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Abstract

Background

Aedes aegypti transmitted diseases have gained significant attention in Colombia, especially with the
introduction of Chikungunya and Zika in the Americas during 2014 and 2015, and the increasing spread
of the dengue virus (DENV). Even though important progress has been made in the reduction of these
illnesses, evidence-based scaled-up programmes for effective control are limited in many settings,
restricting the possibility of using evidence to inform the utilisation and expansion of new tools,
technologies, and approaches. In one of Colombia's most hyper-endemic DENV cities (Girardot), the
scaling-up of a community-based intervention under a multisectoral approach (“Girardot Aedes-Free”)
was carried out between 2015 and 2018, aiming to reduce Ae. aegypti density, as well as dengue
incidence. This programme included the distribution of insecticide treated water covers. The aim of this
thesis was to investigate the effectiveness of the “Girardot Aedes-Free” intervention, and to assess the
critical elements for implementing the intervention at scale and developing an effective multisectoral

approach to scale-up the intervention.
Methods

To assess the effectiveness of the scaled-up intervention on dengue incidence, the number of dengue
cases and associated factors were analysed from available data setsfrom the local Colombian
disease surveillance system. Different statistical analyses were used (Propensity score matching, Arma,
and Differences in Differences (Diff in Diff)). In addition, different Ae. aegypti indices were calculated
from baseline and follow-up household and public premises entomological data sets of study logs. The
impact of the intervention in reducing Ae. aegyptiindices in household and public premises was analysed
using Diff in Diff, difference of endpoints and logistic regression models for both households and public

premises.

A process evaluation using a mixed-method approach was conducted to analyse the process of scaling up
and implementing the intervention, as well as the importance of multi/intersectoral collaboration
approach in scaling-up the intervention. Secondary data from semi-structured interviews with key
actors, study logs, policy documents, and other official documents such as guidelines, minutes, statutes,

and decrees were analysed to offer insight into the intervention implementation and context.
Results

The “Girardot Aedes-Free” intervention can be defined as a complex community-based intervention that
comprises four components that interacted at different levels (household covering productive Ae. aegypti

breeding sites with insecticide-treated covers (ITCo), school, community, and institutional actions). The



intervention reached 6127 households and 5709 insecticide-treated water-holding container covers
were installed. Thirteen months after the intervention was implemented, entomological indices
decreased overall in both intervention and control areas but decreased further in intervention areas, with
significant differences, except for container indices (CI) and pupa per person indices (PPI) which
increased in control areas. The CI decreased in intervention areas after the intervention (from 12% to
6%) and this decrease was significant (diff - 0.06,95% CI [- 0.08, -0.04]) but increased slightly in control
areas after intervention (from 13% to 15%), although the differences were not significant (diff 0.02 95%
CI[-0.02, 0.06]). The Breteau Index (BI) decreased from 22.6 to 11.7 in intervention areas (diff 0.11, 95%
CI[0.08,0.14]) and from 31.6 to 27 in control areas (diff 0.05,95% CI [ 0.00, 0.10]). Entomological indices
in public spaces were higher than indices in households and decreased overall in both intervention and
control areas after the intervention was implemented. The results of logistic regression models for both
households and public spaces showed that after the intervention, there was a lower likelihood of finding

immature forms of Ae. aegypti in intervention areas compared to control areas.

Regarding impact on the reduction of dengue cases, although there is some evidence in favour of the

intervention, there is no conclusive evidence.

The scaling-up of “Girardot Aedes-Free” complied partially with a “vertical approach” (conducted and
taken up by the governmental sector) and a “horizontal approach” (replication of a successful
intervention). Two main factors hindered the expansion of the intervention and its integration into vector
control polices and hence the sustainability of the intervention. These included 1. territorial governance,
such as management and leadership, technical capacity, participation and institutional structure of a
territory, and complexity of installation of household level intervention components and 2. political will
of the local authority (Mayor). Furthermore, it was evidenced that the multisectoral collaboration was
established under a genuine collaboration and has the potential to be successful in time. However, the
are some challenges, including lack of human and financial resource mobilization and allocation, lack of

monitoring system of actions, that need to be addressed to maintain its impetus.

Conclusion

The outcome evaluation indicates that the intervention can reduce dengue vector populations but there
is no conclusive evidence that the intervention can reduce dengue incidence. Greater coverage of the
intervention, improved vector and dengue surveillance systems and sustainability of the multisectoral

approach (led by the Mayor of the municipality) are required for further impact.



The understanding of the process of implementation of scaling-up a vector control intervention provided
useful information on how to scale-up and how to build and implement a multisectoral approach for the

control and prevention of dengue and what factors must be addressed.

The information from this study will support recommendations to improve DENV and Ae. aegypti
prevention and control in Colombia and other developing countries. Furthermore, the evaluation of the
multisectoral approach as part of a vector control intervention will help strengthen other multisectoral
collaborations that have been implemented in Colombia following national guidelines and yet are not

sustainable or functioning.
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Chapter 1 Introduction

This dissertation explores a broad range of diverse aspects (mechanisms of impact, contextual factors,
processes, fidelity and outcomes) involved in the implementation of the scaling-up of a complex
intervention for the control of Aedes aegypti, and elements that are crucial for building an evidence base

that informs policy and practice in Aedes control in Colombia.

The overall aim of this thesis was to investigate the effectiveness of a scaled-up Ae. aegypti control
intervention on the incidence of dengue and Ae. aegypti populations, and to assess the process of
implementing the scaling-up of an intervention under a multisectoral and intersectoral approach in a

hyperendemic dengue municipality of Colombia during 2015 and 2018.

1.1 Rationale of the study

Aedes-borne diseases account for around 23% of the estimated global burden of Vector-Borne Diseases
(VBD) (1). They pose a significant economic cost (US $ 2.1 billions per year), not only for governments in
endemic countries, concerning the cost of case management and vector control activities, but for
households regarding expenditures for treatment and protective measures (2-10). Ae. aegypti, the main
vector of dengue virus (DENV), is now globally widely distributed, thus increasing disease burden due to
different aspects of its biology, ecology (climate conditions, temperature, landscape modifications), and

other anthropogenic factors.

Dengue is widely associated with complex relationships between different ecological, biological, and
social factors of urban and peri-urban environments, all of which are particularly challenging for vector
control efforts. Ecological factors refer to climate (rainfall, humidity, temperature, etc) and the natural
and man-made ecological setting (unplanned urbanization) (11,12). Biological factors relate to the
behaviour of the vector, Ae. aegypti, and transmission dynamics of dengue (different serotypes) (13).
Social factors incorporate a series of influences relating to health systems including; the weakening of
surveillance systems,vector control programmes (14) and health services (15) and their political
contexts (e.g. health sector reforms, decentralization (16)); public and private services such as sanitation
and sewage, garbage collection and water supply; "macro-social” events such as demographic growth and
urbanization, and community and household-based practices; knowledge and attitudes, and how these
are shaped by large-scale forces such as poverty (17,18), social inequality (19) and community dynamics

including human movements (20,21).
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Due to the resurgence and continuously increasing dengue threat, an international effort for
strengthening dengue control was promoted by the World Health Organization (WHO) under the
leadership of Special Programme for Research and Training in Tropical Diseases (TDR). Since 2006, it
was recognized that new vector control interventions are needed, to control vector populations
sustainably (36). These new interventions should take into consideration local vector ecology, disease
epidemiology and resources. In response, a collaborative effort between TDR and the Ecosystems and
Human Health Program of the International Development Research Centre (IDRC) launched the Eco-bio-
social (EBS) /Ecohealth research programme, which aims to improve dengue disease prevention through
multi-level/multi-scale and trans-disciplinary analysis, ecosystem-related, biological and social (‘eco-
bio-social’) determinants, and to develop and evaluate community-based public health interventions

(targeting Aedes mosquito habitats and delivered through intersectoral actions (Figure 1.1).

Locally and ecosystem specific
relevant practices for dengue
and Chagas disease
prevention.

New framework for improved
ecosystem-related dengue and

Chagas interventions
Phase 2 Network and community of

Phase 1 a Phase 1b
Situation analysis of Design of a dengue-related \

transmission dynamics: Ecosystem management
vector ecology and intervention ||
y

community context

Call for letter
of intent and
proposal
development

OUTPUTS

Intervention N
research practice

Impact on public health
measures, eg vector density

i ’ / and transmission

0 i i ﬁ
. N "

Networking and Research Capacity Strengthening

2010-2011 2012-2013 2014-2015
2009

Figure 1.1. Conceptual framework of the research phases and objectives of the TDR/EBS
initiative.
This effort comprised three multi-country studies.

1. An initial pilot study in Colombia (37) and Brazil (38): Eco-Bio-Social aspects of dengue. This study
was completed in 2005.

2. A six-country study in Asia and Southeast Asia: Eco-Bio-Social Research on dengue in Asia (27).
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3. A three-phase multi-country study in nine sites in Latin America (México, Ecuador, Colombia, Brazil
and Uruguay): Community-based Ecosystem Management Interventions for improved dengue and

also Chagas disease prevention (39-41).

The third multi-country study is the most recent phase, launched in 2009. Initially, a comprehensive
approach was built based on several study sites (22-24) that investigated the complexity of eco-bio-
social determinants of dengue in urban areas. These studies highlight that vector control requires setting-
specific approaches that combine environmental management practices with community mobilization
and engagement, intersectoral and multi-stakeholder partnerships, principles of Integrated Vector
Management (IVM) (25), and other country-specific policies such as an Integrated Management Strategy

(IMS) (26).

Later on based on the evidence and following WHO’s strategy for IVM (25) and the IMS (26), the
initiatives went beyond studying the associated factors by implementing and testing locally and

ecologically adapted vector control interventions.

Specifically, in Colombia from 2013 to 2014, a vector control intervention (Girardot Aedes-Free) was
implemented in one of the most hyperendemic municipalities of Colombia (Girardot). Mainly the
intervention consisted in covering windows and doors and the most productive household water-holding
containers for Ae. aegypti with long-lasting insecticide-treated nets (LLITN) (with deltamethrin 50

mg/m2, Vestergaard-Frandsen, Lausanne, Switzerland).

A cluster randomized controlled trial (cRCT) was conducted to test the efficacy of the intervention in
reducing the Ae. aegypti density measured through pupae per person Index (PPI) as a proxy for adult
density (29) among other immature indices. The study compared ten control and ten intervention areas
comprising 100 households each. In control clusters, routine vector control activities (Abate, health
education, and occasional public space spraying of an ultra-low volume of Malathion) were conducted.
Intervention clusters included, in addition to the routine vector control activities, insecticide-treated
curtains (ITC) for windows and doors, and insecticide-treated covers (ITCo) for the most productive
water containers. Community participation in the design and implementation of the interventions was

essential for the development of the project (30).

A total of 3483 curtains were installed in 958 households and 354 covers were installed in water
containers. Differences in differences analysis between intervention and control clusters showed a
significant reduction of the PPI in the intervention clusters. The PPI declined 71% (from 0.75 at baseline
to 0.22 at the second follow up) in the intervention group, compared to 25% (from 0.40 to 0.30) in the
control group. After the intervention with covers, the pupae productivity decreased 60% (from 970 to

388 ), and in the control group 16% (from 394 to 339). Furthermore, 60.1% of residents reported a
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willingness to pay for the covers, 83.2% would recommend them to friends and neighbours, 26.4%
reported less use of do-it-yourself insecticide sprays and indicated that the median cost of the sprays was

US$8 (29).

The cost per household was US$48, where the LLITN were the main driver of the costs (4). The cost of
the intervention is high, but when compared to local out-of-pocket expenditures (US$13.27) or indirect

costs of dengue in Colombia (US$197.10) (6), the investment seems to worthy.

In the light of the efficacy results, and following the recommendations of the WHO response strategy 2017
(1), the project in Colombia (“Ecobiosocial approach for the design and implementation of a sustainable
strategy for dengue vector control in Colombia”) implemented a scaling-up phase, extending the
intervention to other geographic areas with the aim to broaden the impact in dengue local transmission.
As a key strategy to reach the institutionalisation of the intervention and long-term viability, a
multisectoral and intersectoral action approach amongst municipal entities from different sectors
(health, social development, tourism, academic and education) was proposed (Chapter 3. Description of
the intervention). As part of this scaling-up phase a quasi-experimental study, pre-post test, with a

control group was designed.

The scaling-up phase of the Colombia initiative was an opportunity to assess many aspects that still
needed to be addressed. There are gaps in understanding the factors that influence the process of
expanding and institutionalising the intervention, and the role that plays a multisectoral approach in this
process. For example, it was clear from the literature review that there is a lack of evidence around the
effectiveness of scaling Ae.aegypti interventions in dengue transmission. Scaling-up health interventions
is a complex process. Settings beyond controlled scenarios, like those of efficacy trials, pose several
challenges (political, financial, administrative and community leaderships) in the implementation
process of an intervention at scale. These challenges not only affect the impact of an intervention but its

integration into local programmes, and future sustainability.

Most studies of dengue control interventions have focused on analysing their effects in reducing vector
densities. Analyses of implementation processes of these interventions against dengue are scarce (31-
33). Moreover, there are fewer studies that describe the development and implementation fidelity of
interventions against dengue (34), and even less so in Colombia. The analysis of implementation fidelity
(35) is important, as it not only ensures that the observed results are linked to the intervention but also,

generates ideas for improving the implementation of the intervention.

A greater understanding of the above factors allowed better recommendations on how and under what

conditions the intervention was scaled-up and what impacts it produced on dengue transmission.
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1.2 Aim, research questions and objectives

1.2.1 Overall Aim

Investigate the effectiveness of a scaled-up Ae. aegypti control intervention on the incidence of dengue,
and assess the process of scaling up the intervention in a hyperendemic municipality in Colombia during

2015 and 2018.

1.2.2 Research questions

e What is the effectiveness of a community-centred environmental management intervention in
reducing dengue cases and Ae. aegypti populations in a hyperendemic municipality of Colombia?

e What are the factors (implementation, mediators and contextual) that drive the process of
scaling-up an Aedes-control intervention, that aims to reduce dengue reported cases in a
hyperendemic municipality of Colombia?

e What are the factors that drive the effective development and adoption of a multisectoral and
intersectoral collaboration as a practice in scaling-up an Aedes-control intervention for reducing

dengue reported cases in Colombia?

1.2.3 Objectives

e To evaluate the effectiveness of an Aedes-vector control intervention in the reduction of Ae.
aegypti infestations and dengue incidence in a hyperendemic municipality of Colombia.

e To document and analyse the process of scaling-up an Aedes-control intervention by examining
its implementation, identifying the contextual factors, and clarifying the causal mechanisms
through which the intervention produces its impact.

e Toevaluate the factors that drive the development of a multisectoral collaboration for Ae. aegypti

control in Colombia at a municipal setting

1.3 Overview of thesis objectives and methods
This thesis is based on one empirical case contributing to four studies (Studies 1-4); two quantitative
studies (Studies 1 and 2) and two mixed-method studies (Studies 3 and 4) based on the examination of

one subject of study (the case). I choose as subject of study the “Girardot Aedes-Free” intervention, carried
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out in a hyperendemic municipality of Colombia for the control of Aedes-transmitted diseases as a focus
for study. This case study was chosen based on its availability, meaning that access to them and
organisations involved was granted through negotiations with existing contacts, either via local actors or
from within the organisations, and my previous involvement in the project as principal investigator. As
principal investigator and study manager for “Girardot Aedes-Free” project I led the preparation of all

aspects of the project except the economic evaluation of the intervention.

Table 1.1 presents an overview of how the specific aims of the thesis are linked to the case, the studies,

and the main theoretical and methodological approaches.

Table 1.1. Overview of the objectives of the thesis and their relations to research design, data

sources and theoretical approaches used.

Study Objectives Theoretical Research Data sources
framework Design
Study 1  To quantify the Outcome Observational Entomological surveys
effectiveness of the evaluation Cross- in public and private
intervention in reducing sectional premises from
Ae. aegypti abundance. study intervention and control

areas both, before and
after implementation of

the intervention (study

logs)

Study 2  To evaluate the Outcome Ecological Dengue surveillance
effectiveness of an Aedes-  evaluation study data from Girardot
vector control (study site)
intervention in dengue
incidence in a hyper-
endemic municipality of
Colombia.

Study 3 To assess the process of Process Mixed- In-depth interviews,
implementation, clarify evaluation methods focus group discussions
causal mechanisms and Implementation  approach (FGD), and document
identify contextual factors research review.
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associated with the Fidelity
outcomes produced by the ExpandNet

scaled-up intervention

Study4  To investigate the Multisectoral Mixed- In depth semi-
development and action methods structured interviews,
sustainability of a Process approach stakeholder mapping
multisectoral approach evaluation and analysis and
built as the main strategy document review

for scaling-up “Girardot

Aedes-Free” intervention.

1.4 Outline and organization of the thesis

The chapters are organized according to the specific objectives of the thesis.

Chapter 1 is an introduction to the structure of the thesis including the rationale of the study, aims,

research question and objectives of the PhD.

Chapter 2 initially presents an overview of dengue epidemiology worldwide, in the Americas and
Colombia. Secondly, describes the characteristics of an effective Ae. aegypti control tool, along with
measurements used to define effectiveness outcomes. Then, presents the experiences in scaling-up

vector control interventions reviewing the process, the approaches used, and the challenges found.

Chapter 3 is a detailed description of the intervention including the description of the study area, the
epidemiological data related to dengue and the local vector control programme. In addition, a Theory of
Change (ToC) is presented to describe how the intervention activities were understood and produce the

sequence of outcomes that influenced the intended and unintended impacts during the scaling-up.

Chapter 4 presents Study 1 related to the effectiveness of the intervention, using as secondary outcome
different entomological indicators. A description of methods for data collection and analysis used in this

study is presented.

Chapter 5 presents Study 2 related to the effectiveness of the intervention, using as primary outcome

dengue cases. A description of methods used for data collection and analysis is presented.

Chapter 6 refers to Study 3. In particularly, it describes and analyses the process of scaling up and

implementing “Girardot Aedes-Free” intervention. i.e. the factors of implementation success of the scaled-
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up intervention. In this thesis, scaling up refers to the process of expanding the coverage, and the

adoption of a successfully tested intervention.

Chapter 7 addresses the success of the multisectoral collaboration/action approach built as part of the
process of scaling-up the intervention (Study 4). It contains the results of the evaluation of the
development and sustainability of a multi and intersectoral partnership. Particularly it focuses on the
policy and organizational framework in which they act, how it functions, what the strengths and
limitations are and how different sectors and individuals interact and how they were willing and able to
involve and support and collaborate with local urban communities in their activities. Different
management styles, ways of resource allocation, formal and informal institutional relationships, roles,
which may facilitate or hinder the effectiveness of intersectoral collaborations, are presented. It also
presents and discusses the findings of the multisectoral and intersectoral action process followed for the

scaling of “Girardot Aedes-Free” intervention based on a mixed method approach.

In Chapter 8, the main findings concerning the research questions are summarized, discussed, and
interpreted. General conclusions based on the findings of the studies presented in this thesis are

described. The scope of the conclusions is limited to the local context of Girardot.
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Chapter 2 Background

2.1Dengue

Dengue, a viral disease, is caused by one of four antigenically different Flavivirus serotypes (DENV-1, -2,
-3,and -4) (1,2). Infection with a specific serotype confers subsequent immunity to that strain, however,
susceptibility to other serotypes remains (3). In addition, infection with a new serotype can induce an
aggressive immune reaction in immunocompetent subjects, which goes some way to explain why
subsequent infections tend to be more severe and account for much of the mortality (3). Clinical
manifestations of infection range from asymptomatic to rapid death from complications secondary to
vascular leak and organ dysfunction (3,4). In 2009, the WHO redefined their dengue classification system
following a multicentre systematic review reporting that 18% of cases were unclassifiable by experts into
the old definitions of dengue fever (DF), dengue haemorrhagic fever (DHF), and dengue shock syndrome
(DSS). Anew classification was developed in order to detect a greater number of severe cases not meeting

criteria for DHF, and the WHO now divides cases into “dengue +/- warning signs” and “severe dengue”

(5)-

The virus which causes dengue is transmitted by Ae. aegypti and Aedes albopictus mosquitoes when they
bite (4). Ae. aegypti have been widely circulating in the Americas since the 1960s, and is rapidly
expanding around the globe. This species is currently present on all continents except for the Antarctica
(6).In 2015, Kraemer et al. studied the global distribution of these two important vector species, for Ae.
aegypti more than 61% (11,737) of all occurrence records were from Asia and Oceania, 36% (6,857) were
from the Americas and only 2% (433) occurrences were available from Africa and Europe (6). For Ae.
albopictus, most of the occurrences were from Asia (75%, 16,125), 23% (5,141) from the Americas, and
only 2% (n:893) records were available from Europe and Africa (6). Dengue has become a public health
problem, considering the burden of the disease and the economic impact it brings to several areas of the

Western Hemisphere (7).

Dengue can be conceptualized as "eco-biological-social" in nature and origin, with environmental,
demographic, and social factors that overlap and reinforce each other. According to the epidemiological
and entomological behaviour observed, Ae. aegypti has infested territories located below 2,000 meters

above sea level, reaching very high rates of infestation in many urban areas (6,8-11).

Dengue transmission is very sensitive to changes in several of the dimensions of the ecosystem in which
the transmitting vectors are present. This is how environmental factors such as rain, humidity,

temperature, and the natural or human-created environment determine the presence and biology of the
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vector. For example, temperature has a combined effect on DENV development, as well as the survival of
the transmitter vector (4e. aegypti). With higher temperatures, the longevity of the vector is lengthened
as well as viral incubation is faster so that the proportion of infected vectors increases (12-15). Models
have determined that at temperatures below 20°C and above 34°C, Ae. aegypti cannot reproduce in
substantial quantities, while within that range the incidence of dengue increases linearly (16-19).
Likewise, precipitation has been positively correlated with Aedes reproduction rates and dengue
transmission in many regions (20). Precipitation increases the number of potential breeding sites

(natural or artificial) and larvae and pupal Ae. aegypti slightly affected by excessive rain (21).

Other risk factors for dengue outbreaks include the reintroduction of serotype 3, the simultaneous
circulation of the 4 serotypes (1,22-24), the immune status of the population to each serotype, and the
high human population densities in unplanned urbanization systems (25-27). On the other hand, the
floating population derived from migratory flows (forced displacements, tourism, daily work, daily
movement) of people over urban areas, is an important factor in the epidemiological dynamics of dengue
(28-33). Several studies have evidenced the fundamental role of broad demographic and spatial
structures in the initiation of growth and control of an epidemic. For example, Falcn-Lezama study (34)
concluded that the key factors are local dilution, characterized by the vector-host relationship, and spatial
connectivity characterized by the degree of movement patterns. Epidemic risk is driven by population

groups that visit areas with the highest vector-host ratio, even if these groups remain for a short time.

In a systematic literature review that refers to the association between dengue and poverty (35,36), it
was concluded that there are some positive associations between these variables (measures through
income, education, the structural condition of housing, overcrowding, and socioeconomic status).
Variables such as income and physical conditions of housing were more consistently correlated with
higher dengue rates than other poverty indicators. This is how marginal and poor populations are
exposed to difficulties in the availability and quality of basic services such as regular water supply and

solid waste collection (37-40).

It is emphasized that the heterogeneity of the measures and scales used to capture the conditions of
poverty used by the different articles makes it difficult to assess the strength and consistency of the
landings between various indicators of poverty and dengue (36). In addition, the beliefs and practices of
the community influence the level of domestic sanitation and determine the availability of places of

production of immature forms of Aedes permanently established in the home environment (25,41-44).
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2.2Dengue global estimates

Estimates indicate that 390 million dengue infections occur every year (95% credible interval 284-528
million), of which 96 million (67-136 million) manifest clinically (with any severity of disease) (10). The
regions most affected by dengue include the Americas, South-East Asia, and the Western Pacific.
Particularly Asia accounts for around 70% of the global burden of disease (45). The incidence rate of

dengue by country reported by the WHO is presented in Figure 2.1.
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Figure 2.1. Worldwide incidence rate of dengue for 2017

Source: Dengue Data Application - World Health Organization (46)

2.2.1 Dengue in the Americas

Reported cases of DENV have increased 30-fold in the past 30 years, becoming highly endemic in the

American region, with most cases ocurring in Brazil, Mexico, and Colombia (7,47,48).

In 2010, there were 1,598,334 dengue cases in the Americas reported to Pan American Health
Organization (PAHO) (49) , in 2013, the number of cases increased to 2,347,042 (49), in 2015 to
2,403,523 (49), and in 2016 to 2,171,027 (49). By 2017, a significant decrease was recorded; a total of
579,027 cases were reported (49). Between 2018 and 2020, 6,078,582 dengue cases were reported (49).
In particular, 2019 (3,190,778) was the largest epidemic recorded in the history of dengue in the

Americas, exceeding by 30% the number of cases reported in the last epidemic year of 2015.
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2.2.2 Dengue in Colombia

It is estimated that more than half of the Colombian population (about 24 out of 46 million people) live
in areas susceptible to DENV transmission. Ae. aegypti is a widespread vector in Colombia below altitudes
of 1,800 meters above sea level (MASL) (50). In Colombia, dengue is recognized as a disease that has
increased in the last decades an endemic throughout most of the country. Different to other countries in
the region, Colombia reports dengue cases throughout the year, and cases increase during rainy seasons
(51). Dengue cases are reported in more than 66% of the municipalities of Colombia (50). Between 1999
and 2010, the majority of dengue cases concentrated in 18 municipalities, and 50% of cases were from

capital cities, this indicates that the disease in Colombia is concentrated almost entirely in urban centres.

Between 1971 and 2010 there were 12 dengue epidemics in the country, leading to more than 1 million
cases of dengue (annual average of 30,928 cases), and 7.4% of the cases involved severe dengue. Between
2011 and 2019, 711,381 dengue cases and 2 epidemics (2012-2013 and 2018-2019) were reported (52).
In 2020, 78,979 cases of dengue were reported, and 897 of them were severe cases. Finally, in 2021,
53,334 dengue cases were reported, with 958 severe cases reported that year (49). A forecast of dengue
cases expected in Colombia from 2019 through 2022 estimates that the situation will exceed the annual
average from past years (annual average of 67,474 dengue cases) (53). Figure 2.2 shows the dengue
incidence in Colombia between 1990 and 2021, it shows the multiple peaks mentioned before, with last
of these occurring on 2019. Dengue cases and severe dengue cases appear to have decreased in the years

2020 and 2021, and the COVID pandemic's effect on underreporting is a likely cause.
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Figure 2.2. Dengue incidence per 100,000 inhabitants in Colombia, 1990-2021

Source: Health information Platform for the Americas (PLISA). Data reported by Ministries and Institutes

of Health of the countries and territories in the Americas (54).

A systematic review reported that the age group most affected by dengue infections is the population
under 15 years, and the disease affects similarly men and women (55). Simultaneous circulation of the 4
dengue serotypes have been reported in Colombia since 2004 (50). In the greatest dengue epidemic
registered in Colombia (2010) so far, the distribution per serotype was described as: DEN-1 (43.8%),
DEN-2 (40.4%), DEN-3 (12.5%), and DEN-4 (3.1%) (50). At a subnational scale, Figure 2.3 represents the
six eco-epidemiologic regions in the country, classified by the predominant type of dengue transmission;
Central-East Caribbean, Pacific coast, Central-West, Caribbean, Orinoquia, and Amazonian. Each region
has its own conditions affected by local environmental, social, and cultural structures. The Central-East
region is characterized by being hyperendemic due to intense and persistent transmission of dengue,
with simultaneous circulation of three of the four dengue virus serotypes. In some of its municipalities,
all four serotypes of the virus are in circulation (50). This region contains 6 of the 18 municipalities
(Cucuta, Bucaramanga, Neiva, Ibagué, Floridablanca, and Girardot) that displayed a greater concentration

of cases between 1999 and 2010.
The Pacific Coast region is predominantly hypoendemic with overall low dengue transmission. However,

it has a hyperendemic strip that corresponds to the province of Valle del Cauca, where three municipal

capitals (Cali, Palmira, and Buga) display a focused behaviour of the disease.
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The Central-West and Caribbean Coast regions are characterized as endemic-epidemic, with sustained
transmission of dengue punctuated by epidemic outbreaks. However, both regions have urban centres in
which cases are concentrated: Barranquilla and Valledupar (Caribbean Coast) and Armenia, Medellin,
Pereira, and Dos quebradas (Central-West). The island territories of San Andrés and Providencia are

characterized by hypoendemic behaviour.

The regions of Orinoquia and Amazonian have the same type of endemic-epidemic transmission in
densely populated areas, as well as some hypoendemic, emergent, and re-emergent regions in the least
populated areas. Only in the Orinoco region are there urban centres where dengue cases concentrate: the

cities of Villavicencio, Arauca, and Yopal (Figure 2.3).
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Figure 2.3. Eco-epidemiological regions of dengue transmission in Colombia

Source: Unpublished work (59: p.1.)

Four dengue concentrations are described in Colombia (Figure 2.3). One is in the central part of the
country, which includes the urban centres of the hyperendemic areas of the Central-East and Pacific Coast
regions, as well as endemic-epidemic areas of the Central-West region. The second group is concentrated
in cities with the greatest number of cases of the Central-East region located in the country’s northeast,
on the border with Venezuela. The last two clusters are in endemic-epidemic areas, one in the Caribbean

Coast region and the other in the Orinoquia region.
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In the north and central parts of the country (Figure 2.4), there are dengue transmission clusters in eco-
epidemiologic hyperendemic and endemic-epidemic regions respectively. Each capital city in these
regions have at least 250,000 inhabitants, including urban metropolises of between 1 and 4 million
inhabitants such as Barranquilla, Cali, and Medellin (57). The Caribbean region has the largest at-risk
population (7,113,315), given that most of its population lives below 1,800 meters above sea level (50).
The mobility of people in these areas is very high, due to secondary and tertiary economic activities and
to migration flows among cities and from the countryside to the cities (including forced displacement),
leading to the presence of belts of vulnerable conditions around the largest cities. The international

border activity in this area is formal and controlled, since it is largely maritime and aerial.
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Figure 2.4. Territorial dynamics of dengue in Colombia

Source: Unpublished work (59: p.4.)

Another type of cluster occurs in peripheral areas where transmission is endemic-epidemic (Arauca,
Yopal, and Villavicencio). The population at risk in this region (Orinoquia) is 1,127,396, and people’s
mobility is heavily affected by armed conflict (movement from rural to urban areas) and by extractive

activities (exploration of minerals, oils and natural gas deposits).

In peripheral urban centres such as Arauca, where this cluster is located, international trade is important.
The land border is permeable and allows easy transit, which is reflected in the importance of the informal
economy and smuggling of many kinds, including everyday articles like foods, appliances, and gasoline.

It is important to note that Villavicencio, located close to the central area of the country, features both
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central (international trade) and peripheral conditions simultaneously (armed conflict and extractive

activities).

Finally, there is a cluster in northeast Colombia within the hyperendemic Central-East region. This cluster
is divided by the eastern cordillera and simultaneously displays characteristics of the clusters of the
central and peripheral areas noted above. On the one hand, it includes the central area of Bucaramanga
and Floridablanca on the western slope of the cordillera, while on the other side Cicuta shares the
dynamics of the areas of the peripheral land borders noted above. Together, these cities accumulated

more than 10% of the cases of dengue reported in Colombia between 1999 and 2010 (50).

2.3Characteristics of effective Ae. aegypti control tools

There is a wide range of Ae. aegypti control intervention tools including: biological control, such as
the introduction of larvivorus organisms in the water, insecticides to kill adults and larvae, and
environmental management (source reduction, provision of safe water, covering of water containers,
and reduction of human-vector contact by placing screens on doors and windows with insecticide-
treated nets). There are also some methods that may become useful in the future such as the release
of transgenic mosquitoes, or wolbachia infected mosquitoes (reducing or replacing the wild-type

vector population with one that has reduced capacity to transmit and reproduce) (58,59).

Several systematic literature reviews (SLRs) on vector control interventions are available. Some
reviews report single vector control interventions like Bacillus thuringiensis israelensis (Bti) (60),
temephos (61), peridomestic space spraying (62), indoor spraying (63), larvivorous fish (64) and
copepods (65), pyriproxyfen (66) and others consider more than one intervention. Below, a more
detailed description of the results found in each of the SLRs that report more than one intervention is
provided. Eight articles were assessed, of which four are meta-analyses, three are SLRs only and one
is a meta-review. All studies have been published within the last decade. Tables A1-3 of Appendix A
summarizes the main characteristics of the studies identified in the literature review, including the

characteristics of insecticide-treated materials used as interventions.

Study designs range between randomized controlled trial, controlled clinical trial, longitudinal,
control before and after, interrupted times series, case-control, cross sectional, retrospective
observational, ecological, models, and quasi-experimental designs. This diversity in study design

means diversity in quality.

Two categories of outcome measures were commonly used: entomological and disease transmission.

The effectiveness of the interventions is measured mainly through entomological outcomes, that are
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determined through cross-sectional surveys carried out between weeks or months; few studies have

tried to measure the effectiveness using human disease measures as outcomes.

The entomological measures used were not consistent. The most common entomological indicators
used were the Breteau Index (BI), Container Index (CI), and House Index (HI). However, some studies
also used larva stages (LIII, V) as an estimate of adult density, pupal demography surveys (to measure
interventions targeted at the most productive containers), tank positivity, ovitrap data, or number of

mosquito adults.

To assess effectiveness, the studies used the mean difference between entomological parameters
(between intervention and control or pre- post intervention data) or the relative reduction in vector
density in relation to pre-intervention levels. Erlanger et al (67) used the measure of relative
effectiveness (RE) defined as 1 minus the relative reduction of the measure (entomological index). RE:
< 1 indicated a reduction caused by the intervention compared to control or pre post phase, RE: 0
indicated elimination of the vector population, and RE: > 1 indicated an increase in the corresponding
measure in the target area. Furthermore, Ballanger-Browing et al used Mulla’s percentage reduction
(using Mulla formula 100-(CI/T1xT2/C2) x 100 that corrects for natural increases or decreases

occurring in the control group that may have similarly affected the treatment group over time (67).

The degree to which the entomological parameters are reduced does not necessarily reflect the impact
in the disease transmission as critical thresholds for disease transmission are unknown. The PAHO
has proposed some values of BI, CI, and HI that categorizes the risk of transmission in three levels,
high (HI >5%), medium (HI 1-5% ), and low (HI < 1%) (68). Recently, the TDR suggested the use of
pupal indexes based on pupal demographic surveys (69). This indicator serves as a proxy for adult
density as it estimates the ratio of Aedes pupae to humans in a defined area and also allows the
identification of the most productive breeding sites. In this case, thresholds for epidemic dengue
transmission have been proposed based on different percentages of seroprevalence date and

temperature of a certain setting (12).

The disease transmission measured in some of the studies used the number of serological /virological
confirmed cases (seroconversion), dengue incidence rates, or reduction in odds of infection of dengue
incidence. These outcomes also have some constraints as disease transmission is complex and is
driven by diverse factors like human movements, number of susceptible individuals, and vector biting

rates.

It is clear from the literature that the data collection, analysis and therefore interpretation, for both

entomological and disease-related parameters are inconsistent. This makes the studies difficult to
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compare and makes itimposible to reach a definitive conclusion. Nevertheless, the literature provides
insight into certain characteristics that can predict the effectiveness of the interventions: use of an
integrated approach, use of community-based approaches, sufficient coverage, tailored to the setting
(sociocultural, ecological), and community acceptance. But there is still a paucity of knowledge

regarding the effectiveness in disease transmission (58,67,70-74).

In conclusion, the best practices in vector control remain to be defined for any setting (i.e., which tools
or methods the community should employ), as well as what constitutes adequate or sufficient
coverage in order to affect the vector population and virus transmission. This includes operational
aspects, community mobilization, quality of delivery, and the most effective combination of

interventions for successful vector control.

2.4Scaling-up vector control interventions

The term of scaling-up has gained interest in the field of health interventions, particularly due to the
global concern on successfully achieving the Millennium Development Goals (MDG) (75,76), replaced in
2015 by Sustainable development Goals (77). Worldwide, small-scale projects created to mitigate health
problems have demonstrated outstanding results, nonetheless, most of them tend to remain in their
original target areas and do not generate large-scale impact (78). This gap between the research and the

implementation also occurs in the field of VBD.

Even though important progress has been made in the reduction of these illnesses (79), evidence-based
programmes for effective control are limited for most vector-borne diseases and applied research is
scarce in many settings, limiting the possibility of such evidence to inform on how to utilize and expand
new tools, technologies, and approaches (80). Due to this, organizations such as the WHO have included

in their response frameworks for scaling-up of integrated tools and approaches as a key action (81).

Scaling-up health interventions can be defined as the process of expanding the coverage and impact of a
successfully tested health intervention, while accounting for future sustainability (82). The scaling up
process considers different elements including the intervention type, the context where it is
implemented, the resource team, the users that receive the intervention, the scaling strategy, and the
pathway and mechanisms to achieve the goal (82-85). This process is opposite to spontaneous diffusion
as there is an explicit intention to expand the reach of the innovation and it is guided by a systematic

strategy to achieve this goal (82,86).

Typically, there are two types of scaling. Horizontal scaling is when an innovation is applied to another
context or when new interventions are added to an already existing package in a population group.

Vertical scaling, on the other hand, refers to the situation where a government decides to adopt the
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innovation at the national or sub-national level and it is institutionalized through planning mechanisms

or changes in public policy (78,82,85,87).

A scoping literature review was performed to review and synthesise experiences on scaling-up vector
control interventions with focus on describing the process and the approaches/theoretical frameworks
used. The review also aimed to identify the barriers, key success factors and lessons learned to effectively
scale-up the interventions. (See Appendix B for detailed description of search strategy and characteristics

of reviewed studies).

The review identified case studies from Africa, Asia and Latin America. Overall, 14 (88%) case studies
described the challenges for scaling-up malaria control in Africa and Venezuela, 4 (17%) were related to
dengue control and 2 (8%) to Chagas disease control. All dengue and Chagas disease studies were
conducted in Latin America (Colombia, Cuba, Mexico, Honduras, El Salvador, Guatemala, Uruguay and

Brazil) (Appendix B).

The majority of the research was related to the expansion (horizontal scaling-up) of LLIN for controlling
the malaria burden in Africa. There are few examples of analysis of the process of scaling up
interventions. Most of the case studies report the type of scaling-up (vertical or horizontal) or the
strategies for expansion (delivery) rather than the framework followed to implement the process of

scaling-up or for the analysis of the process.

Chanda and collaborators, published the experiences from Malawi, Zambia, and South Sudan, describing
the approaches used to scale up malaria vector control, the challenges encountered, the lessons learnt
from these experiences, and how these were used to inform vector control initiatives (88,89). Table 2.1.

illustrates the challenges faced and the lessons learnt from the interventions scaled for malaria control.
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Table 0.1. Challenges, barriers, and lessons learned in the scaling of LLIN for malaria control

Challenges

Lessons learnt

Management:

Weak collaboration among the partners during
implementation, monitoring and evaluation phases.
Lack of defined roles and responsibilities.

Lack of consensus among stakeholders on disposal
mechanism for old LLINs.

Minimal collaboration between academic/scientific
institutions and Ministry of Health on entomological
resources, including insecticide resistance.

Limited collaboration with other vector borne disease
control programmes.

Inadequate information sharing between stakeholders

for timely decision-making.

Capacity /Resources:

Lack of operational research to guide informed decision-
making.

Limited capacity for supportive supervision at state and
county level

Limited number of entomologists

Minimal capacities for vector management activities.

Limited technical expertise on [IVM

A nationwide campaign that is centrally coordinated and based on sound

guidelines may offer greater benefits.

A strong partnership base and effective channels for the timely and
supplementary deployment of LLINs may be essential if universal LLIN

coverage is to be achieved.

Use of integrated approaches for substantial impact and optimal use of
resources, a well-coordinated integrated vector management strategy

may offer greater benefits.

Resistance monitoring and management plan involving all vector control

resources.
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e Lack of compliance with vector control distribution

guidelines.

Political Context:

e Movements of refugees, returnees, and internally displaced

persons

o Inaccessibility because of natural disasters and violence

e Delays in disbursement of funding from the Global Fund,

primarily due to issues related to government financial

management systems

Communication and information:

Inadequate information and
education or behaviour change
communications and
educational materials on LLINs.

Inconsistent community
sensitization and mobilization.

Limited funds for production of
Information Education
Communication (IEC) materials.
IEC messages are available in

limited languages.
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Community elements:

Resistance by the population to use the nets and misuse of
the nets for fishing or fencing.

Leakage of distributed LLINs into the market.

Influx of untreated nets and other recommended types.

Low ownership of LLINs by vulnerable groups.

Conditions of households predispose the LLINs to heavy

wear and tear, Inconsistencies in distribution campaigns.
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There have been even fewer efforts to scale up effective interventions for controlling other VBD (dengue
and Chagas disease), as well as for analysing the process of scaling-up the interventions. The most recent
study analysed the scaling-up processes of six Ecohealth projects in Latin America (Mexico Colombia,
Guatemala, El Salvador, and Honduras (56). The study aimed to identify the key elements recognised
directly by project stakeholders for the successful development of the expansion of the interventions.
Guatemala, El Salvador, and Honduras scaled-up interventions for Chagas disease prevention, while
Mexico and Colombia for dengue prevention. The following were identified as factors that influence the
process of scaling-up an intervention: 1. Strategies for scaling up including the type of innovation,
management and resources and community participation, 2. The political and the geographic context
where the scaling was implemented and 3. Outcomes or consequences derived from the process. This
includes the impact on people and institutions, institutionalization of the interventions and the

coordination between public and private institutions.

In addition, a study conducted in 2015 in Central America (El Salvador, Honduras, and Guatemala) (90)
reports the results from the scaled up systematization of a Chagas disease vector control intervention
that involved recording the stakeholder experiences, understanding contextual characteristics and
determining project findings. In 2004, a Chagas disease control intervention based on the sustained used
of local materials was implemented in Guatemala under an Ecohealth approach (91). The intervention
involved the improvement of adobe and “bahareque” houses (built in wood, mud, and thatched roof,
similar to wattle and daub) through the use of local materials to cover cracked walls and dirty floors as
they were the main risk factors for vector infestation. After testing the efficacy through the decline of
vector re-infestation and human blood ingestion the intervention was scaled-up in 2011 in the bordering
regions of Guatemala, Honduras, and El Salvador (92). The scaling-up process involved not only
enhancing the intervention impact but also determining whether the intervention could be applied to
other ecological, ethnic, and cultural contexts. The analysis of the scaling process of identified the

following key factors and challenges for scaling-up are then highlighted in Table 2.2.
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Table 0.2. Challenges and lessons learned in the scaling of Chagas disease and dengue control interventions in Latin America

Challenges

Lessons learnt

Context
Political
In rural context, civil wars, and illegal economic activities as gold
mining.
Long overall absence of the government, resulting in its projects

being replaced by national and international private agencies.

Setting
-Rural: Not existent, or poor quality of roads requiring air or fluvial
transportation for field activities.

-Urban: (mainly dengue projects), insecurity and violence were
present.
Rejection for households’ and

surveys implementation of

intervention due to insecurity.

People’s perceptions
Problems are exclusively seen as part of the health sector and of

government responsibility during outbreaks.

Political instability, high turnover of stakeholders, decision-makers,

and personnel from public institutions

Intervention

The type of intervention was considered fundamental, as interventions scaled
up differed from the current interventions regarding its content, resources
and management.

Multipurpose interventions that aimed beyond controlling the vector to

impact the quality of life.

Community participation

Active community participation is essential for the development of the
interventions.

Use of several participatory methods

Interventions with an educational component produce greater motivation
and behavioural and attitude changes in community members.

In interventions where people learned, and applied techniques of housing
improvement (Central America) greater appropriation of the intervention

was achieved.

Paternalism vs community autonomy: communities used to paternalism

opportunely accept the intervention, but its appropriateness is slower.
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No intersectoral coordination

No harmonisation between local and national policies.

Intersectoral collaboration

Given the multipurpose objective of the interventions, different institutions
were able to work together and scaled the interventions by their own means.
Difficulties in making public policy instruments transcended the health

sector.

Leadership
In general, it was agreed that the participation of the government can
facilitate the processes of scaling, but if this is not possible, it can also be led

by other actors.

Institutionalization of the intervention
Lack decision-making in government for the adoption of an intervention at

national or sub-national levels

Progress was reported in relation to the involvement of some local officials
and leaders, who had greater proximity to the intervention, but without

reaching the institutional level proposed by vertical scaling-up.
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Chapter 3 Girardot Aedes-Free intervention

3.10utline

This chapter describes the intervention under study, “Girardot Aedes-Free”. First, it provides the general
context in which “Girardot Aedes-Free” operated, with epidemiological data related to dengue and
descriptions of important dengue and vector prevention and control frameworks. Secondly, it goes into
detail concerning the core components of the intervention and its local implementation. The theory of

change is presented to describe how the intervention activities were understood.

The context, process and outcome evaluation model proposed by Fridrich, A. et al. (1), The modified
theoretical framework to assess implementation fidelity of adaptive public health interventions by Perez,
D. et al. (2) and the Template for Intervention Description and Replication for Population Health and
Policy intervention (TIDieR-PHP) guidelines for reporting population health and policy interventions (3)
were used characterize key features of the intervention such as duration, intensity, modes of delivery,
processes, monitoring and context—all of which are essential, specific descriptors for intervention
process evaluation. Data from several sources (protocol and study reports) were synthesized to build the
theoretical model around the different intervention components. The theoretical model was planned to
be constructed in a participatory manner with the involvement of the research team and other
stakeholders to arrive at a final consensus-based model, but due to COVID-19 pandemic constraints, this
could not be achieved. Consequently, I constructed the theoretical model based on my own analysis of

all project logs.

3.2 Context

3.2.1 Study area (Girardot-Colombia)

“Girardot Aedes-Free” intervention was scaled-up in Girardot, a municipality located to the southwest of
the province (department) of Cundinamarca in Colombia. Girardot is the largest and most important
municipality in its province. It is at 289 meters above sea level (MASL), has an area of 130 km?, a total
population of 104,476 and a population density of 821,68 hab / km2 (4). It is characterized by a bi-modal
rain regime (two rainy seasons from March to May and from October to November) and has a mean
precipitation of 1220 mm, a relative humidity of 66.4% and a mean temperature of 33.3 °C (5,6). Girardot

is divided into five urban communities: 1. Center (15 neighbourhoods); 2. South (16 Neighbourhoods);
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3. The West (36 neighbourhoods); 4. North (42 neighbourhoods); 5. East (24 neighbourhoods)—and two

rural zones: 1. Barzalosa and 2. San Lorenzo.

Girardot's main economic activities are retail (58%), services (mostly restaurants and bars (36.5%), and
hotels and hostels (10%). Girardot has earned a reputation as a "tourist city" for residents of Bogota
(capital of Colombia) mostly because of its tropical climate. The population can increase by three times

its usual size during brief intervals like extended weekends and vacation times (7,8).

There is a clear division of non-residential land uses (university campus, undeveloped lands, and sport
complex). Block shape, extension, and orientation of the residential areas are varied and fragmented (by

parks and undeveloped terrains) but well connected by main streets (Figure 3.1).

Figure 3.1. Urban Morphology of Girardot

Source Gabriel Leaiio

The conditions of residential areas can be described as a mixed pattern of official and informal residential
dwellings, as well as second residential dwellings (used only on weekends or vacation times). Low
socioeconomic strata homes tend to cluster along the banks of the Magdalena and Bogota rivers, while

more formal habitation is found closer to the city center. A collection of new structures (from various
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socioeconomic strata) are situated near the western boundaries of the municipality. Nearly half (49.5%)

of the population owns their home; the remaining residents either rent, sublet, or lease their homes (9)

More than half (80%) of the population inhabits households from socio-economic strata 2 and 3 followed
by stratum 1 according to the socio-economic stratification system of households’ physical
characteristics (land use, public utilities, access to routes) and geo-economic aspects (land valuation) of
dwellings (10, 11). This system proposes 6 socio-economic strata, 0 being the lowest and 6 the highest.
The main purpose of this stratification is to set various rates for public services in accordance with the
solidarity principle with residents in high stratum (strata 5 and 6) paying higher rates to subsidise
residents of lower socio-economic status (strata 1 to 3) (12). In Girardot access to public services is not
a major concern, reporting an important coverage of domestic piped water supply (65.3% in strata 1 and
over 80% in strata 2 and 3) (10,11). Figures 3.2 A, B and C illustrates the physical characteristics of
residential areas per stratum. It can be depicted mainly good housing conditions. Predominantly
residential areas of some multi-story buildings. More over 80% of the one-story dwellings had backyards,
and most had glass windows and indoor flush toilets. Recreation and green areas are frequent. It is
important to notice that stratum 1 residential areas are concentrated following the Magdalena’s and

Bogotd’s river banks and are more likely to be informal settlements.
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Figure 3.2 Physical feature of dwellings and streets representing socio-economic strata 1 (A), strata 2
(B.) and strata 3 (C)
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3.2.2 Dengue epidemiology of study area

Between 1999 and 2010, dengue cases were reported in more than 66% (1,112) of the municipalities of
Colombia (13). The Colombian state of Cundinamarca has been recognized as one of the most prevalent
areas for the DENV, with DENV endemic in 84% (48/57) of the municipalities. In four of these
municipalities DENV was hyperendemic, and Girardot accounted for 30.9% of dengue cases in
Cundinamarca with all four DENV serotypes circulating (14). It was one of the 18 Colombian

municipalities that, between them, accounted for 50% of dengue cases during the period 1990 to 2010.

Between 2010 (1stepidemiological week) and 2017 (33rd epidemiological week, end of the study
period), 3,193 suspected dengue cases were reported to the surveillance system of Girardot, of which
99.6% were clinically classified as dengue. During this period a mean of 1.93 dengue cases were reported
per day (range 1 to 14) although only 198 (6.2%) were laboratory-confirmed. Figure 3.3 shows three
outbreaks over the course of 8 years. During 2010, 487 dengue cases were reported, 708 cases in 2013

and 532 in 2014 (14).

Number of dengue cases

Months per year

Blue line: number of dengue cases; green dashed line: deseasonalized frequency; orange line: central moving average; solid
green line: number of dengue cases during study period; dark blue line: dengue cases per study sectors 1 and 2.

Figure 3.3 Number of reported cases in Girardot, Colombia 2010- 2017

Slightly more men than women were affected by dengue (1690, 52.9%). The mean age for dengue cases
was 21.6 years (Figure 3.3). More than half (55.3%, 1768) of dengue cases were under 16 years old. The
age-groups that reported higher dengue cases were those between 0 and 5 years old (587) and 6 and 10
years old (720) (Figure 3.4).
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Figure 3.4 Distribution of reported dengue disease cases according to age and sex, Girardot, 2010-2017.

In addition, as Girardot presents an eco-epidemiological and social niche propitious for a sustained
transmission of dengue (15,16). Other Aedes-borne transmitted diseases—Chikungunya and Zika— (17)

have also recently circulated there.

3.2.3 Aedes aegypti in Girardot

Ae. aegypti has been reported by different local studies as the principal vector in the municipality of
Girardot (15,16,18). The studies carried out report a PPI over threshold transmission levels (PPI: in wet
season 1 and in dry season 1.3), and a Breteau index above risk levels (in wet season 39.8 and in dry
season 29.2) (18). Ae. aegypti’s productivity is mainly associated with storage of water in uncovered large

cement containers known as ‘albercas’ and accounts for more than 70% of the pupal production (18).

In studies about water storage in Colombia, an association was found between the householder
occupation and the method of storage (OR: 2.6, 95% CI: 1.5-4.3). People who have been informed about
actions to prevent dengue (OR 1.7,95% CI: 1.02-2.87) are less likely to store water (19).
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A study conducted in Girardot by Garcia-Sanchez, D.C. et al. (20) demonstrated that the establishment of
habitats for immature Ae. aegypti in the most productive container (albercas) is regulated by biotic and
abiotic factors and interactions between these factors. The authors showed that the occurrence of
detritus was greater and the container volume was smaller in the tanks that were positive for larvae and

only Cyanobacteria had a positive correlation with the abundance of immature-stage Ae. aegypti.

3.3 Vector control frameworks

Vector control programmes are defined as priority diseases and a Ten-year Public Health Plan 2012-2021
(21) dictates that each territory must implement the Integrated Management Strategy (IMS) for the
surveillance, promotion, and control of VBD (22). Vector control programmes in Colombia are operated
through a central programme coordinated by the Ministry of Health and Social Protection (MoH) and are
operationalized at subnational levels (provinces, district, or municipalities) programmes as established
by the Law 715 of 2001 (23). Law 715 of 2001 defined the allocation of responsibilities and resources
consistent with a territorial categorisation. Subnational entities are classified into six categories,
according to their population, tax revenues, economic importance and geographical location (category 1
with highest population (more than 100.000 inhabitants) and tax revenues and category 6 with lowest
population (less than 10.000 inhabitants, and less tax incomes). Therefore, municipalities in categories
1, 2 and 3—if certified by the MoH—have the autonomy to receive and directly execute the financial
resources to develop their prevention and control programs. Category 4, 5 and 6 municipalities are
province-dependent for both the allocation of resources and the execution of the VBD programme.

Girardot is category 1, therefore has the autonomy to plan and execute VBD actions (24).

Funds for the operation of the VBD programmes are transferred to territorial entities by the MoH through
the General Participation System (SGP) (23). According to Articles 356 and 357 of the Political
Constitution of Colombia, as amended by Legislative Acts 01 of 2001 and 04 of 2007, the General
Participation System corresponds to the resources that the Nation must transfer directly to the
territorial entities (provinces, districts, and municipalities) for the financing of the services they are
responsible in education, health, public services, housing, agriculture and livestock, transportation,
environment, prisons, and sports. In terms of sectoral distribution, 58.5% is allocated to education, 24.5%

to health, 5.4% to potable water and 11.6% to general purpose or other sectors.
With respect to the health component, the MoH allocated and distributed the SGP resources in the

following components: 1. 87% for the health insurance component for affiliates of the subsidised regime

(people without payment capacity) and 2. 13% for the Public Health.
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For VBD resources are used to cover costs for personnel and consumable resources. The budget does not
make allowance for the use of chemical products, that are supplied when necessary (during outbreaks)

by the province of Cundinamarca.

The IMS for dengue in Girardot (22) was implemented in June 2013 after an outbreak of dengue earlier
that year. This strategy emphasizes daily (rather than weekly) notification of cases by health institutions,
the use of mosquito nets as an outpatient management strategy, training of health staff in the clinical
management of dengue, and serology testing for the detection of anti-dengue antibodies (IgM) in all

severe dengue and dengue cases with signs of alarm, as well as in 10% of dengue cases.

3.4 Vector control interventions in Girardot
3.4.1 Llocal vector control programme

In Girardot, as is the case for the rest of Colombia, the local programme uses the epidemiological and
entomological information available to evaluate, identify and prioritize risk areas to implement vector
control (25). Vector control in Girardot, while limited, is conducted through the integration of several
approaches (25). Control efforts include sporadic vector suppression, based on monthly entomological
surveillance data, with ULV fogging machines. There is also widespread application of temephos in water
containers as a larvicide. Source reduction is conducted by designated technicians at the local
municipality level and complemented by mobilization of communities to assist with environmental
sanitation (elimination of mosquito breeding sites). Although few have been launched, behaviour change
campaigns are another element in the fight against Ae. aegypti. During the Zika outbreak in 2015/16 that
affected several countries in South America, Girardot focused its efforts on risk communication and
community mobilization. They launched “Familias que transmiten vida”, a strategy to control hotspots,

raise awareness among communities and engage them in the elimination of breeding sites (26-28).

The Health Secretariat has a Public Health office and an Epidemiology division that are responsible for
surveillance, control, situational analysis, and planning of VBD interventions. The guidelines for VBD
interventions are defined in the “Plan de Intervenciones Colectivas (Plan of collective interventions)”.
The VBD control program has 14 officers: 2 social workers, 11 VBD technicians and a coordinator
(Environmental engineer). The social workers support educational activities with community leaders,
school boards and other closed community groups. VBD technicians, with the support of health
promoters, oversee regular activities (daily households visits) to calculate traditional entomological
indexes. In addition, in the presence of any dengue case, they carry out focused visits. The coordinator
monitors all activities performed. Public health and epidemiology officers give the coordinator a weekly

list of reported cases to be visited.
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For carrying out vector control activities, Girardot has been divided into 8 sectors. Each sector
corresponds to approximately 15 neighbourhoods. Each technician and or social worker is assigned to a

sector and must make daily visits to 40 houses (200 weekly visits).

The regular activities of the VBD programme are carried out daily and consist of inspection of the house
for water-holding containers, calculation of entomological indexes, distribution of temephos in ground
tanks, health education (how to wash tanks and collect all potential breeding sites) and communication
activities (television and radio slots transmitted by the municipality TV channel). Focused visits are
carried out weekly, according to reported cases. In the presence of a positive case of severe dengue, the
household is inspected, as well as six blocks around the positive case. This corresponds to approximately
40 houses. If an increase in entomological indexes is evidenced, indoor and outdoor space spraying with

malathion of houses and public spaces is performed.

3.4.2 “Girardot Aedes-Free” Intervention

A key feature of the Girardot Aedes-Free intervention under study here is that it was delivered collectively
to the population of sectors 1 and 2 (Figure 3.1.) and can be defined as a complex community-based
intervention (29-32), where different components interact at different levels (household, school,
community and institutional/sectoral)within the community where different actors interact and

participate.
Intervention levels

At the household level, the actions consisted mainly of implementing insecticidal covers for large water-
holding containers that were previously designed through workshops within the community as
described in Garcia-Betancourt et al. (33) and tested for its acceptability, uptake and efficacy as presented

by Quintero et al. in 2015 (34).

The ITCo for large water containers were made of PermaNet (Vestergaard-Frandsen, Denmark), factory-
treated with long-lasting insecticide formulation of deltamethrin (50 mg/m2). The covers were a
standard white and blue colour and were developed from pre-packaged curtain or bed-net material.
Figure 3.4 shows two types of covers—Photographs A: the water container cover for rectangular or
square cement containers of at least 200 L capacity (this cover is made of an aluminium frame, LLIN and
a sliding mechanism for opening both doors tailored according to the different sizes and shapes of the
water tanks); and Photograph B: the circular water cover for plastic containers (this cover is made of
LLIN and rubber attached to a waterproof fabric for plastic and cement cylindrical containers that can

store more than 200 L (Figure 3.5 A and B, and Appendix C2).
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A: Aluminium frame water container cover B: Circular cover

Figure 3.5 A and B. Types of Insecticidal container covers

The design, manufacture, and installation of the rectangular insecticide-treated metallic covers (IMC) was

carried out in collaboration with a local small business, and three dressmakers made the circular

insecticide-treated covers (CIC)—in each case supervised by the research team. Six criteria were

indicated by the research team for the construction of the covers (Table 3.1).

Table 3.1. Criteria for the design and manufacture of Insecticidal container covers

Criteria

Description

User friendly

Designed lids should be easy to use by all house members.

Fixed installation

The lid must be fixed, it must not be removed, although it must be able to be
opened and closed, either with side opening, folding, or sliding. (See photographs

and diagrams in Figure 3.4 A and B)

Easy container

The cover design should allow for an easy water-holding container cleaning

cleaning process process. (The tank opening with the lid installed and fully open should be, as far
as possible, equal to the initial water-holding container opening without the lid
installed.

Durability The quantity and quality of the installed materials should be such that the tank
lid will last as long as possible—in particular, rust-proof hinges, screws, and
rivets should be used.

Space tight The lid should prevent the vector from entering to lay eggs.
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Alongside the implementation of the water container covers within households, information, education
and communication (IEC) activities were conducted concerning the prevention of breeding sites, the

washing of water-holding tanks and the care and appropriate use of the covers.

Two schools were involved—Instituto Kennedy and Institucién Educativa Policarpa Salavarrieta—both
located in Sector 1 of the study area of the study area corresponding to socioeconomic strata 1 to 3.
Teachers, parents, and students from tenth and eleventh grades of both institutions were invited to
participate in three information and educational workshops: 1. Design and development of screens for
classroom doors and windows (13 participants), 2. Mosquito identification and myths regarding
arboviruses (30 teachers and parents), and 3. Design of a prevention and control measures information

banner (17 participants).

In addition, 14 students from Institucién Educativa Policarpa Salavarrieta under the mandatory social
service participated in community mobilization, I[EC activities and entomological follow-up visits in
households and public spaces during the introduction of the insecticide-treated container covers in

households.

Community-based actions were principally focused on enhancing the participation of the leaders of the
local community action boards by involving them in the intervention areas and encouraging them to join
efforts to streamline and implement intervention actions in families, as well as to spread the importance

of addressing the vector control actions.

At the sectoral level, work was done on shaping and strengthening the political will of the different
municipal sectors and actors, towards the prevention and control of VBD. This work resulted in the
creation of a multisectoral and intersectoral committee (MSC) for the promotion, prevention and control
of VBD through a municipal agreement promoted by the Municipal Secretariat of Health (MSH) on
September 7, 2017 (35) (Figure 3.6). The health, tourism, education, infrastructure, planning and
financial sectors of the municipal administration were all involved in the committee, as well as
representatives from the private sector, civil society, and community leaders. A steering committee was
created, and goals and objectives were established, with the project research team serving as primary
coordinators. Diverse sectoral actions were proposed and are detailed in Chapter 7 which addresses the

development and sustainability of such multisectoral and intersectoral action collaboration.
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Figure 3.6. Multi and Inter- sectoral committee members and logo type

All implementation activities at all intervention levels were coordinated and carried out by a
multidisciplinary research team composed of 1 field supervisor, 1 field coordinator, 4 field technicians
(environmental engineers), 1 social worker, 14 school students and 8 researchers from different
disciplines (epidemiologists, anthropologists, environmental engineers, business administrators,

biologists, and entomologists).

Intervention areas

Girardot was divided into 4 sectors (Sector 1 - Sector 4) (Figure 3.7 A). A sector was defined as an area
that includes several neighborhoods with similar physical and sociodemographic characteristics. The
spatial and social unit of the intervention was a neigborhood. A neighborhood was defined as a
differentiated territory that shares physical (urban morphology), historic and social characteristitcs and
has its own dynamics. Each sector was divided into intervention, buffer (100 meters) and control zones.
Intervention zones included clusters from the previous Cluster Randomized Control Trial (cCRT). The
intervention was implemented in Sector 1 (Kennedy) that included 4 clusters of the previous cCRT (3
control clusters and 1 intervention cluster), and in Sector 2 (North) that included 5 clusters (2
intervention clusters and 3 control clusters) that corresponds to socio-economic strata 1 to 3 (according
to the physical characteristics of the dwellings, streets, including construction materials and access to
basic infrastructure public services ). Furthermore, the majority (81.6 %) of householder’s report
household income between one and two minimum wages (US$ 276= 1 minimum wage) followed by

11.6% that report household income lower than one minimum wage.

Due to their correspondence to the lowest socio-economic strata, the research team and health officials
chose to begin implementing the intervention in these two sectors. Tables 3.2 and 3.3 present the

characteristics of both sectors, comparing intervention and control areas.
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Figure 3.7 Map of Girardot and study sectors

Table 3.2. Characteristics of Sector 1 “Kennedy”

Characteristics Total of the area Intervention Control

Number of clusters from previous CRT 4 4* 0
Number of households 4090 2087 2003
Number of sampled households (minimun

1350 689 661
33% of household with albercas)
Number of entomological surveys 1350 689 661
Households followed-up 723 343 (49.7%) 380 (57.5%)

*3 control 1 intervention clusters

69



Table 3.3. Characteristics of Sector 2 “North”

Characteristics Total of the area Intervention Control
Number of clusters from previous cCRT 5 5* 0
Number of households 4832 3502 1330
Number of sampled households (minimum 1321 1155 291
33% ofhousehold with albercas)
Number of entomological surveys 1319 1030 289
Households followed-up 510 424 (51.2%) 86 (295.5%)

*2 intervention 3 control clusters

Implementation phases

The scaling-up of “Girardot Aedes-Free” encompasses three distinctive phases that have been proposed

in intervention evaluation models/frameworks: 1. Pre-implementation phase (planning and setting-up

of activities); 2. Active implementation (action phase); and 3. Sustainability or appropriation phase (1).

“Girardot Aedes-Free” intervention took place between July 7, 2015, and July 27, 2018. Figure 3.8 shows

the period of time time when study activities ocurred.
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Figure 3.8 Timeline of scaling-up implementation phases of Girardot Aedes- Free intervention

a. Pre-implementation or set-up phase (2015)

Consisted of identifying the target population, adopter audiences, key partners, initial spread of the
intervention and communication strategies. During this phase the research team was consolidated, the
type of study design was defined (quasi-experimental with control group), and intervention and control
areas selected. Actions aimed at building coalitions with local stakeholders and authorities were initiated
through a multisectoral workshop conducted over two days, July 22-23, 2015. Preliminary objectives and

goals were set during this workshop.

Diverse communication materials were discussed and designed for different audiences as tools to
promote and support intervention socialization, VBD prevention and control awareness (Table 3.4) (See
Appendix C, Table C-1). The communication materials were implemented mainly in the implementation

phase described later.
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Table 3.4. Information and communication materials

Material

Description

Target audience

Three bulletins or

newsletters

Short statements of news about
project activities and general
health recommendations. The
document was divided into 5

sections: Project progress; Voice

from the community; VBD
prevention and control
measures; general health

recommendations; and future

project activities.

Community members and key

partners

Two brochures

Including critical information
about the details of the
intervention and products and

services provided by the project.

Key partners: national, regional,
and local authorities from

different sectors.

461 almanacs

Annual publication listing a set of

current  information  about
dengue and vector control
activities developed in

conjunction by research team

and State Secretariat of Health

Household members

1580 information sheets

(“tapaylavalatapa”)

Providing information about

proper use and care of covers.

Household members

40,000 Flyers Providing information about Tourists at hotels and land
recommendations for Aedes- transportterminals.
related diseases prevention and
control measures

28 Posters Printed sheets containing Community members
information  about  project

activities, number of covers

installed and contact data,
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posted in public spaces of study

sector neighbourhoods

1 School banner: “Adedes-Free  Graphic piece embodied on a Teachers, parents, and students
School” wall that provides information from Instituto Kennedy

about guidelines for Aedes-

related diseases prevention and

control

b. Action phase or implementation phase (2016-2017)

Monitoring occurred throughout the action and implementation phase. The enactment activities
principally focused on the installation of water container covers and the establishment of the MSC along

with the implementation of the communication materials designed in the pre-implementation phase.

Covers were installed in the period December 4, 2015 through to February 24,2017. On average, 1.5

covers per premises were installed that corresponds to 63% of premises in sectors 1 and 2 (Table 3.5).

Table 3.5. Number of insecticide-treated container covers installed per sector

Sector 1 Sector 2 Total
Total of premises 2625 3502 6127
Premises reached for installation 2086 1750 3836
Premises with albercas 2083 1744 3827
Number of albercas 2165 1796 3961
Number of aluminium covers installed 2148 1786 3934
Round covers delivered No data available per sector 1774
Median time duration for aluminium 45 min (the full
cover installation range was from
10 min to 3
hours)

The monitoring activities involved four meetings with 47 community members (community leaders and
intervention beneficiaries) held during April and September 2016 in three neighbourhoods of sector 1
(Portachuelo, Kennedy and Triunfo) and five neighbourhoods of sector 2 (San Jorge, Obrero, Santa Fe,
Esmeralda 3 and Santa Isabel). These meetings served as an opportunity to communicate intervention

objectives and progress, educate about VBD prevention and control measures and to request information
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regarding satisfaction and suggestions for ways in which intervention could be improved. In addition,
field research staff carried out entomological follow-up and cover installation surveys in targeted
premises. Follow-up entomological surveys were carried out between January 1, 2017, and August 11,
2017 in 1580 premises (882 in sector 1 and 698 in sector 2) and cover acceptability surveys began on
January 17,2017,and ended on December 13, 2017 reaching 652 households in sector 1 and 593 in sector
2 (Figure 3.8). School students promoted the intervention, educated in the proper use of the water-
holding container covers (students had first been educated in the proper use themselves before helping
to promote the intervention), raised awareness by placing posters around neighbourhoods and

participated in entomological follow-up surveys.

The MSC was stablished on December 7, 2016, after 11 committee meetings, the last meeting being held
in December 2017. During the MSC meetings diverse vector control actions were proposed and carried

out per sector involved. Most of the actions proposed by the MSC were delivered during this action phase.
c. Sustainability phase (2017-2018):

This third phase comprised the activities needed to ensure the continuation of the change process
triggered by the previous two phases and as a precondition for achieving sustained long-term effects.
Since the beginning of the design of the intervention under study, the research team had been preparing
for building actions towards sustainability. The intervention was designed and conducted under an

Ecohealth approach. (36,37).

One of the main strategies was the implementation of the process of vertically scaling-up the intervention
by promoting the development of an MSC. In addition, the research team carried out 3 meetings with the
mayor of Girardot for him to take over the responsibility for the continuation of processes, and a closure
meeting to which diverse stakeholders of Girardot were invited (July 27, 2018). In this meeting, presided

over by the Municipality Mayor, the research team presented and discussed study results.

Intervention theory of “Girardot Aedes-Free “

Before presenting the theory of the intervention and its different components specific descriptors (3) of

the intervention are presented in Table 3.6.
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Table 3.6. Specific descriptors of “Girardot Aedes-Free” intervention

Descriptors

Definition

What (procedures,
activities, and/or
processes used in the
intervention)?

Raise awareness and strengthen knowledge on dengue and other
Aedes-borne diseases through information and communication tools
Multisectoral and intersectoral collaboration

Environmental management through targeting productive Ae. aegypti

breeding sites

How (modes of delivery)?

Materials: posters, brochures, flyers, and banners

School workshops

Institutionalization of a multisectoral and intersectoral action
committee

Door-door customizing Insecticide treated material lids for productive

containers

How often?

During December 4, 2015, to February 24, 2017. 1.5 container lids per

household and communication materials delivered

To whom?

Community at different levels: school, neighbourhoods, tourists,

householders

Who (Intervention
provider)?

Non-profit organization with local institutions representing different

sectors

Where (Context)?

Hyperendemic dengue municipality in Colombia

The theory of the intervention revolved around the following four components that interact at different

levels and are illustrated in Figure 3.9:

1. Multisectoral action mobilization: different actors were identified and contacted to start a joint

action collaboration.

2. Community action: consisted in carrying out activities for and with the community. These

activities focused in promoting participation of community leaders, schools, and household

members. In addition, environmental management through targeting Aedes-productive

containers.

3. Operational planning: study set-up, training and designing education and communication tools.

4. Monitoring and evaluation: carried out by the research team consisted in weekly meeting

between research team members, field visits to field team members, three visits to households

during baseline activities, covers implementation and follow-ups surveys.
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The expected proximal (intermediate effects) resulting from the interaction of these components were

increased community awareness and knowledge about dengue and other Aedes-borne diseases and

capacity for action, institutionalization of a multisectoral and intersectoral committee and policy

development through multisectoral collaborations, as well as the institutionalization of the intervention

in the local health programme. The continuing environmental control of Ae. aegypti and sustainability of

other vector prevention and control actions was predicted to result in a reduction in vector density and

dengue transmission.

Context: hyperendemic dengue area - Ecohealth approach -
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Household

| Activities per level ‘
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Figure 3.9 Theoretical model for “Girardot Aedes-Free” intervention
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Chapter 4 Study 1. Evaluation of the effectiveness of insecticide-
treated container covers as a household environmental
management tool for Aedes aegypti control

4.1 Outline

This chapter, corresponding to Study 1, assesses the effectiveness of ITCo (as the principal household-
level action of “Girardot Aedes-Free” intervention) targeting productive breeding sites for reducing Ae.
aegypti density. This study relates to Research Question 1: What is the effectiveness of a community-
centred environmental management intervention in reducing dengue incidence and Ae. aegytpi

populations in a hyperendemic municipality of Colombia.

4.2 Introduction

Ae. aegypti is anthropophilic and highly adapted to urban environments. It shows a preference to
reproduce in a wide range of artificial and natural containers with fresh and clean water. High
productivity of immature stages of the vector, is associated with water storage in uncovered large
household containers (1-7). Ae. aegypti control has become challenging due to urbanisation and
environmental conditions such as weak infrastructure, poor sanitation and lack of vector control

programme implementation and sustainability (8-12).

Available vector control tools, having varying degrees of efficacy, include the use of biological agents,
application of chemical products and environmental management (13). The latter method entails
emptying or destroying water containers, cleaning vector breeding sites, using container covers (with or
without insecticide-treated materials), applying waste management strategies, implementing

community-based clean-up campaigns, and the installation of piped water supply (14).

Among the most recent environmental management strategies related to the control of containers, is the
use of insecticide-treated materials (ITM) as covers for the most productive breeding containers. This is
a strategy that aims to impact vector populations by treating only water containers that produce the
greatest number of pupae with an additional control effect (mechanical barrier for oviposition and adult
emergence and insecticidal effect); the strategy also has potential for effective community-level dengue

control.
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ITMs use synthetic pyrethroids which are one of the group of insecticides currently recommended for
the treatment of nets. Deltamethrin and permethrin are the two most common active ingredients, which
are used due to their favourable safety profile and biological performance. Deltamethrin is particularly
suitable for use in the impregnation of nets since it is effective at very low doses. ITMs also vary in the
type of material used in their manufacture. Currently they are manufactured from either polyester or
polyethylene. These two types of plastics differ in their attributes, which can influence either the

durability of the net or the comfort that is experienced by the user.

The literature regarding ITM for the control of Ae. aegypti provides evidence that these materials used as
covers for productive breeding containers show promising results in the reduction on Ae. aegypti
densities and potentially on dengue transmission. For example, a cRCT conducted in Venezuela and
Mexico (15) using curtains in combination with container covers showed that, in Mexico, PPI fell from 3.4
at baseline to 0.36 after a year and, in Venezuela, from 3.0 to 0.3, both reductions being significant. The
study in Venezuela also reported significant results in DENV seroprevalence data. DENV IgM
seroprevalence decreased from 16% at baseline to 8% after the intervention. Quintero et al. (16), in
Colombia, reported a significant reduction in Breteau index (from 14 at baseline to 6 post-intervention)
after 6 months of intervention (curtains), and a significant reduction in intervention clusters and an

increase in control clusters for PPI after the second intervention (covers).

Other studies conducted by Rizzo et al. (17) and Tun-Lin et al. (18) reported variable results. The study
conducted by Rizzo et al, in Guatemala concluded that ITM curtains and jar covers substantially reduce
almost all entomological indices, except in the case of the container index where no statistically
significant differences were observed. Tun-Lin et al’s study conducted in Venezuela reported no
significant differences for PPI reduction after the intervention (PPl intervention group: -6.6%, PPI control
group: -13.0%) and a comparable increase in Bl for intervention and control group (BI: intervention

group: 25.9%, BI control group: 30.3%).

Additionally, ITM are being used for the control of Ae. aegypti as window screens or curtains with
promising results in the reduction on Ae. aegypti densities and on dengue transmission, although results
are dependent on protective practice, coverage and the characteristics of the site (16,17, 20-29) (See
Appendix Table A-3,). These materials target the adult mosquito, epidemiologically the most important
vector stage. ITMs used as door and window screens were tested in Merida, Mexico by Chez-Mendoza et
al. in 2015 (23). The study showed a significant difference between intervention and control clusters in
all Stegomyia indicators and PPI. Likewise, in 2015, Manrique-Saide et al. (24) conducted a cRCT in
Acapulco, evaluating screens. The study reported a decrease in adult infestations after 5 months in
intervention clusters that was maintained a year after intervention. On the other hand, a cRCT conducted

in Thailand that evaluated only the use of curtains did not find significant differences in entomological

82



indexes between intervention and control clusters (27). In Peru, a study conducted by Lenhart et al. (20)
showed that there were no statistically significant differences between ITM and non-ITM clusters among
entomological indicators and DENV seroconversion data showed that individuals within intervention
clusters were at greater risk of seroconverting to dengue virus (seroconversion rate of 50.6 per 100
person-years (CI: 29.9-71.9), compared to individuals in the control arm that had an average

seroconversion rate of 37.4 per 100 person-years (Cl: 15.2-51.7).

This study aimed to investigate the effectiveness of household-level action where insecticide treated
water container covers were designed and distributed to Ae. aegypti productive containers through

community actions as part of Girardot Aedes-Free intervention.

4.3 Methods

4.3.1 Intervention components and context

As described in Chapter 3, household-level actions of “Girardot Aedes-Free” intervention consisted in the
distribution of ITCo for the most productive Ae. aegypti breeding sites (Figure 4.1). In the study area, Ae.
aegypti productivity is strongly associated with the storage of water in uncovered cement containers

known as “albercas”. This type of container accounts for more than 70% of pupae production (1).

Figure 4.1. Productive Ae. aegypti breeding sites (“albercas”) covered with insecticide treated

materials
5708 ITCo were distributed between December 4th, 2015, and April 10t, 2017, in study Sectors 1 and 2.

At the time of ITCs deployment, the epidemiological surveillance system of Girardot reported 384 cases

of dengue and severe dengue. In addition, in October 2015, the Zika virus had spread through Girardot

83



and between the 15th of December 2015 and January 15th 2016 the highest number of cases were
reported (29,30). In response to this emergency, local government vector control activities occurred all
over the municipality with a breeding-site reduction campaign, larviciding with temephos, and

implementation of a community mobilisation strategy called “Familias que transmiten vida” (31).

4.3.2 Study design

A secondary data analyses was considered for the evaluation of the effectiveness of ITCo (one of the
various components of “Girardot Aedes-Free” intervention) in reducing Ae. aegypti entomological indices
and the evaluation of the acceptability of ITCo by household members. For analysis the following data
from the datasets of the project “Ecobiosocial approach for the design and implementation of a sustainable

strategy for dengue vector control in Colombia” were used.

a. Acceptability database: this dataset includes information collected by a survey (Appendix D1)
administered to 1163 household members that received ITC, between January 17t, and
December 13t, 2017. The information includes conditions of container covers, peoples’

perceptions and satisfaction, use of covers, and use of other vector control tools.

b. Household and public space database: this dataset contains information from cross-sectional
surveys conducted in households (Appendix D2) and public premises (Appendix D3) from
intervention and control areas both, before and after implementation. Baseline surveys were
conducted between July 7th, 2015, and January 31st, 2017, and endline surveys between January
31st, 2017, and August 12th, 2017, (12-18 months post-intervention) by trained field staff. The
surveys assessed information regarding the ITCo installed, types of containers, characteristics of
containers, presence of immature vector forms, and number of pupae as well as information

regarding household and public premises characteristics as well as other vector control practices.

Baseline entomological surveys were conducted in 2669 premises (1350in Sector 1 and 1319 in
Sector 2). 56.1% (n=1497) of pre-intervention households (2669 premises at baseline) were

inspected during post-intervention surveys (Figure 4.2).
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Total Proposed Baseline Endline
inspected inspected
M households Sample households households
n=7186 n=2671 n=2669 n=1497
Intervention 2087 689 689 550
E
Control 2003 661 661 332
Intervention 1750 1030 1030 532
E
Control 1330 291 289 83

Figure 4.2. Number of pre-intervention and post-intervention entomological household surveys

4.3.3 Data management and analysis

The dataset available in a spreadsheet in CVS format was cleaned using Excel and Stata/SE 16 software
(StataCorp, College Station, TX, USA). 5 % of paper baseline surveys (n=75) and follow-up surveys
(n=133) were reviewed by checking validity of entered values to the Excel data sets. Cleaned Excel data

sets were transferred to Stata for exploratory and statistical analysis.

a. Acceptability data: a descriptive analysis was conducted presenting data as frequencies and
percentages. Acceptability was understood in terms of the perceptions among household
members about cover satisfaction, use, perceived effectiveness, willingness to purchase and

willingness to recommend to others.

b. Household and public space data: a descriptive analysis of baseline and endline characteristics
was performed for each study group (intervention and control), per sector (Sector 1 and Sector
2) and time of evaluation (before and after intervention). Different entomological indicators were
calculated for households and public spaces (Table 4.1). In addition, pupal productivity was
calculated for different container types, as the total number of pupae in the container type,

divided by the total number of pupae in all containers, multiplied by 100.
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Table 4.1. Entomological outcomes

Outcome

Definition

Positive containers for larvae +

pupae

Number of accessible containers with larvae and pupae

Positive containers for pupae

Number of accessible containers with pupae

Positive households for larvae +

pupae

Number of households with larvae and pupae

Positive households for pupae

Number of households with pupae

House larvae + pupae index (HI)

Number of households with Ae. aegypti immatures / total
number of 100

households

inspected households per inspected

House pupa index (HIp)

Number of households with pupae / total number of inspected

households per 100 inspected households

Container larvae + pupae index

(cn

Number of containers with Ae. aegypti immatures / total

number of inspected containers per 100 inspected containers

Container pupae index (ClIp)

Number of containers with Ae. aegypti pupae / total number of

inspected containers per 100 inspected containers

Breteau larvae + pupae index (BI)

Number of containers positive for Ae.

aegypti immatures/houses inspected) x100

Breteau pupae index (Blp)

Number of containers positive for Ae. aegypti pupae/houses

inspected) x100

Pupae per person (PPI)

Number of pupae collected/persons living in each sector and

area were computed at the sector level.

Relative and absolute frequencies were calculated, as well as central trend and dispersion measures. The

impact of treatment on each entomological metric was analysed initially by evaluating the difference

between control and treatment areas across the sector and survey dates with Fisher or Chi-squared test

(for qualitative data), or t-Student or Mann Whitney tests (for quantitative data), according their

distribution. In addition, the difference-in-differences (DID) and difference-of-endpoints (DOE) were

calculated. The first was calculated comparing the differences before and after the intervention between

the intervention and the control group, and the second comparing the endpoint measures between the

intervention and the control group. Both effect measures (DID and DOE) were calculated for Bl and PPI

in each study sector using measures at baseline (b) and endpoint (e) separated by intervention (I) and
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control (C) group according to the following formulas: DID Bl= (Ble—Blyi)-(Blec-Blyc), DID PPI =
(PPIei—=PPIyp)-(PPlec—PPlyc), DOE BI = Blei-Blec and DOE PPI = PPIe—PPlec

Furthermore, bivariate, and multivariate exploratory analyses were used to estimate the impact of
interventions in the presence of larvae and pupae of Ae. aegypti, adjusted by possible confounding factors
and covariables (sector, season, container water capacity, localisation of container, top coverage of
container and household income) according to the contextual relevance of these factors in both
households and public spaces. These analyses were based on arobust logistic regression. Model
assumptions were validated through a linearity test, the Hosmer-Lemeshow test, estimation of deviance
residuals and leverage values, and comparison made between the crude and the adjusted models.
Hypothesis testing to determine the level of statistical significance was carried out using a 95%

confidence interval and a P value less than 0.05 (P<0.05).

4.4 Results

4.4.1 Acceptability

Overall acceptability of the covers was high when analysing the percentages of covers in use (84.09%)
and the overall satisfaction of covers delivery reported (92.09%). Thirteen percent (n=159) of covers
were not being used at the time of the survey. The majority of household members rated as good the
quality of cover materials (82.29%). Few household members (3%, n=37) reported that covers need

repaired regarding aluminium frames and ITM fragility (n=121, 76%) (Table 4.2).
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Table 4.2. Proxy variables of acceptability of insecticide treated covers

Householders responses N %
Type of covers installed

Aluminium covers 1194 99.67

Round covers 4 0.33

Total 1198 100%
Covers installed currently in use

Yes 1004 84.09

No 159 13.32
Covers repaired

Yes 37 3.10

No 1150 98.88
Materials repaired

Net (mesh) repaired 21 56.76

Aluminium frames repaired 16 43.24
Reasons for not using the covers

Damage of covers 121 76.10

Elimination of water-holding container 20 12.58

Other 18 11.32

Time elapsed from installation to cover repair

3 days to 3 months

Cover easy to use

Yes 1041 89.51

No 78 6.71

NR* 44 3.78
Water-holding container easy to clean

Yes 1055 90.71

No 68 5.85

NR* 40 3.44
Satisfaction of covers delivery

Yes 1071 92.09

No 92 7.91
Quality of covers materials

Good 957 82.29

Fair 126 10.83
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Poor 66 5.67

NR* 14 1.20
Recommend changes to covers

Yes 279 23.99

No 884 76.01
Perceived presence of less mosquitoes, larvae o pupae in tanks

Yes 729 62.68

No 410 35.25

NR* 24 2.06
Decrease in purchase of insecticide/larvicides decreased since cover
installation

Yes 92 791

No 1054 90.63

NR* 17 1.46
Willingness to recommend covers to others

Yes 1085 93.29

No 61 5.25

NR* 17 1.46
Willingness to pay for covers

Yes 1012 87.02

No 133 11.44

NR* 18 1.55

NR*: no response

4.4.2 Description of Aedes aegypti indices

This section initially presents the descriptive analysis on Ae. aegypti breeding sites inspected in both
households and public areas before and after the intervention, followed by entomological indicators from
both households and public places before and after the intervention and container productivity.
Furthermore, the results of two statistical models are provided, one for household data and the other for

public places, both of which analyses the impact of the intervention in the presence of Ae. aegypti larvae

and pupae.
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a. Household Ae. aegypti breeding-sites and indices

A total of 3886 containers holding water in households of sector 1 were identified during pre-
intervention surveys (July 7th, 2015 - February 10th, 2016, in Sector 1) and 3025 in sector 2 (September
14th, 2016 until January 30t,2017) (Table 4.3). Among the 6911 identified containers, 82% (n=5639)
were accessible (Figure 4.3). In both sectors, entomological indexes were higher in control areas
compared to intervention areas. Sector 1 compared to Sector 2 reported higher indexes in both

intervention and control areas (Table 4.3).

Water tank type 1 Water tank type 2 Bucket Metallic Bucket

Figure 4.3. Type of Ae. aegypti productive containers

At endline (January 31st, 2017, and August 10, 2017), 2345 containers in households of sector 1 were
identified and 1438 in Sector 2. 81% (n= 3056) of containers identified were accessible. In both sectors,

entomological indexes were higher in control areas compared to intervention areas, although sector 1

reported higher indexes (Table 4.4).
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Table 4.3. Pre-intervention entomological indices of inspected households in sectors 1 and 2, per intervention and control areas

Sector 1 Sector 2
Characteristics and entomological indices
Intervention Control Total Intervention Control Total
n % n % n % n %
Inspected households 689 51.04 661 48.96 1350 1030 78.09 289 2191 1319
Persons 2701 51.68 2525  48.32 5226 3637 77.93 1030 22.07 4667
Total of containers 1899 4887 1987 51.13 3886 2289 75.67 736 2433 3025
Containers accessible for inspection 1558 47.85 1698  52.15 3256 1819 76.33 564 23.67 2383
Positive containers for larvae +pupae 190 45.35 229 54.65 419 199 73.70 71 2630 270
Positive containers for pupae 51 41.46 72 58.54 123 35 63.64 20 3636 55
Positive households for larvae + pupae 168 46.93 190 53.07 358 165 72.05 64 2795 229
Positive households for pupae 49 42.61 66 57.39 115 31 62.00 19 38.00 50
Estimated pupas 830 40.69 1210 59.31 2040 1085 70.50 454 29.50 1539
House larvae + pupae index 24% 29% 16% 22%
House pupa index 7% 10% 3% 7%
Container larvae + pupae index 12% 13% 11% 13%
Container pupae index 3% 4% 2% 4%
Breteau larvae + pupae index 28 35 19 25
Breteau pupae index 7 10 3 7
Pupae per person index 0.31 0.48 0.30 0.44
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Table 4.4. Post-intervention entomological indices of inspected households in sectors 1 and 2, per intervention and control areas

Characteristics and entomological Sector 1 Sector 2
indices

Intervention Control Total Intervention Control Total

n % n % n % n %
Inspected households 550 78.12 332 37.64 882 532 86.50 83 13.50 615
Persons 2065 80.53 1289 38.43 3354 1998 85.17 348 14.83 2346
Total of containers 1455 62.05 890 37.95 2345 1253 87.13 185 12.87 1438
Containers accessible for inspection 1178 61.77 729 38.23 1907 1002 87.21 147 12.79 1149
Positive containers for larvae + pupae 107 53.77 92 46.23 199 52 71.23 22 2877 73
Positive containers for pupae 39 52.70 35 47.30 74 16 80.00 4 20.00 20
Positive households for larvae + pupae 95 54.29 80 45.71 175 51 70.83 4 2917 72
Positive households for pupae 32 48.48 34 51.52 66 16 80.00 4 20.00 20
Estimated pupae 860 47.88 935 52.06 1796 223 80.80 53 19.20 276
House larvae + pupae index 17% 24% 10% 25%
House pupa index 6% 10% 3% 5%
Container larvae + pupae index 9% 13% 5% 14%
Container pupae index 3% 5% 2% 3%
Breteau larvae + pupae index 19 28 10 25
Breteau pupae index 7 11 3 5
Pupae per person index 0.42 0.73 0.11 0.15
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When analysing baseline entomological information according to seasons (dry and rainy) for sector 1,
there are slightly more containers during the dry season compared to the rainy season in both
intervention and control areas. In the dry season (July-September and January), a total of 2097 containers
were found in 841 households, accounting for 2.5 containers per house and, in the rainy season (Oct-
Dec), 1159 containers were found in 500 inspected households, an average of 2.3 containers per house.
In sector 2, no differences were found between dry and rainy seasons; in both there were 1.8 containers
per households. Entomological indices were similar between seasons except for PPI which is higher

during the dry season (0.45 vs 0.27) (Appendix D4, Table D4-1 and Table D4-2).

Endline surveys produced similar results. In both sectors, there were more containers accessible for
inspection during the dry season (1433) compared to the rainy season (912), in both intervention and
control areas. Entomological indices (all immature forms) were higher in the dry season than in the rainy

season (Appendix D4, Table D4-3 and Table D4-4).

b. Public premises Ae. aegypti breeding sites and indices

During the same study period, 1530 public spaces were inspected, and 1834 containers were found
during baseline surveys — of these, 82% (n=1503) were accessible for inspection. During post-
intervention surveys, 1517 public spaces were inspected, and 1845 containers found, of which 85.36%
were accessible for inspection (Tables 4.5 and 4.6, Figure 4.4). All entomological immature indices were
higher than household indices, especially in sector 1 (Table 4.5). During endline surveys, Ae. aegypti

indices decreased in both sectors and in both intervention and control areas (Table 4.6).

Figure 4.4. Type of Ae. aegypti productive containers in public spaces
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Table 4.5. Pre-intervention inspected public spaces in sectors 1 and 2, per intervention and control areas

Sector 1 Sector 2

Characteristics and entomological indices

Intervention Control Total Intervention Control Total

n % n % n % n %

Inspected public spaces 362 49.52 369 50.48 731 593 74.22 206  25.78 799
Total of containers 434 5191 402 48.09 836 765 76.65 233 23.35 998
Containers accessible for inspection 352 52.69 316  47.31 668 638 76.41 197  23.59 835
Positive containers for larvae + pupae 96 50.79 93 49.21 189 170 89.47 20 10.53 190
Positive containers for pupae 44 48.89 46 51.11 90 68 89.47 8 10.53 76
Positive public space for larvae + pupae 82 50.93 79 49.07 161 109 85.83 18 14.17 127
Positive public space for pupae 42 49.41 43 50.59 85 49 85.96 8 14.04 57
Estimated pupas 325 49.54 331 50.46 656 458 81.49 104 18.51 562
Public space larvae + pupae index 23% 21% 18% 9%
Public pupa index 12% 12% 8% 4%
Container larvae + pupae index 27% 29% 27% 10%
Container pupae index 13% 15% 11% 4%
Breteau larvae + pupae index 27 25 29 10
Breteau pupae index 12 12 11 4
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Table 4.6. Post-intervention entomological indices of inspected public spaces in sectors 1 and 2, per intervention and control areas

Sector 1 Sector 2

Characteristics and entomological indices

Intervention Control Total Intervention Control Total

n % n % n % n %

Inspected public spaces 327 50.08 326 4992 653 634 73.38 230 26.62 864
Total of containers 366 51.62 343  48.38 709 858 75.53 278 2447 1136
Containers accessible for inspection 288 50.70 280  49.30 568 728 79.13 240  20.87 968
Positive containers for larvae + pupae 81 45.51 98 55.06 178 114 83.82 22 16.18 136
Positive containers for pupae 25 47.17 28 52.83 53 40 90.91 4 9.09 44
Positive Public space for larvae + pupae 66 45.21 80 54.79 146 89 81.65 20 18.35 109
Positive Public space for pupae 23 47.92 25 52.08 48 33 89.19 4 10.81 37
Estimated pupas 232 39.12 361 60.88 593 523 98.31 9 1.69 532
Public space larvae + pupae index 20% 25% 14% 9%
Public pupa index 7% 8% 5% 2%
Container larvae + pupae index 25% 35% 16% 9%
Container pupae index 8% 10% 5% 2%
Breteau larvae + pupae index 25 30 18 10
Breteau pupae index 8 9 6 2
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When analysing baseline entomological information according to seasons (dry and rainy) there were
slightly more containers per inspected premises during the rainy season (0.99) compared to dry season
(0.85), in both intervention and control areas. In the dry season (January to February and July to
September) a total of 359 containers were found in 420 public premises and in the rainy season (March
to May and October to December), 309 containers were found in the 311 inspected premises. In sector 2,
more containers were identified than in sector 1, but there were more containers per inspected public
space during the dry (2.9) compared to the rainy season (1.0) (Appendix D5, Table D5-1 and Table D5-
2). Endline surveys evidenced similar results. In both sectors, there were more containers accessible for
inspection during the rainy season (836) compared to the dry season (905), in both intervention and
control areas. Entomological indices were higher in rainy seasons in both sectors (Appendix D5, Table

D5-3 and Table D5-4).

c. Household Ae. aegypti productive breeding-sites

The type of household water-holding containers found during baseline inspection are shown in Table 4.7.
The presence of Ae. aegypti pupae was reported in 6 different types of containers in the intervention area
and in 8 different types of containers in the control area. The most productive container in both sectors
(intervention and control areas) was water tank type 1 (concrete washbasins for laundry (albercas)
(Figure 4.5), which accounted for more than 90% of pupae counted (Table 4.7) (Sector 1: intervention
area 83% and control area 78%; sector 2: intervention area 92% and control area 76%; Appendix D6,
Table D6-1 and Table D6-2); followed by water tank type 2 and ground plastic containers. Mean pupae
per water tanks type 1, water tanks type 2 and ground plastic containers were lower in intervention areas

(1.01) than in control areas (1.56).

Water tank
type 1

Water tank
type 2

Figure 4.5. Types of water tanks (concrete washbasins)



Table 4.7. Baseline frequency of water-holding containers and pupal productivity in households, per intervention (I) and control (C) areas

Containers Containers with pupae Pupal productivity Container
Index*
Type of containers

I C I C I C I C

n % n % n % n % n % n % % %
Ground (plastic) 156 4.62 174 7.69 5 5.81 5 5.21 83 4.33 125 7.54 3.21 2.87

Elevated tank (plastic) 11 0.33 3 0.13 0 0 0 0 0 0 0 0 0 0
Water tank type 1 1491  44.15 708 31.30 63 7326 67 69.79 1684  87.94 1291 77.64 4.23 9.46
Water tank type 2 219 6.49 119 5.26 9 10.47 6 6.25 127 6.63 172 10.32 4.11 5.04
Jar, vessels 689 20.40 401 17.73 2 2.33 3 3.13 5 0.26 38 2.29 0.29 0.75
Buckets 552 16.35 552 24.40 3 3.49 11 11.46 9 0.47 25 1.50 0.54 1.98
Flower vases pots 101 2.99 83 3.67 4 4.65 1 1.04 7 0.37 2 0.12 3.96 1.20

Used tyres 7 0.21 7 0.31 0 0 0 0 0 0 0 0 0 0

Rainwater drain 1 0.03 0 0.00 0 0 0 0 0 0 0 0 0 0
Cans, bottles, unusable (trash) 111 3.29 171 7.56 0 0 2 2.08 0 0 6 0.36 0 1.17

Natural 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0

Gutter 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0
Other 39 1.15 44 1.95 0 0 1 1.04 0 0 4 0.24 0 2.27
Total (n) 3377 100 2262 100 86 100 96 100 1915 100 1663 100 2.55 4.24

*Number of containers with any larvae or pupae, divided by the total number of containers in that category x 100

Table 4.8 describes the pupae productivity after the intervention was implemented. When compared with baseline surveys, pupae productivity is
similar. In both sectors, water tank type 1 produced the majority of the pupae (Sector 1: intervention area 68% and control area 88%; Sector 2:
intervention area 82% control area 70%; Appendix D6, Table D6-3 and Table D6-4). The second most productive containers were water tanks type 2
— these produced 16% of pupae in intervention areas and 10% in control areas, followed by ground plastic containers that accounted for 12% of

pupae in the intervention area and 5% in the control area.
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Table 4.8. Endline frequency of water-holding containers and pupal productivity in households stratified by intervention (I) and control (C)

areas.
Containers Containers with pupae Pupal productivity Container
Type of Index*
containers I C I C I C I C
n % n % % n % n % n % % %

Ground (plastic) 78 3.58 45 5.14 4 6.78 3 8.33 131 12.10 49 4.95 5.12 6.67
Elevated tank 3 0.14 1 0 0 0 0 0 0 0 0 0 0 0
(plastic)
Water tank type 1 962 44.13 330 37.67 40 67.8 30 83.33 766 70.73 871 88.07 4.16 9.09
Water tank 140 6.42 50 571 8 13.5 2 5.56 940 16.07 939 6.88 571 4
type 2
Jar, vessels 559 25.64 232 26.48 3 5.08 1 2.78 2 0.18 1 0.10 0.54 0.43
Buckets 333 15.28 179 20.43 3 5.08 0 0 9 0.83 0 0 0.90 0
Flower vases pots 33 1.51 15 1.71 0 0 0 0 0 0 0 0 0 0
Used tyres 2 0 3 0 1 1.69 0 0 1 0.09 0 0 50 0
Rainwater drain 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cans, bottles, unusable (trash) 46 2.11 10 1 0 0 0 0 0 0 0 0 0 0
Natural 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Gutter 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Other 24 1.10 11 1.26 0 0 0 0 0 0 0 0 0 0
Total (n) 2180 100 876 100 59 100 36 100 1083 100 989 100 2.71 4.11

* Number of containers with any larvae or pupae, divided by the total number of containers in that category x 100
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The mean number of pupae per container decreased in intervention (from 1.05 to 0.84) and increased
control areas (from 1.76 to 2.47), for both type 1 and 2 water tanks — however, it was higher in control
areas. For ground containers, the mean pupae per container in intervention areas was higher compared
to control areas (1.67 vs 1.08 pupae per container). When comparing baseline and endline surveys, the
intervention area reported a decrease in the mean pupae per all containers (from 0.57 to 0.50) while
control areas reported an increase in the mean pupae per container (from 0.74 to 1.12). Similarly, the
mean pupae per water tank type 1 decreased from 1.13 to 0.79 in intervention areas and increased in
control areas from 1.82 to 2.63. A different situation occurred with ground containers where there was

an increase in the mean pupae from 0.53 to 1.63 in intervention areas (Table 4.8).

d. Public spaces Ae. aegypti productive breeding sites

Table 4.9 presents pupal productivity by type of container found in inspected public spaces pre-
intervention. Rainwater drains were the most productive containers, accounting for 91% of pupae in
intervention areas and 95% of pupae in control areas. Per sector, the most productive containers in public
spaces at baseline, in intervention as well as in control areas, were rainwater drains, with 633 pupae in
Sector 1 and 491 pupae in Sector 2. In Sector 2, tires and vessels were the second most productive

containers containing 70 pupae (15%) (Appendix D7, Table D7-1 and Table D7-2).
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Table 4.9. Pre-intervention frequency of water-holding containers and pupal productivity in public spaces stratified by intervention (I)

and control (C) areas.

Container
Containers Pupal productivity Containers with pupae
Index*

Types of containers I C I C I C I C

n % n % n % n % n % n % % %

Ground (plastic) 5 0.51 5 0.97 0 0 0 0 0 0 0 0 0 0

Elevated tank (plastic) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Water tank type 1 1 0.10 0 0 0 0 0 0 0 0 0 0 0 0

Water tank type 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jar, vessels 34 3.43 26 5.07 30 3.83 0 0 2 1.77 0 0 5.88 0

Buckets 32 3.23 5 0.97 1 0.13 0 0 1 0.88 0 0 3.13 0

Flower vases pots 1 0.10 0 0 1 0.13 0 0 1 0.88 0 0 100 0

Used tires 26 2.63 4 0.78 40 5.10 0 0 1 0.88 0 0 3.85 0
Rainwater drains 777 78.48 402 7836 712 90.82 412 9471 108 9558 53 9815 1390 13.18

Cans, bottles, unusable (trash) 103 10.40 65 12.67 0 0 0 0 0 0 0 0 0 0

Natural 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gutter 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Other 11 1.11 6 1.17 0 0 23 5.29 0 0 1 1.85 0 16.67
Total (n) 990 100 513 100 784 0 435 100 113 100 54 100 11.4 10.53

Table 4.10 presents endline pupal productivity per type of container found in inspected public spaces. Rainwater drains were still the most productive
containers, accounting for 93% of pupae in intervention areas and 89% in control areas. In control areas, the second most productive containers were

cans and bottles, accounting for 11% of pupae (Appendix D7, Table D7-3 and Table D7-4).
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Table 4.10. Post-intervention frequency of water-holding containers and pupal productivity in public spaces stratified by intervention (I)

and control (C) areas

Container
Containers Pupal productivity Containers with pupae
Index*
Types of containers

I C I C I C I C

n % n % n % n % n % n % % %

Ground (plastic) 0 0 3 0.58 0 0 0 0 0 0 0 0 0 0

Elevated tank (plastic) 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Water tank type 1 2 0.19 0 0 21 2.78 0 0 1 1.54 0 50 0 50

Water tank type 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Jar, vessels 21 1.99 12 1.14 0 0 0 0 0 0 0 0 0 0
Buckets 8 0.76 3 0.28 18 2.38 3 0.81 1 1.54 1 12.5 33.33 12.5

Flower vases pots 0 0 0 0.00 0 0 0 0 0 0 0 0 0 0
Used tires 43 4.08 10 0.95 10 1.32 0 0 1 1.54 0 2.33 0 2.33
Rainwater drain 796 75.45 391 37.06 705  93.38 328  88.65 61 93.85 28 7.66 7.16 7.66
Cans, bottles, unusable (trash) 184 17.44 101 9.57 1 0.13 39 10.54 1 1.54 3 0.54 2.97 0.54

Natural 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Gutter 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Other 1 0.09 0 0 0 0 0 0 0 0 0 0 0 0
Total (n) 1055 100 520 100 755 100 370 0 65 100 32 6.16 6.15 6.16
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4.4.3 Effectiveness of the intervention

a. Impact on household immature Ae. aegypti indices

When comparing entomological indices, immature (larvae and pupae) indices decreased overall after
intervention implementation in both intervention and control areas but decreased further in intervention
areas, with significant differences — except for container index and PPI that increased in control areas.
The container index decreased in intervention areas after the intervention (from 12% to 6%) and this
decrease was significant (diff - 0.06, 95% CI [- 0.08, -0.0.04]) but increased slightly in control areas after
intervention (from 13% to 15%), although the differences were not significant (diff 0.02 95% CI [-0.02,
0.06]). Breteau Index (BI) decreased from 22.6 to 11.7 in intervention areas (diff 0.11, 95% CI [0.08,
0.14]) and from 31.6 to 27 in control areas (diff 0.05, 95% CI [ 0.00, 0.10]). DID BI value resulted in a
positive result of -6. The difference post intervention (DOE BI) between intervention and control areas
was -0.15 and was significant (95% CI: -0.19, - 0.10). Compared to DID B], differences in the PPI showed
opposite results with a negative effect (+ 0.18), whereas DOE PPI resulted in a positive effect (-0.35)
(Table 4.11) (Appendix D8, Table D8-1 and Table D8-2).
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Table 4.11. Baseline and endline entomological outcomes

intervention (I) and control (C) areas

of inspected households per

Characteristics and

entomological indices

Pre-intervention

Post-intervention

I C Total I C Total

n % n % n % n %
Inspected households 1719 64.40 950 3559 2669 1165  73.73 415 26.27 1580
Persons 6338 64.06 3555 3593 9893 4411 7293 1637  27.07 6048
Total of containers 4188 60.60 2723 3940 6911 2893 72091 1075  27.09 3968
Containers accessible for 3377 59.89 2262 40.11 5639 2327  72.65 876 27.35 3203
inspection
Positive containers for 389 5646 300 43.54 689 181 61.36 114 38.64 295
larvae + pupae
Positive containers for 86 48.31 92 51.69 178 59 60.20 39 39.80 98
pupae
Positive households for 333 56.73 254  43.27 587 167 62.31 101 37.69 268
larvae + pupae
Positive households for 80 48.48 85 51.52 165 52 57.78 38 42.22 90
pupae
Estimated pupas 1915 53.51 1664 4649 3579 1137 53.48 989 46.52 2126
House larvae + pupae index 19% 27% 12% 25%
House pupa index 5% 9% 3% 5%
Container larvae+ pupae 12% 13% 6% 15%
index
Container pupae index 3% 4% 2% 3%
Breteau larvae + pupae 23 32 12 27
index
Breteau pupae index 4.70 8.90 3 5
Pupae per person index 0.30 0.47 0.25 0.60

The logistic regression model run to assess the impact of the intervention in the presence and absence of

immature forms of Ae. aegypti in households adjusted by different covariables suggests that it was

effective in reducing the presence of immature forms (larvae and or pupae) (Table 4.12). The odds ratio

(OR) for post-intervention time is 0.71 with a 95% confidence interval of [0.50, 0.99]. This suggests that

those household’s post-intervention are 0.71 less likely to have immature forms of dengue vector than
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those before intervention, although borderline it is significant. In addition, households located in
intervention areas compared to control areas (OR:0.57,95% CI [0.44,0.73]), in Sector 2 (OR:0.73, 95% CI
[0.57,0.92]), having water tanks totally covered (OR:0.58 95% CI [0.42, 0.79]) and inspected during the

rainy season (OR:0.69, 95% CI [0.55, 0.87]), were less likely to present immature forms of dengue vector.

Table 4.12. Logistic regression model of risk factors of presence of Ae. aegypti immature forms in

households*
Covariate 0Odds Ratio 95% CI** p value

Time
Pre-intervention Ref Ref Ref
Post-intervention 0.71 0.50-0.99 <0.05
Area
Control Ref Ref Ref
Intervention 0.57 0.44-0.73 <0.001
Time x Area Ref Ref Ref
Post-intervention x 0.79 0.50-1.26 0.326
Intervention
Sector
Sector 1 Ref Ref Ref
Sector 2 0.73 0.57-0.92 0.010
Season
Dry Ref Ref Ref
Rainy 0.69 0.55-0.87 0.001
Days of last tank washing 1.00 1.00-1.01 0.019
Container capacity
>20L Ref Ref Ref

<20L 0.06 0.02-0.14 <0.001
Water tank placed under
roof
No Ref Ref Ref
Partially 0.91 0.57-1.43 0.672
Totally 0.58 0.42-0.79 0.001
Container localisation
Indoor Ref Ref Ref
Outdoor 1.09 0.82-1.45 0.534
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Container covered

No Ref Ref Ref
Partially 1.25 0.79-1.99 0.333
Totally 0.29 0.16-0.53 <0.001
Household income***

<1 minimum wage Ref Ref Ref
1-2 minimum wage 1.85 1.28-2.69 0.001
3-4 minimum wage 0.95 0.53-1.71 0.869

* 4454 observations made, and 3569 observations used in the logistic regression analysis. ** CI: confidence interval

***minimum wage: US$276

b. Impact on public space immature Ae. aegypti indices

When assessing the impact on entomological indices in public spaces, immature (larvae and pupae)

indices decreased overall after intervention implementation in both intervention and control areas but

decreased further in intervention areas. For example, Bl decreased from 27.85 to 20.29 in intervention

areas (diff 0.15, 95%CI [0.09, 0.21]) compared to control areas where the Bl increased from 19.65 to
21.58 (diff -0.01, 95% CI [-0.08, 0.06]). The DID BI reported a positive result of -6 as well as DOE BI that

resulted in a positive result of -2. Immature-based entomological indicators pre and post intervention

are summarised in Table 4.13 and DID and DOE in Supplementary information, S5 Table 19 and Table 29.
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Table 4.13. Baseline and endline entomological indicators of inspected public spaces per

intervention (I) and control (C) areas

Preintervention Post-intervention

Characteristics and
entomological indices I C Total I C Total

n % n % n % n %
Inspected public spaces 955 62.42 575 37.58 1530 961 63.35 556 36.65 1517
Total of containers 1199  65.38 635 34.62 1834 1224 6634 621 33.66 1845
Containers accessible for 990 65.87 513 3413 1503 1055 68.88 520 33.02 1575
inspection
Positive containers for 266 70.18 113 29.82 379 195 61.90 120 38.10 315
larvae +pupae
Positive containers for 112 67.47 54 32.53 166 65 67.01 32 32.99 97
pupae
Positive Public space for 191 66.32 97 33.68 288 155 60.78 100 39.22 255
larvae + pupae
Positive Public space for 91 64.08 51 35.92 142 56 65.88 29 34.12 85
pupae
Estimated pupas 783 64.29 435 35.71 1218 755 67.11 370 32.89 1125
Public space larvae + 20% 17% 16% 18%
pupae index
Public pupa index 10% 9% 6% 5%
Container larvae + pupae 27% 22% 18% 23%
index
Container pupae index 11% 11% 6% 6%
Breteau larvae + pupae 28 20 20 22
index
Breteau pupae index 12 9 7 6

The logistic regression model ran to evaluate the impact of the intervention in the presence and absence

of immature forms of Ae. aegypti in public spaces evidenced that, after the intervention was implemented,

there was less likelihood of finding immature forms of Ae. aegypti in intervention areas, although the

reduction was not significant (OR 0.69, 95% CI [0.39,1.20]) — likewise, when considering Sector 2 (OR
0.63,95% CI [0.31, 1.28]) (Table 4.14).
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Table 4.14. Logistic regression model of risk factors of presence of Ae. aegypti immature forms in

public spaces*

Covariate 0Odds Ratio 95% CI** P value
Time
Pre-intervention Ref Ref Ref
Post-intervention 1.07 0.71-1.61 0.730
Area
Control Ref Ref Ref
Intervention 0.87 0.59-1.32 0.558
Time x Area Ref Ref Ref
Post-intervention x 0.69 0.39-1.20 0.192
Intervention
Sector
Sector 1 Ref Ref Ref
Sector 2 0.22 0.12-0.39 <0.001
Time x sector
Post-intervention Sector 2 1.59 0.91- 2.77 0.106
Area x sector
Intervention x Sector 2 3.53 1.79 - 6.95 <0.001
Time x area x sector
Post-intervention x 0.63 0.31-1.28 0.199

intervention Sector 2

* 3329 observations made, and 2106 observations used in the logistic regression analysis. ** CI: Confidence Interval

4.5 Discussion

The findings of this study demonstrated that using ITM as lids for productive water-holding containers

reduces entomological immature indices by almost 50% (BI 22.6 to 11.7, CI 12% to 6%,). Furthermore,

regression model evidenced that there is less likelihood of finding immature forms in household of

intervention areas than control areas.

According to transmission thresholds (32-37), Cl and BI are at high risk thresholds (>4% for HI, >3%, >5

for BI) expect for PPI that is below the transmission thresholds (> 0.35 for PPI).) Although these

thresholds should be analysed with caution as several factors (environmental, human population

characteristics for example: herd immunity, human migration, and cultural practices) influence the
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threshold values for each vector indices making critical thresholds for larval indices for dengue epidemic

management difficult to establish.

Environmental management has been a vector control intervention measure employed for over a decade
(38). A recent systematic literature review (SLR) and metanalysis (14) demonstrated that these control
measures have weak efficacy in reducing larval and pupal densities of Ae. aegypti mosquitoes.
Particularly, container covers with and without insecticides were identified and evaluated by the later
SLR, evidencing 10 studies (4 studies implemented lids with insecticides and 6 studies without
insecticides). The studies that implemented lids with insecticides were all conducted in Latin America
under cluster randomised control trials between 2006 and 2015 (16,17,21,39). The studies conducted in
Venezuela, Colombia and Guatemala by Kroeger et al. in 2006 (21), Quintero et al. in 2015 (16) and Rizzo
et al. in 2012 (17) showed reductions in almost all entomological indices (specially for PPI and BI) in
intervention clusters. The study conducted in Venezuela and reported by Tun-lin et al. in 2009 (39) did

not show differences in PPI,s but reported an increase in Bl in both intervention and control groups.

The studies that implemented lids without insecticides were carried out in Latin-America and the
Caribbean (Colombia, Brazil, Uruguay and Cuba), India (Chennai) and South Asia (Thailand, Myanmar, Sir
Lanka) between 2007 and 2016 (40-47). Although the quality of the study designs varied — according
to the qualitative assessment carried out by Buhler et al. in 2019 (14) and documented in supplementary
material contained in the Appendix — pooled results were positive, showing impact in entomological
indicators in intervention areas compared to control areas. DID BI is in accordance with the pooled
results reported by Buhler et al. (14), while DID PPI is contrary. The result for DID BI calculated for the
study reports a positive result (-6) almost three times higher than the value reported in the efficacy trial
conducted by Quintero et al in 2015 (48) that reported a DID of -2.6 and the trial conducted by Kroger et
al in Venezuela in 2006 (DID -10). Whereas DID PPI resulted in a negative effect (+0.08) compared to a
positive pooled result of (-0.83) reported by Buhler et al. (-1.1) reported by Quintero et al. and (-1.2)

reported by Kroeger et al.

The study results of the DOE tended to demonstrate a higher impact on vector indices (BI and PPI)
compared to the DID. For example, DOE BI gave a positive result (-15) higher than that reported by
Kroeger et al. (-6) but different from Quintero et al., who reported a negative result (+1.3). DOE PPI also
showed a higher positive result (-0.35) than that reported in the efficacy trial of Quintero et al. (-0.09)
and Kroeger et al. in Mexico (-0.1). The positive findings reported were expected, as container covers
with insecticides should result in positive outcomes, both by providing a mechanical barrier for

oviposition and adult emergence, and by its insecticidal effect.

The degree of impact in dengue vector indices of the ITM covers is comparable. During 2005, the efficacy

trial was conducted under a cluster randomised trial (48) and showed positive results in decreasing

108



vector indices. The scaled intervention (covering more than 5000 households) is still effective in reducing
Ae aegypti immature indices. Considering that Girardot has 29,278 households (49) and that the
intervention covered just 21% of the households, a higher impact should be expected with a higher
percentage of intervention coverage. However, a question remains to be answered: Is the intervention
sufficient in reducing dengue transmission if higher impact in indices is reached after increasing

coverage? Chapter 5 addresses this question by analysing the impact on dengue incidence.

The intervention resulted in a decrease of, on average, between 0.12 (95% CI -0.25,0.01) and 0.26 (95%
CI-0.42,-0.10) cases of dengue daily — 1.82 cases per week or 7.8 cases per month or 95 cases per year,
according to Kernell and Radius matching method, although not significant. Furthermore, results from a
mathematical model of dengue transmission dynamics conducted to investigate the impact of the
intervention on dengue incidence in Girardot, Colombia, after evaluating various PPI reduction
thresholds from 25%-99%, and simulated at 75% and 100% coverage (50) demonstrated the impact that
reducing entomological indices can have on disease incidence. Results of the model reported that scaling
up the intervention to cover 75% of the households would result in lowering the total number of cases
from 14051 to 1279 and average daily cases from 11.95 to 1 (approximately by 90%). At both 75% and
100% coverage, transmission of dengue would be interrupted almost entirely above 60% reduction in
PPIL. Given the results of the numerous model simulations, it appears that at 50% coverage of the
municipality, there would be relatively little change in the additional decrease in number of cases beyond
25% PPl reduction. Furthermore, at 75% coverage of the municipality, the optimal PPI threshold appears
to be 50% with the greatest reduction in total number of cases. The scale-up to 100% coverage of the city
does not appear to reduce cases any more than a 75% municipality coverage. Therefore, the optimal
threshold for maximum reduction of cases and minimum reduction of PPI appears to be 50% at 75%
municipality coverage (21,958 households). However, it is important to note that it may not be feasible
to reach this 75% due to the costs involved, and other barriers that have been identified regarding the
fidelity of the scaling up process that is investigated further in Chapter 7. However, it is important to
consider if the intervention represents a more efficient use of resources compared to routine vector

control activities (53).

The study by Taborda et al. (51) evaluated the cost-effectiveness of the intervention, adding evidence for
deciding if the intervention could be integrated into routine control interventions. Results reported that
Aedes-Free intervention generated an additional cost of USD 20.9 per household (costs of regular
programme 11.2 vs 32.1 Aedes-Free + regular programme) and an incremental effectiveness of 0.00173
(reduction of dengue cases). This means that the cost of reducing the probability of dengue infection, with
the Aedes-Free intervention, would require an investment of $12,097, which could be deemed cost-

effective according to a suggested threshold.
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Alfonso-Sierra et al. (52) reports on the cost analysis of interventions that focused on controlling the most
productive breeding places for Ae. aegypti in Latin America. Here, a wide range of costs between 8.20 to
56.6 USD per household was reported. The costs of those interventions, using ITM metallic lids for

breeding sites and ITM screens for windows and doors, are the highest.

Peri-domestic and domestic spaces provide different contexts for vector oviposition therefore colonizing
different water containers. The study showed that entomological indexes are higher in public spaces than
households during pre and post intervention surveys. But pupae productivity is higher in households in
both baseline (74% of pupae in households vs 25% in public spaces) and endline surveys (84%% of
pupae in households vs 35% in public spaces). Even during the rainy season pupae productivity is higher
in households than in public spaces, mainly due to the presence of large ground containers (used for
water storage) that produce more than 90% of pupae and therefore considered the key container to be
controlled by ITM lids. In public spaces productivity is driven mainly by rain drains that account for more

than 90% of public space pupae.

Previous studies conducted in the study area (Girardot) in 2015 by Alcala et al. (1) suggested that the
type of Ae. aegypti productive containers in households remains stable during different seasons. This
study reported that, during the rainy season, households contributed 94% to the total number of pupae,
while only 6% were found in public spaces. In the dry season, 98% of pupae were found in households
and 2% in public spaces. Large water storage tanks and tanks for washing and storage purposes provided
>87% of pupae in households, whereas jars, tyres and sinks contained most pupae in public spaces. High
pupae densities were observed in public spaces during the rainy season and in streets and schools in the

dry season. There were no significant differences between seasons per pupae indices.

Similar results are reported by Jiménez-Alejo et al., in 2017 (6) in Guerrero (Mexico), who found that
more than 97% of containers identified and examined were those used for water storage, and that these
contributed the most to the overall pupal productivity in households, even during the rainy season when
the mean number of pupae per container was higher in the non-storage containers. But this contrasts
with other areas in Mexico. In Merida, non-storage containers were reported to contribute most to the
overall pupal productivity rates (54). Multicountry studies conducted in Asia, Africa and Latin America
by Tun-lin et al. (39), Quintero et al. (55) and Arunachalam (56) evidenced the variation from place to
place. In some study sites (Colombia, Ecuador, Venezuela, Myanmar, Philippines) the large ground
containers were the most productive ones, in others (Peru, Mexico, Uruguay, Thailand, Kenya) small

containers (buckets, barrels, bowls) where the most productive.

[tis important to acknowledge that, while the dynamic of Ae. aegypti productivity indoors remains stable,
a different situation is seen in public spaces. For instance, Alcala et al. reported in 2015 (1) that the most

productive containers in public spaces were tyres and jars. The present study, conducted 3 years later in
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the same area, evidenced that rain drains were the most productive containers in public spaces and
particularly difficult to assess and control. The local vector control programme focused mainly their
activities in public spaces on the collection of discarded containers such as tyres and jars that could
produce the displacement of the vector to other suitable breeding sites. This can be explained by the high
plasticity of the Ae. aegypti population, a colonizer of very unstable settings whose survival is aided by

rapid population growth and recovery.

The overall impact of “Girardot Aedes-Free” intervention in both households and public spaces was
positive but differences amongst study sectors were evidenced. The intervention in households of Sector
2 resulted in a higher impact, as evidenced by the logistic regression model (OR: 0.73 95% CI 0.57-0.92)
and by DID BI (Sector 1: -2 vs Sector 2: -7.7) and DID PPI (Sector 1: 0.1 vs Sector 2: -0.4) measures. An
impact was also observed in public spaces, particularly in Sector 2 that reported an OR of 0.22 (95%CI
0.12 -0.39) and a DID BI (Sector 1: -3 vs Sector 2: -11). Several factors can drive differences in the same
geographical or territorial areas. Studies that analyse the spatial and temporal dynamics of vectors have
identified and explained the interactions between the conditions and determinants of Ae. aegypti vector
in different contexts and territorial spaces (57-61). Results show that the spatial and temporal dynamics

of dengue and dengue vectors are heterogenous at different intra-urban scales.

As well as environmental factors (ecological niches) there are diverse demographic (urban expansion,
demographic composition, urban function) and social and economic factors (economic activities such as
tourism, touristic activities, knowledge, socioeconomic stratum and household incomes) interacting at
different scales that are associate to dengue incidence and dengue vector presence. Specifically, previous
studies carried out in the study area (Girardot) evidenced some of the latter factors. For instance, a study
carried out by Fuentes-Vallejo (62) showed that the distribution and incidence of dengue in Girardot is
potentially related to the effect of time and space and argued that the distribution might be the related
particularly to the economic activities (tourism), urban changes (expansion) and demographic structure.
Furthermore, Quintero et al. (63) and Suarez et al. (64) reported that that areas with lower social strata
and less educated inhabitants are at considerably more risk of having dengue vector forms in their
households. The study was carried out in sectors representing the lowest socio-economic stratum of
households (1 to 3 strata) among this the majority (81.6 %,) of household members reported household
income between one and two minimum wages (US$ 276= 1 minimum wage) followed by 11.6% that
reported household income lower than one minimum wages. The results from the logistic model
evidenced that households with household income between 1 and 2 minimum wages are 85% more likely
to have immature forms of the vector than those households reporting incomes between 3 to 4 minimum

wage.
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Additional studies carried out in other urban areas of Colombia, such as Armenia and Arauca (65),
determined that vector density in both municipalities is related to their particular ecological and social
characteristics. Both municipalities evidenced groups of clusters of Ae. aegypti density without a clear
trend. In general, higher vector indices coincide with zones with no urban planning, low income strata,
high water storage rates, higher mean temperature than the rest of the municipality, and low level of

community actions.

Acceptability is an important outcome for the evaluation of intervention effectiveness. In Girardot, ITC
acceptability measured through proxy variables was high. The high level of acceptability may be
associated with previous work done in former phases of the design of “Girardot Aedes-Free” intervention
where community participation was a major characteristic. This factor is considered further in Chapter
6 where the process of implementing the intervention at scale is evaluated and acceptability is one of the

fidelity factors that affects effectiveness of the intervention.

4.6 Limitations

There were some limitations to this study, firstly the presence of insecticide resistant vectors was not
assessed. It is important to evaluate resistance to insecticides in mosquito vector populations as its
presence may threaten the effectiveness of the control intervention. Although the water-holding
container cover will still act as a barrier. There is scarce information regarding causes and prevalence of
resistance in the study site. Insecticide resistance is a growing issue. The information on the causes and
prevalence of resistance in the specific geographic areas is scarce, regardless of the fact that such data
could help guide vector control programmes on the most effective agents to use in each resistance context

(66,67).

An additional limitation was the lack of Ae. aegypti adults’ forms surveyed, instead, pupal indexes were
estimated as a proxy of adult forms. For Ae. aegypti it is argued that one of the major factors of failure in
control methods is their focus on eliminating immature forms rather than adult forms as the later transit
disease. When reviewing study protocol logs it was shown that adult mosquitos were collected with nets.
Adult aspirators were not available or were available later in the study. Changing methods will pose a

major bias.

Incomplete follow-up may bias the results and as drop-out rates are different between groups
(intervention and control). The percentage of loss to follow-up was higher in control groups than

intervention (Sector 1: 49% vs 21%; Sector 2: 71% vs 48%)
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The time between entomological surveys (baseline and follow-up surveys) was wide (more than 7
months between each). Confounding factors such as climate and regular programme interventions by

control services may have played a role influencing vector densities that were not captured.

4.7 Conclusion

This study found that covering Ae. aegypti productive household water-holding containers with
insecticide lids has a positive impact for controlling Ae. aegypti immature production in households. A
combination of methods is necessary, particularly combining the targeting of productive containers with
other community actions that increase the success in reducing Ae. aegypti in both household and public

premises.
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Chapter 5 Study 2. Effectiveness of Girardot Aedes-Free
intervention in reducing dengue reported cases

5.1 Outline

This chapter reports Study 2, by assessing the impact of “Girardot Aedes-Free” Intervention in reducing
the number of reported dengue cases. Reported dengue cases and associated factors were analysed from
available data sets from Colombia’s disease surveillance system. Different statistical models were used
to estimate the reduction in dengue cases achieved by the intervention. The findings of this chapter have

been published in Plos One. The final manuscript is presented in Appendix E.

5.2 Introduction

Ae. aegypti is the principal vector of dengue, Chikungunya, Zika and yellow fever, and is now found on all
continents with the exception of Antarctica (1). Aedes-transmitted diseases (ATD) account for
approximately 23% of the estimated global burden of VBD(2) and pose a significant economic cost in
endemic countries—not only for governments that are responsible for case management and the cost of
vector control activities but also for households that have to cover their own costs for treatment and

protective measures (3-10).

The emergence and resurgence of ATD is associated with complex relationships between a variety of
ecological, biological, and social factors of urban and peri-urban environments, all of which are
particularly challenging for vector control efforts (11-13). Ecological factors refer to climate (rainfall,
humidity, temperature) and also to the man-made ecological setting (unplanned urbanization). Biological
factors relate to the behavior of the vector, Ae. aegypti, and the transmission dynamics of the various
diseases (i.e. the co-circulation of different serotypes) (14). Social factors incorporate a series of
influences relating to health systems, including: the weakening of surveillance systems and vector control
programs (15); health services (16) and their political context—for example, health sector reforms,
decentralization (17); and public and private services such as sanitation and sewerage, garbage collection
and water supply. Macro-social events are also important and these include: demographic growth and
urbanization; community and household-based practices; knowledge and attitudes and how these are

shaped by large-scale forces such as poverty (18,19); social inequality (20); and community dynamics,
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including human movement (21-23). This complexity highlights the need for setting-specific vector
control approaches that combine environmental management practices with community mobilization
and engagement, intersectoral and multi-stakeholder partnerships, and principles of Integrated Vector
Management (IVM) (24), as well as other country-specific policies, such as the Integrated Management
Strategy (IMS) (25). Many community-led interventions have been conducted in Asia but, while results
indicate that the interventions reduce vector densities, evidence of impact on dengue transmission is

lacking (26).

As mentioned in the introductory Chapter, in response to the increasing threat of dengue, the
Ecobiosocial/Ecohealth program was designed by the Special Program for Training and Research in
Tropical Diseases (TDR), in partnership with the International Development Research Center from
Canada (IDRC) to be implemented in Asia (27) and in Latin American countries (Mexico, Ecuador,
Colombia, Brazil and Uruguay) over a 4-year period (28). This initiative carried out a transdisciplinary
investigation (Ecohealth approach) of ecological, biological, and social factors of dengue in urban areas,
and developed and tested community-based interventions aimed at reducing Ae. aegypti breeding sites

(29).

Specifically, a cRCT was conducted in the dengue-hyperendemic Colombian municipality of Girardot
during 2012-2014 (30). The trial was designed to test the efficacy of long-lasting deltamethrin-treated
nets (LLITNde)—used as window/door curtains and as covers on water containers—in reducing the Ae.
aegypti density measured through the PPI, a proxy for adult density (30). The cRCT compared ten control
and ten intervention areas comprising 100 households each. In control clusters, routine vector control
activities (larvicides with temephos, health education, and occasional public space spraying of an ultra-
low volume of Malathion) were conducted. In the intervention clusters, in addition to the routine vector
control activities, insecticide-treated curtains were hung over windows and doors, and covers were
placed over the most Aedes-productive water containers. Results demonstrated that, in the intervention
clusters, PPI declined by 60% after the intervention with ITN covers. In light of the results of this trial,
and following the recommendations of the 2017 WHO response strategy (2), the Colombian program
decided to extend the intervention in Girardot aiming to achieve not only a broader reduction in Ae.
aegypti vector densities but also impact on dengue transmission. A key strategy to ensure the
intervention’s long-term viability was a multisectoral action approach implemented across different

sectors (health, social development, tourism, academic and education).

Here, I investigate the effectiveness of the scaled-up Ae. aegypti control intervention (“Girardot Aedes-

Free) in reducing the number of reported dengue cases in Girardot, Colombia, between 2015 and 2017.
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5.3Methods

5.3.1 Setting

The study was conducted in Girardot (4°18'02"N 74°48'27"W), Colombia, which is 134 km from the
capital, Bogota. Girardot is located 289 meters above sea level, has an annual average maximum
temperature of 33.3 °C, a relative humidity of 66.38%, a mean annual precipitation of 1,220 mm, and two
weather seasons during the year: the dry season (January to February and June to September) and the
rainy season (March to May and from October to December). Girardot’s population is around 105,085,
living in 23,885 households (97% of which are urban) and distributed over 130.32 kmz2. The population

triples during the weekends, as Girardot’s main economic revenue is tourism.

Girardot presents an eco-epidemiological and social niche favourable for sustained transmission of
dengue (13,31), Chikungunya and Zika. The circulation of multiple dengue serotypes has been reported
(32,33). Between 2005 and 2016, 5,928 dengue cases (residents and non-residents) were reported to the
surveillance system of which 5.78% were severe. For this same period, an average of more than 500
dengue cases were reported annually (range 81-1163).1n 2013, 1,103 cases were reported, 532 in 2014,
and 364 in 2015. The age-groups with most dengue cases were 5-9 and 10-14 years old (SIVIGILA 2005-
2018). With respect to Chikungunya, the first case in Colombia was identified on September 11, 2014,
and in Girardot in December 2014. By the end of 2015, Girardot had reported 8,905 cases of Chikungunya,
representing an annual incidence of 8,416 per 100,000 inhabitants (34). Additionally, by the end of 2016,
1,936 cases of Zika with an overall attack rate of 18.43 per 1000 inhabitants (35).

Ae. aegypti has been reported as the principal dengue vector in Girardot (31,36) and in other dengue
hyperendemic municipalities of Colombia (Armenia, Arauca, Anapoima). The studies report vector
productivity associated with storage of water in large and uncovered low level cement containers known

as “albercas”, which are estimated to account for more than 70% of pupae production (36-38).

5.3.2 “Girardot Aedes-Free” intervention

As described in Chapter 3, the intervention focused on four setting levels (household, school, community
and institutional) where diverse actors interacted and participated with different intervention
components together with the control program activities. This intervention was developed and scaled up
following an Ecohealth approach (29) and was detailed in Chapter 3. The scaling-up of the intervention
occurred in three phases: 1. Pre-implementation phase; 2. Active implementation; and 3. Sustainability
phase. Table 1 describes and compares the characteristics of the “Girardot Aedes-Free” and routine vector

control interventions.
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Table 5.1. Characteristics of “Girardot Aedes-Free” intervention and routine dengue control

programme in Girardot, Colombia

Characteristics Girardot Aedes-Free Routine dengue control
programme
Actions Household level: Daily physical inspections of water-

Targeted intervention: insecticide-
treated covers with aluminum
frames or elastic band for Ae.
aegypti productive water-holding
containers.
School level:
Community  mobilisation by
students from public schools.
Community level:

Community  mobilisation by
presidents of community boards.
Institutional level:

Multi and intersectoral committee

for the prevention and control of

VBD.

holding  containers registering
presence and absence of Ae. aegypti
immature forms.

Temephos in tanks.

Health education for behavioural
change

Focal study of severe dengue cases:
identification of dengue positive
households and surveillance of 40
surrrounding households for spatial

fogging, including public spaces.

Human resources

1 field supervisor (environmental
engineer).
1 field coordinator (environmental
engineer).
4 field technicians (environmental

engineers).

11 vector- borne technicians, 1
coordinator, 2 undergraduates as

educators.

Household visits

33% of the total of households in

each sector (1 and 2) with

productive containers.

200 household visits per week, 40
per day in Girardot.

Indices collected

Immature (presence/absence and
pupae per person index) and adult

forms.

Presence/absence of immature

forms.

For household level actions, all the urban area of Girardot was divided into 4 sectors. A sector was defined

as an area that included several neighbourhoods with similar ecological and sociodemographic
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characteristics. Each sector was divided into intervention, buffer (100 meters), and control zones. The
active phase in sector 1 was carried out from December 4, 2015 until November 18,2016, followed by
sector 2 that was carried out between September 14t 2016 and February 24, 2017. Sectors 1 and 2
represent less than 20 % (25.2 Km? ) of the total of the urban area of Girardot (130.32 km?) and
correspond mainly to socioeconomic strata 2 and 3 followed by stratum 1 (Figure 5.1). During the active
implementation phase, 3,898 insecticide-treated aluminum covers were distributed to 2,935 households

(1.32 covers per household) and 1,774 round elasticized covers to 965 households (1.84 per household).

Intervention areas
Control areas
Clusters from CRT
Neighborhood

[~ Main rivers
0 750 1500 m
e —————— [] Ssector1
Source : Juliana Quintero
Qgis, Simon Tomasi “‘ SeCtOF 2

Figure 5.1. Map of Girardot and study sectors 1 and 2

5.3.3 Study design

An ecological study was proposed to evaluate the impact of “Girardot Aedes-Free” intervention in

reducing notified dengue cases.

5.3.4 Data sources and analysis

Daily dengue surveillance data for the study period January 2010 to December 2017, were obtained from
the Communicable Disease Surveillance System of Girardot, Colombia (SIVIGILA), where dengue cases

are recorded in line with a standard case definition (39). Cases are identified and reported by the health
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system as either ‘probable’ dengue, ‘probable severe’ dengue or ‘lab confirmed’ (39). Population data for
incidence calculation was obtained from the National Administrative Department of Statistics of
Colombia year 2008. The analysis of dengue cases was conducted over a period of 8 years (2010 -2017
33rd epidemiological week). Cumulative incidence was also calculated from the total number of dengue
cases notified divided by the respective population at risk and then multiplied by 100,000. This incidence

was expressed as: total number of dengue cases/total population*100,000.

The effectiveness of the intervention was assessed using quasi-experimental analysis. Differences were
modelled comparing numbers of clinically reported and lab-confirmed dengue cases (primary outcome)
among intervention implementation points (before-after) using: 1. Propensity Score Matching (PSM)
(40,41), 2. Autoregressive Moving Average (ARMA) and 3. The Diff-in-Diff method, modelling differences
between numbers of dengue cases adjusted for population size in each sector during scaling-up phases
(pre-implementation vs sustainability) and between treatment groups (intervention and control areas).

All the statistical analysis was conducted using Stata software, version 15 (42).

1. PSM

PSM consists of the following steps:

a. Estimate the probability that a day would be treated conditional on a set of regressors. The

probability is calculated by estimating the coefficients of the model P(D = 1|X) = A(XB) =
eXB

L(y1, ) Yn) = Zizqyiln (AXB)) + yi(1 — A(XB)) .
b. Check if the score is balanced.

The coefficients were calculated by maximizing the following likelihood function

c. Match each treated day with one not treated. For this, the following matching algorithms were
used:
i. Nearest neighbour matching: Select a pair of control and treated observations that
minimize the following expression
Min lp; - py]

ii. Radius: Select a pair of control and treated observations that fulfil the following

expression
o~y <r
iii. Kernel (Bartlett): Each observation is matched with several observations as:
K ((pj ; pi))
HG,j) =
' (pj — pi)
5ik(F5)
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Where b is the bandwidth. All alternatives were estimated using common support, a
further requirement besides independence.

d. Estimate the average impact of treatment on the treated.

2. ARMA
Because the data have a temporal structure, the estimation of an ARMA model (p, q) was performed. The

number of cases is the dependent variable.

_ etf(L)

CN, = —a(L)

Where L is the lag operator, i. e. x,L* = x,_; and the expressions (L) and a(L) are lag polynomials of
order g and p respectively. Using the autocorrelation function, partial autocorrelation, and unit root tests,
it was determined that the time series has an ARMA structure (2,0,3). To determine the influence of the
treatment on the number of cases, a dummy variable was included in the ARMA representation, in the

form:
CNt =c+ alC‘Nt_l + acht_z + a3CNt_3 + et + Blet_l + Bzet_z + ,3361_»_3 + ]/Dt

After the estimation, several diagnostic tests were performed. The estimate is stable, invertible, and its

residuals are not autocorrelated.

3. Diff-in-Diff
Differences in numbers of dengue cases (primary outcome) between scaling-up phases (pre-

implementation-sustainability) and between treatment groups (sectors 1 and 2) were estimated.

Initially, dengue cases were geo-localized with the variable “address” using the SIVIGILA data set (78%
of the cases were possible to localize). Then the number of dengue cases per sector was identified in the
intervention and control areas using QGIS software (v. 2.18). The QGIS command ‘Join attributes by
location” was used to create a new vector layer containing information on the number of cases per sector

and intervention area (43).

A linear regression model was used to estimate the effectiveness of the intervention in the presence of
associations between sociodemographic factors reported in the SIVIGILA data set (age, sex, ethnicity and
type health insurance scheme (as a proxy of socioeconomic status). In Colombia there are three types of
health insurance schemes: contributory plan for employees and self-employed workers with
contributory capacity, a subsidized (non-contributory) scheme for informal workers and low-income

self-employed workers and an uninsured for unemployed.
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A descriptive analysis of baseline and follow-up characteristics was performed for each study group and
differences between these characteristics were assessed by bivariate analysis, using a test of proportions.
Categorical variables were summarized as frequencies and numerical variables as means with standard
deviations if normally distributed, or as medians with interquartile ranges (IQRs) if non-normally
distributed. The regression model used the number of cases as parameter estimates grouped per day.
The effect of the intervention was tested as the effect-difference from baseline to follow-up between the
intervention and control areas. Significance was calculated at < 0.05 and 95% confidence intervals

reported.

5.1Results

5.1.1 Description of dengue cases in Girardot, 2010-2017

Between 2010 (1stepidemiological week) and 2017 (33rd epidemiological week), 3,193 suspected dengue
cases were reported to the surveillance system of Girardot, of which 99.6% were clinically classified as
dengue. During this period, a mean of 1.93 dengue cases were reported per day (range 1 to 14), although
only 198 (6.2%) were laboratory-confirmed. Figure 5.2, shows three outbreaks over the course of 8 years.

During 2010, 487 dengue cases were reported, 708 cases in 2013 and 532 in 2014.

140

Number of dengue cases
@
3
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Figure 5.2. Number of reported dengue cases in Girardot, Colombia reported between 2010-
2017

The solid black line shows the number of dengue cases in Girardot between 2010 and 2017. The solid
gray line shows the number of dengue cases in the intervention areas of study sectors 1 and 2. The dashed
grey line shows the number of dengue cases in control areas of study sectors 1 and 2. The red square

indicates the scaling-up period.
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5.1.2 Description of notified cases in Girardot, during scaling-up of the

intervention

During the period of July 2015 to August 2017 (Setup phase: baseline; Active phase: implementation and
Sustainability phase: follow-up) 628 dengue cases were reported in the SIVIGLA of Girardot (Figure 5.3).

20 Pre-implementation phase Acttive implementation phase Sustainabilty phase
Mar 3.- Dic 32015 Dic 4 2015 -Feb 24 2017 Feb 25 2017 - Aug 29 2017

50

Number of dengue cases

1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1

2015 2016 2017 2018

Figure 5.3. Intervention Scaling-up timeline

The solid black line shows the number of dengue cases in Girardot between 2015 and 2017. The solid
gray line shows the number of dengue cases in intervention areas of study sectors 1 and 2. The dashed

gray line shows the number of dengue cases in control areas of study sectors 1 and 2.

19% (121) of dengue cases were from the study sectors. 69 dengue cases were reported during baseline
and follow-up in Sector 1, and 52 cases in Sector 2. During baseline dengue cases were lower on the
control area, 11 dengue cases were reported in the intervention area of Sector 1, compared to 3 cases in

the control area.

A similar situation was observed for Sector 2, where 14 dengue cases were reported in the intervention
area, compared to 3 cases in the control area. Dengue incidence was generally higher in Sector 1 (526.2
per 100,000 inhabitants) compared to Sector 2 (381.6 per 100,000 inhabitants). For all sectors, the
incidence was higher in the control area (529.01 per 100,000 inhabitants) than the intervention area
(371.32 per 100,000 inhabitants). There was an increase in dengue incidence reported in both
intervention and control areas from baseline to follow-up. The increase in dengue incidence per 100,000
inhabitants for all sectors was greater in the control areas (an increase of 396.75 cases per 100,000
inhabitants) than in intervention areas (an increase of 267.02 cases per 100,000 inhabitants). In Sector
1, the increase in dengue incidence was higher in control areas (an increase of 483.33 cases per 100,000

inhabitants) than in intervention areas (an increase of 377.43 cases per 100,000 inhabitants). In Sector
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2 the incidence in control areas did not change from baseline to follow-up (236.07), but the incidence
from baseline to follow-up in the intervention area increased almost two-fold (Table 2). Table 5.2
describes the distribution of reported dengue cases in the intervention and control areas during baseline

and follow-up surveys (n=121).

Table 5.2. Dengue cases and incidence per intervention (I) and control (C) areas during baseline

and follow-up surveys, Girardot 2015-2017.

Sectors 1 2 All sectors

Areas I C I C I C

Population 9,538 3,931 14,430 2,118 23,968 6,049

Number of 47 (492.76) 22 (559.65) 42 (291.06) 10 (472.14) 89 (371.32) 32 (529.01)
dengue

cases (*)

Time of BL FU BL FU BL FU BL FU BL FU BL FU

Survey

Number of
dengue 11 36 3 19 14 28 5 5 25 64 8 24
cases per

sector

Incidence
per 115.32 377.43 76.31 483.33 97.02 194.04 236.07 236.07 104.30 267.02 132.25 396.75
100,000

inhabitants

Mean age 25.63 32.63 28.66 23.8 27.06 29.87
SD 24.36 25.26 24.64 26.69 24.40 25.62

Sex
F 22 (46.80) 10 (45.45) 16 (14.28) 5(50.00) 38 (42.69) 15 (46.87)
M 25(53.19) 12 (54.54) 26 (61.90) 5(50.00) 51(57.30) 17 (53.12)

BL: baseline; FU: Follow-up; SD: Standard deviations; F: female; M: male. * Incidence per 100,000 inhabitants.
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5.1.3 Effectiveness of the intervention in reducing dengue cases

The PSM analysis indicates that the intervention resulted in a decrease of an average of between 0.12 (-
0.25,0.01) and 0.26 (-0.42, -0.10) cases of dengue daily (1.82 cases per week or 7.8 cases per month or
95 cases per year) in Girardot (Table 5.3). By the same means, the time series analysis suggests that the
treatment (Girardot Aedes-Free intervention) on average decreased the number of dengue cases by 0.27

cases daily (Table 5.4).

Table 5.3. Average treatment effects estimation using Radius and Kernell matching method

Matching  Number of Numbers of ATT 95% CI t
method treatments controls

Kernel 215 1414 -0.122 -0.25,0.01 -1.830
(attk)

Radius 215 1414 -0.263 -0.42,-0.10 -3.170
(attr)

Number of observations = 1629; Replications = 2500; ATT: Average treatment effect on the Treated group; CI:

Confidence Interval.

Table 5.4. Number of dengue cases after intervention implementation estimated by ARMA model.

Variables Coefficient 95% CI p-value
Constant 1.86 1.50,2.22 <0.0001
Intervention -0.27 -0.95,0.41 0.436
ARMA parameters
AR (1) 1.68 1.25,2.10 <0.0001
AR (2) -0.68 -1.10,-0.261 0.002
MA (1) -1.54 -1.97,-1.11 <0.0001
MA (2) 0.54 0.19,0.89 0.002
MA (3) 0.01 -0.06, 0.09 0.721
Sigma 1.23 1.20,1.26 <0.0001

AR: Auto Regressive; MA: Moving Average; Cl: Confidence Interval.
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The Diff-in-Diff estimator reports an increase of 0.065 dengue cases daily (0.455 per week, 1.95 per
month) (Table 5.5) but, when calculating the differences in incidence rates and rate ratios during
sustainability (follow-up phase) among intervention and control areas of both sectors (see Table 5.2), an
incidence rate difference of -0.0129 (95% CI -0.00179- -0.00078) and an incidence rate ratio of 0.674
(95% CI0.577 - 0.786) are observed.

Table 5.5. Difference-in-Difference estimation results from Sectors 1 and 2, Girardot

Outcome Dengue cases Standard Error 95% CI p-value
variable
Baseline
Control 0.929
Treated 0.989
Diff (T-C) 0.060 0.069 -0.076,0.196 0.387
Follow-up
Control 0.950
Treated 1.075
Diff (T-C) 0.125 0.086 -0.044, 0.294 0.151
Diff-in-Diff 0.065 0.112 -0.152,0.281 0.557

R-square: 0.06, Means and Standard Errors are estimated by linear regression, Number of observations in the Diff-

in-Diff: 173. Adjusted by age, sex, season, and health insurance.

5.2 Discussion

The principal goal of any dengue intervention is to reduce disease incidence and transmission by
reducing human exposure. Ae. aegypti control remains the primary tool available to achieve the latter
goal. Several systematic literature reviews published in the last decade (26,44-47) have reported the
impact of dengue vector control measures and concluded that the most effective are community-based
interventions that combine: 1. Social mobilization with participation in local government control services
and joint collaboration in environmental management or clean-up campaigns, 2. Water covers and

window screens using insecticide-treated nets and 3. The use of larvicides.

The efficacy of dengue vector control interventions is principally measured using entomological
parameters (indicators of vector infestation), however, the reviews pointed out that these indicators do
not always accurately reflect dengue transmission (48,49). The studies that include epidemiological risk
indicators to determine the effect of a dengue vector control intervention mainly use interrupted time

series, propensity score matching, and classic, spatial, and Bayesian statistical analysis (50-52).
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This ecological study assessed impact of a dengue vector control intervention in Girardot, Colombia, in
reducing reported dengue cases and incidence. When analysing the data on dengue cases it was observed
that outbreaks occur every three years and, importantly, the number of cases per season differs, with
more cases reported in dry seasons than in rainy seasons. Although the dry season includes 7 months
(December through to February and June through to September) and the rainy season includes only 5
(March through to May and October through to November), the former still has a higher mean number of
cases per month. High temperatures, relative humidity, and precipitation are recognized factors
implicated in dengue transmission (53,54), facilitating Ae. aegypti population growth. In Girardot, there
is an additional dry season factor—tourism. The presence of susceptible populations and a higher
population density during the dry seasons favours virus transmission and so the effect of tourism on the

increase of dengue cases reported during this season must be evaluated.

Despite low dengue transmission reported during the intervention phases, the results indicate that,
compared to control areas, intervention areas reported a lower dengue incidence over the 5 to 13
months, although in both areas the incidence increased. The sector-by-sector differences in dengue
incidence after the implementation phase may be due to the reduced use of container covers over time.
The follow-up period was of 5 to 13 months in sector 1, and 6 to 10 months in sector 2, after intervention
implementation. A variety of studies have suggested that the use of an intervention tends to decrease
over time (55-57). As with any vector control measure, a consistent level of compliance is required by
household members to ensure the sustainability of the intervention’s impact (58,59). There is a need to
identify factors to achieve permanent changes in human behaviour. Moreover, the percentage of
productive container coverage per sector never approached 100%. Sector 1 had 39.54% of coverage and
Sector 2 50.39% of coverage. Higher coverage than this is needed for an intervention to have a broader
impact (55-57). The main reason for the limited coverage was the inaccessibility of participant houses,
even after three visits. Because Girardot is a tourist destination, many of the residences are "second

homes" for residents of other cities who visit for leisure purposes (37).

More than half of the study population comprised children who attend school during the daytime.
Schoolchildren participated in mobilization activities but not breeding-site interventions, nor were
screens for classrooms implemented in schools. Another important age-group were young men and
women who spent significant proportions of time in places of work and recreation, neither of which were
included as intervention sites. A growing body of evidence (22,60-62) has shown that human movement
is an important factor to consider when analysing the effectiveness of vector interventions and
understanding dengue epidemiology. Previous studies have shown that transmission of dengue virus
appears to be largely driven by infections centered in and around the home, with the majority of cases
related to one another occurring in people who live less than 200 meters apart, supporting a role for

targeted vector control around the residences of detected cases (63). Furthermore, it is important to
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consider other locations where individuals tend to gather and spend significant amounts of time, as they
may play an important role in the virus cycle. Sites such as schools pose a risk of transmission as there
may be abundant breeding containers for Aedes vectors and will contain an aggregation of students

during the daytime (64-66).

Defining effectiveness is one of the elements for scaling up an intervention into public health policies.
However, other criteria are equally important, including acceptability, reach, adoption, ease of delivery,
alignment with local policies and cost (67-69). Further analysis of the fidelity (70-72) among other

implementation factors that are addressed in Chapter 6.

5.3Limitations

Using secondary quantitative information of notified dengue cases from SIVIGILA presented several
challenges, as has been evident in studies in other countries, such as Colombia (32,73-75). The
surveillance system only captures symptomatic patients who go on to seek treatment at health care
services and are registered with a residential address that is not necessarily the location of dengue
transmission. In addition, no specific serotype information is reported. Another limitation is the available
spatial information (road network, neighbourhoods and blocks) and the address and neighbourhood
fields in the SIVIGILA database required for identifying dengue cases. The address and neighbourhood
fields are not standardized and filtering information was needed to decrease error when localizing each
dengue case by sectors and intervention and control areas, but 78% of dengue reported cases were able

to be geo-located, underestimating the true incidence.

In addition, during intervention dengue incidence decreased, albeit following the trend of dengue peaks
in Girardot and elsewhere every three years. It would be expected that, during higher periods of dengue
incidence, the intervention impact would have been higher than the incidence reported in the follow-up.
The decrease of dengue cases during the scaling-up phase could be a long-term result from previous
interventions carried out in Girardot since 2012, combined with enhanced vector control actions

implemented by the local health authorities due to the re-emergence of Chikungunya and Zika viruses.

5.4Conclusion
The aim of dengue vector control is to maintain Ae. aegypti populations below or close to minimal

transmission thresholds, slow the force of dengue-virus transmission, and reduce sequential infections

with different serotypes. This study evaluated an intervention for its capacity to reduce notified dengue
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cases by targeting the most productive dengue vector containers. The results indicate a reduction in
dengue incidence compared to matched control sites, although this is probably an underestimate of the
true potential of the intervention considering that approximately 20% of cases were not identified for
analysis. Greater coverage—in particular, reaching other sectors and other high-risk transmission areas
(public spaces such as schools and commercial recreation sites)—and an improved surveillance system

are required for maximizing the effect of the intervention.
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Chapter 6 Study 3. Evaluation of the process of scaling-up and
implementation of Girardot Aedes-Free intervention

6.10utline

This chapter refers to Study 3, which aims to document and analyse the process of scaling up and
implementing Girardot Aedes-Free intervention by clarifying the causal mechanisms and by examining
the factors that enable or constrain it. The process and approaches used, the challenges found, and the
lessons learned will be explored. This analysis of the study is important as it ensures that the observed
proximal and distal outcomes (reduction of Ae. aegypti density and dengue cases) are linked to the scaled-
up intervention and allows us to generate ideas to improve the process of the intervention at scale and

inform other VBD interventions.

6.2 Introduction

The efficacy and effectiveness of programs and projects has been one of the most essential parts of the
Millennium Development Goals replaced in 2015 by Sustainable Development Goals, with a need to pool
resources to scale-up projects that have a positive impact. Since 2003, the ExpandNet, an international
network supported by the WHO, has been tackling the question of program/project/intervention
efficacy. The goal of the network is to ensure that high-quality health-care treatments be scaled up to
serve more people, more rapidly, and more sustainably. It is a global leader in scaling up projects, having
created the ExpandNet conceptual framework for scaling up (1) and making recommendations to help

with the process (2).

ExpandNet/WHO defines scaling up as: “deliberate efforts to increase the impact of proven successful
health innovations so that they benefit a greater number of people, foster long-term policy and program
development” (1,3) and generate sustainable institutional capacity (2). The framework is guided by the
following principles: systems thinking, a focus on sustainability, the need to determine the feasibility of
scaling up, and respect for gender, equity, and human rights. The framework outlines the fact that the
evidence-based ‘innovation’ being taken to scale needs to consider four elements: the resource team,

user organisations, scale-up strategies, and the environment.

Four types of scaling-up are considered; spontaneous, guided (horizontal or vertical) and diversification.
The first refers to spontaneous diffusion, which starts from an innovation that moves to another context.

This usually occurs when the innovation offers a solution to a problem in a different place from where it
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was originally made. Guided scale-up can be horizontal scaling, when an innovation is replicated to serve
new populations or is expanded into new geographical areas; political or vertical scaling up, when a
government makes the decision to adopt an innovation at the national or sub-national level and it is
institutionalised through planning mechanisms or changes in public policies. And diversification, where

the new innovation is added to existing interventions (1,2,4).

The framework also outlines key scale-up strategies. Strategies refers to plans and actions needed to
establish innovation in policies, programmes, and service delivery (strategic decisions related to the type
of scale-up). ExpandNet/WHO recommends simplifying innovation, building training capacities in
organisations, connecting scaling up with health sector reforms, working with local leaders or politicians
to gain acceptance for innovation (advocacy), planning how to address human resource shortages (cost
and resource mobilization strategies) and monitoring and evaluation strategies. In addition, the
framework also highlights the need to assess opportunities and barriers for scaling up within the
environment. These include political, socioeconomic, and cultural factors as well as people’s needs
(1,2,4). This systematic approach proposes a scaling -up process in three phases or stages. Phase 1
comprises the design and conduct a pilot project of the intervention to be evaluated, with a scale-up in
mind to address efficacy and scalability. Phase 2, develop a participatory scaling-up strategy (scaling-up
plan) once the intervention has demonstrated a degree of efficacy and or effectiveness. Finally, Phase
3emphasises the process needed to strategically manage the scaling-up process. This will include a
review of the scaling strategy developed in stage 2 to plan action to fulfil the gaps and restrictions faced

during the process.

Within the Ecohealth Leadership Initiative for Vector-Borne Diseases in Latin America and the Caribbean
(5,6), scaling-up interventions experiences were developed from the Ecohealth approach for the
prevention and control of dengue, malaria and Chagas disease in Colombia, El Salvador, Guatemala,
Honduras, Mexico and Venezuela. Prior to the scaling-up phase, these projects went through baseline
phases, construction of the interventions with the participation of local communities and stakeholders,
and finally pilot testing of the interventions. These projects have disseminated their results in articles
and congresses (7-15) but less literature is found on the processes and factors associated with scaling-

up of these experiences.

This case study seeks to identify and analyse the scaling-up and implementation processes of “Girardot
Aedes-Free” intervention in alocal hyperendemic municipality of Colombia to determine the key elements

that enable or hinder the strategy, to develop the potential to scale-up other vector control interventions.
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6.3Methods

An evaluation of the process of scaling-up and implementing the intervention was conducted guided by
the Medical Research council (MRC) process evaluation guideline (16-18) and the ExpandNet/WHO
Framework (1). Both frameworks allow to elicit information about the process of implementation
including probes of implementation fidelity “the degree to which . . . programs are implemented . . . as
intended by the program developers", and identify the factors that enable and/or constrain the scaling up
of the intervention. The fidelity dimension was complemented following the implementation of the
fidelity framework (18,19). These are important elements that may influence the relationship between
the intervention being scaled-up (implementation of the intervention scaled-up), mechanisms, context,

and its intended outcomes.

In addition, it is important to acknowledge that the intervention was designed following an Ecohealth
approach (6). This is a research approach and platform for carrying out actions in health and shares
several elements with the scaling-up framework. Mainly, it recognises the need for innovative solutions,
which, in the context of Ecohealth, is identified as the application of new methods, ideas, forms of
evaluation technologies or processes of novel development. It also promotes working with multiple
sectors, agencies, and actors, governed by the principle of bringing knowledge into action to improve
people’s health and well-being. Ecohealth and scaling-up initiatives are interested in identifying local

processes and shared interests and actively linking with the community and local institutions.

6.3.1 Study design

A case study with a mixed methods design was conducted (20,21). Quantitative and qualitative data were

merged to provide a comprehensive analysis.

6.3.2 Data sources

Quantitative data were obtained from follow-up questionnaires administered to 1,163 household
members between January 17t and December 13th, 2017) and from study project logs providing
intervention description, monitoring data and participant responsiveness. Qualitative data were
obtained from documents related to the context and from 40 semi structured interviews that followed an
interview guide presented in Appendix E Interviews were conducted throughout November 2016 and
August 2017, to 18 community members (householders living in intervene sectors), seven community
leaders, nine members of research team (ITCs implementers, field staff and school students) and six

stakeholders (local health authorities). The mean age of the interviewees was 42 years and 63% (25) of
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them were women. The later key informants (KI) were selected based on their involvement in the
research, or in other vector control activities within the municipality by purposive and snowball sampling
and the selection considered theoretical saturation (22). KI were providers who had the perspectives
about the intervention implemented, researchers who guide and monitor the implementation of the
intervention, government officials (health secretariat, public health director, vector control programme
coordinator and technicians) and community members as beneficiaries, school students who act as

intervention mobilizers, and officials of non-governmental organizations or from private organisations.

6.3.3 Data management and analysis

For information resulting from the study logs (follow-up surveys) quantitative descriptive analysis was
conducted. Categorical variables were summarised as frequencies and numerical variables were

summarised as means using Stata 16 (23).

The information obtained from the semi-structured interviews was transcribed word by word and
analysed in NVivo (NVivo qualitative data analysis software; QSR International Pty Ltd. Version 12,2018.)
The information was organised into words, phrases and paragraphs that were found to be related to the
categories defined in Table 6.1. Each category also relates to each of the categories that the frameworks
propose as illustrated in Appendix F. For all categories included in the analysis, theoretical saturation
was considered. Emerging subcategories identified during the collection process and analysis of the
interviews were also included (limiting and facilitating factors). To assess fidelity, what happened was

compared with the defined specific intervention descriptors proposed in Chapter 3.

Table 6.1. Definition of predefined categories

Categories Definition Subcategories
1. Innovation * Intervention that is being scaled-up: Intervention complexity: degree
“Girardot Aedes-Free intervention of multiple interacting

under multisectoral approach components, and non-linear
described in chapter 3. causal pathways
CORRECT attributes (credible,
observable, relevant, relative
advantage, easy to install and

understand, compatible, testable)

(3).
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2. Environment

Anything external to the intervention
that may act as a barrier or facilitator
scale.

to its implementation at

Policies, socio-economic and cultural

Political context
Economic context

Disease context

3. Resource team

conditions, people’s needs and
perceptions.
All the stakeholders or

institutions/organisations involved in
the promotion and facilitation of the

scaling-up and the wuse of the

intervention, mainly: researchers,
programme managers, service
providers, policy makers, and

representatives of other
governmental organisations, NGOs, or

private institutions.

4. User

organisation

Institution (s) or organisation (s) that
are expected to adopt and implement

the intervention on a large scale.

Responsiveness

5. Scaling-up
strategy

The plans and actions required to
establish the intervention in policies,

programmes, and service delivery.

Facilitation strategies (provision
of manuals, guidelines, training,
and monitoring and feedback for
implementers)

Community participation
Intersectoral collaboration
Strategic choices related to:

o Type of scaling up

e dissemination and advocacy
e Organisational process

e (Costs and resource

e DMobilization monitoring and

evaluation

6. Fidelity

Whether “a programme service or
intervention is being delivered as it

was designed or written”

Adherence
Coverage

Dose
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Frequency

By intervention components Duration
Adaptation
7. Mechanisms Factors that affect, or moderate Quality of delivery

positively  or  negatively, the Participant responsiveness (How
implementation process and its far participants fully accept and
degree with which an intervention is use the intervention, how far they
implemented. perceive the intervention to be
useful and how individuals
responsible for delivering It
responded)
Intervention complexity

Context

* The first category was assessed by developing the theory of change (presented in Chapter 3) that gave a clear
description of the intervention, including how it was implemented, and how it was expected to work.

6.4 Results

It is clear from the review of several research records that “Girardot Aedes-Free” intervention followed
the ExpandNet/WHO framework’s three stages with varying degrees of implementation. It started with
the pilot test to determine its efficacy and scalability (24), followed by the development and
implementation of the scaling-up strategy presented later in this chapter. In the second stage, a
participatory and multisector process was attained, and different strategic choices were considered. The
last phase (phase 3), which demands managing the scaling-up process, was not evidenced but the analysis

carried out will provide evidence of key lessons emerging at each stage.

Results will be presented following the categories and subcategories proposed in Table 6.1 and
categorised later in Table 6.4 as factors that hindered or enabled both the scaling-up process and the

implementation of the intervention.

6.4.1 The Innovation (“Girardot Aedes-Free” intervention)
The core components of “Girardot Aedes-Free” Intervention were described and operationalised as
presented in Chapter 3. The intervention revolved around four components (mobilisation and joint

collaboration of actors and sectors, operational planning, community actions and monitoring, and

evaluation) implemented during three phases. The interaction of these components aimed at increasing
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awareness and knowledge on dengue and its vector, as well as strengthening the capacity for action
through multi and intersectoral collaborations. The expected distal effects were the institutionalisation
of the intervention in the local vector control programme, multi and intersectoral actions for the
continued control of Aedes aegypti, leading to a reduction in the density of the dengue vector, and fewer

reported dengue cases.

The “CORRECT” attributes of “Girardot Aedes-Free” intervention are presented in Table 6.2. “Girardot
Aedes-Free” intervention has many of the attributes needed for a successful scaling-up process. “Girardot
Aedes-Free” intervention is Credible as it was conducted by Fundacién Santa Fe de Bogota (FSFB), a
respected health institution, in co-coordination of other academic local institutions. The intervention is
Relevant as it provides a sound and adapted solution to address a disease with high burden in the
municipality such as dengue and potentially other arbovirus of recent introduction in the country
(Chikungunya and Zika). “Girardot Aedes-Free”, specifically the environmental component of the
intervention, offers a Relative advantage as it confers a long-lasting protection to the most productive
vector breeding site with a net. However, container covers are not Easy to install and are costly due to
the diversity of water tanks shapes and require training and expertise to customise. Other components
of the intervention, such social mobilisation and raising awareness provides opportunities to reach and
engage community members. “Girardot Aedes-Free” intervention is Compatible with existing national and
local priorities of arboviruses prevention in Colombia. “Girardot Aedes-Free” intervention, and similar
Aedes control interventions using ITM (25-29) have been Tested for their efficacy in cluster randomised
trials. Furthermore, additional evidence of the effectiveness in reducing Ae. aegypti indices and reported

dengue cases is shown in Chapters 4 and 5.
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Table 6.2. CORRECT characteristics of “Girardot Aedes-Free” intervention

Intervention attribute Key Questions for Scale-Up* Girardot Aedes-Free intervention

Credible 1.Have results of pilot testing the innovation been cCRTs have been conducted in the study area
documented? and in similar setting in other Latin American
2. How sound is the evidence? countries as documented in the introduction of
3.1Is further evidence/better documentation needed? Chapter 5. Effectiveness of the intervention

4 Has the innovation been tested in the type of setting wasdocumented in Chapter 4 and 5 for 2 of the
where it will be scaled up? 4 sectors where the intervention was
implemented.
Research was conducted by credible
researchers in directly relevant settings in

Latin American countries.

Observable 1.How observable are results? Results from the cCRT (pilot study) are
unequivocal in demonstrating lower Ae.
aegypti indices (PPI).

Less evidence is available for reduction in
dengue cases and dependent of the

sustainability of the intervention.

Relevant 1.Does the innovation addresses a felt need, persistent “Girardot Aedes-Free” addresses the persistent
problem, or policy priority? problem of finding only dengue but other

arboviral diseases and finds ways for its

prevention and control. In addition, addresses

a policy priority as 95% of the country is at risk

of arbovirus.
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It is directly relevant in 95% of Colombia and
particularly the state of Cundinamarca that
have the greatest dengue incidence and burden

of infection.

Relative advantage

1. Does the innovation have relative advantage over
existing practices?
2. Is it more cost-effective than

existing practices or alternatives?

Container covers are a one-time component
intervention, resulting in lifelong protection of
productive containers resulting in lower vector
indices.

Modelling, costing, and impact studies indicate
that is costly but cost effective.

The potential impact is greater than local

control program interventions.

Easy to install and understand

1. What degree of change from current norms, practices,
and levels of resources is implied in the innovation?

2. What is the level of technical sophistication needed to
introduce the innovation?

3. Are major additional human or financial resources and

commodities needed to introduce the innovation?

Container lids are a challenging component of
the intervention to implement since it requires
some degree of skills to customise each lid to
the different shapes of tanks (Figures of covers

can be seen in Appendix C2)

Insufficient procurement of insecticide
materials and aluminium for construction the

covers.

The number of covers necessary to achieve

higher impact on dengue transmission is at
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least to cover 70% of all households, with
consequently potential implications for human

resources, facilities, and supplies.

Compatible 1. Is the innovation compatible with current values or
services of the user organisation?
2. Will it be difficult to maintain the basic values of the
innovation as expansion proceeds?
3. Will changes in logistics need to be made to
accommodate the innovation?
4. Which components will need local

adaptation to be relevant for changes in local context?

The prevention and control of Aedes-
transmitted diseases are a regional, national
and local policy priorities.

Resource allocation is needed for expansion
and for accommodation of the innovation in the

local policy.

Testable 1. Can the user organisation test the innovation in stages

without fully adopting it?

A pilot project was conducted previously
(24,30) and during this pilot the intervention
was tailored to the local context. This pilot
provided information for the present

subsequent scale-up under evaluation.

* Key questions to be answered for each of the attributes.
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6.4.2 The Environment
In this section, the contextual factors that build the conditions in which the intervention took place are

evidenced. Economic, political and dengue disease are the main contextual factors.

a. Economic context
Girardot is mainly defined as a touristic port that has historically received migrant populations from
various regions of the country. Since the late 19t and early 20t centuries, Girardot has been configured
as a water and land port that connects the north with the south regions of the country through the road
and the river port of the Magdalena River (31). These projects failed due to economic circumstances and
bad administrations, which culminated in the closing of the railroad operation in 1970 (32). From this

moment on, Girardot was configured from its development plans as a tourist centre (33).

Inquiring with residents about the importance and effect of Girardot's delimitation on tourism, some
elements were observed, such as the prioritization of tourists over residents, which has increased
informal commerce, service establishments (recreational places, restaurants, and discotheques) and

popular festivals.

“From the beginning Girardot is a population with a diverse culture because of all the
migration, that makes that there is no identity. (...) and then Girardot became a floating
population of people who come here only on weekends” (Community leader 2017).

Another element that was underlined in the interviews is that during the Chikungunya epidemics in 2015
tourism decreased, along with hotel occupancy and all related services to this economic activity. This
disease burden perceived in economic commercial activities is identified as an element that encourages

the association and joint action collaboration of different actors and sectors beyond health.

“The committee, as such, is a space for all of us who are active in the municipality to work
together to alleviate the burden of the Aedes aegypti, which attacks us particularly hard
since we are a tourist destination. Some visitors do not return because they became ill while
on vacation, and the publicity doesn't help either” (Multisectoral Committee member,
2017).

b. Political context
Historically, several corruption events have been reported since the adjudications for the construction
and operation of the railroad in Girardot (32). Since 1988, mayors of cites have been elected, therefore
decentralization of cities that give autonomy to local administration, has facilitated political negotiations
of votes and jobs in the local, state and national bureaucracies, resulting in a high turnover at all levels

from Health Secretariat to vector control program technicians. Most recently during the implementation

155



of the intervention the former and current mayor underwent criminal proceedings by the Attorney

General’s Office for vote buying. In words of a stakeholder:

"The mayors or governors, or deputies negotiate their posts with this political capital; for
example, a deputy says to the governor - “They gave me 10,000 - 15,000 votes and I became
a deputy”, and the governor responds: “clever, we will give X secretariat...”, and the senator
responds, “clever, I'll help you to get two of your people into the ministry if you help me get
those votes for the next elections in the Senate”. As a result, this is how political capital is
negotiated... and Colombian legislation is skewed and rife of with ignorance” (Key actor,
2017).

As aresult, these events produced high levels of turnover in the local government (i.e. of decision makers
and participation of vector control staff in intervention activities) with a change of opinions
and sometimes unclear decision-making powers in a decentralised administrative system (where the

national, province and municipal level compete).

c. Disease context (Dengue a cyclic priority)
Dengue is considered important, but its prioritisation is cyclic according to the outbreak of different

epidemics and the emergence of new viruses. It has been reported to be perceived as a transitory disease.

“People think that it is something seasonal, a disease of the moment like a flu, people don’t
think it’s important, they think that it’s a fad and that’s it” (Community leader, 2017).

Its prioritisation is associated with a case of death and recently other Aedes- borne diseases have changed
the way they are perceived given the Chikungunya (2014) and Zika epidemics (2015-2016), adding a

greater complexity regarding the sequelae and chronicity that these viruses present.

“What is dengue for you? Well, it is a terrible and a dangerous disease, that causes
inflammation and eventually death. Dengue fever is a haemorrhagic disease caused by the
dengue virus. They say it is transmitted by a mosquito. And what about Chikungunya? That
gave us all, it hurts the joints a lot, and you may present many sequelae” (Householder,
2017).

6.4.3 The resource team
The leading role in the management of the scaling-up process was mainly completed by the research
team. The research team is mainly composed of researchers from Fundacién Santa Fe de Bogota and
UNAD. They led meetings, proposed actions to scale up “Girardot Aedes-Free” intervention, and
coordinated training, field activities and resource mobilisation. These dynamic roles of the Fundacién
Santa Fe de Bogota (Research team) were identified in the interviews. It also highlights the tools and

support with which this institution contributed, based on the articulation with local and national entities.
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“As is the case of the Fundacion Santa Fe de Bogota, we know that it has been a strategic
partner in this research task, based on this research the municipality has been able to detect
the different factors and the different zones where these diseases may be incubating in the
municipality. These partners, these allies that help us to investigate (of course we do not
have the qualified personnel that performs that task), has been a fundamental tool for us to
complement other vector actions proposed by the state and municipal level for the control
of these tropical diseases” (Decision maker, 2017).

The research team promoted the inclusion of different actors and institutions in the promotion and
facilitation of the “Girardot Aedes-Free” intervention to widen the resource team. A multisectoral and
intersectoral committee (MSC) was built and approved based on a municipal agreement led by the Health
Secretariat. This committee involved different public and private organisations including education,
transit, social development secretaries, health services, churches, local academia, public schools, and
public services sectors, with the intention to support the scaling-up process through their diverse skills

in advocacy, resource mobilisation, monitoring and evaluation and training capacity.

The MSC is valued by key stakeholders and decision-makers, who report possible changes in the medium

and long term, impacting the VBD problem in the municipality.

“These committees are important because they allow us to link the different forces of the city
to support the implementation of the Integrated dengue strategy, to support programmes
such as Girardot Aedes-Free, they are participatory spaces where commitments and bridges
between the public and private sectors can be generated and built. The main space for vector
borne diseases has been generated by the Fundacion Santa Fe de Bogotd, which in recent
years has led an intersectoral working group where the health sector, trade unions, the
education sector of the municipality and other important actors are involved” (Multisectoral
Committee member, 2017).

It can be identified that participation of different actors has been key to scaling-up, as well as its
promotion in the national vector control guidelines such as the Integrated Management Strategy for

vector borne diseases (IMS).

“At the specific level of the municipalities, I think it has been very important that these
groups have been empowered, not only in the health sector but also in other sectors, to make
these public health events visible as a priority. I believe that we have already achieved to
have a background and a much more orderly articulation by the “EGI” (Estrategia de Gestion
Integrada in Spanish, IMS in English) to develop these activities in the face of an event such
as dengue” (Decision maker, 2016).

Multi and intersectoral action, as the starting point of vertical action for scaling up, was identified as the
axis that articulates participation and action, based on the prioritisation and co-responsibility of different

actors.
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"The role of community leaders should be that of greater responsibility, to be that overseer
within their community, to ensure that policies are concrete, and that people become aware
and that their culture matures, their tendency towards good habits and good practices. Let
it be a civic culture, the issue of being better citizens" (Decision maker, 2017).

Chapter 7 will describe in detail how the coalition was built and how it worked together to facilitate the

scaling-up and implementation process of the intervention.

6.4.4 The user organisation
In Colombia, vector control is delivered by vertical and limited vector control programmes coordinated
by state or municipal health secretaries (34). After the decentralisation process that took place in the
1980s, municipalities in Colombia were classified into six categories according to their institutional
capacity and financial and administrative autonomy and this defined their local decision making over
health and education decisions. Girardot, is currently category one, meaning there is a high-level financial

and administrative autonomy to carry out public health and vector control activities.

The Health Secretariat proposed the adoption and implementation of the innovation at scale on the
remaining two areas referred in Figure 3.1 in Chapter 3 (Sectors 3 and 4). However, it was evidenced that
the Health Secretariat played a passive role in leading the institutionalisation of the intervention. After
all the user organisation, due to political situation did not support the scaling up as the mayor had offered.
The mayor offered that he might order by decree that all new residential constructions (houses,
apartments), should have screens on windows but because he was removed for several month, political

commitment did not remain.

Furthermore, the vector control programme is a structured programme with a fixed methodology and
surveillance vector practice centered on documenting the presence and absence of larva, with limited
funding, and a declining (technical and management levels) and lack of commitment among the vector
control officers. Working with vector control officers was based on decisions by the local authorities as
well as willingness and ability to collaborate in a new control programme that included monitoring by
new vector surveillance methodologies (i.e. Pupae demographic surveys). Although these group of
officers were trained in the new methodologies there was no evidence that they adopted these

methodologies in their routine vector control activities during the study conduction.

6.4.5 The scaling-up strategy
The study protocol and monitoring study highlights the plan developed to deliver the intervention at
scale. It includes the actions proposed by the research team to include “Girardot Aedes-Free” into local
policies and local vector control programmes and identifies how the user organisation and other actors

from the resource team responded. Table 6.3 outlines the strategic choices related to the type of scaling-
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up in dissemination and advocacy, organisational processes, costs, resource mobilisation, monitoring and

evaluation.
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Table 6.3. Strategic choices identified

Strategic choice area

Choices identified that were decided

Type of Scaling up

Horizontal: expansion/replication of the intervention to cover 4 sectors
(10,000 households and public spaces)
Vertical: institutionalisation of the intervention through intersectoral

collaboration by a decree from the municipality mayor

Dissemination and advocacy

Communication and promotion of the intervention through community
participation and mobilisation and intersectoral committee meetings.

Communication tools: policy brief, brochures, mass media, Facebook,
publications of results in scientific journals, policy dialogues with
Ministry of Health (MoH) and state authorities during Zika epidemics,
technical assistance and training to vector control programme
technicians, technical assistance in research for education sector

(Teacher’s research committee, public schools and local universities)

Organizational process

Centralised gradual horizontal scaling up through research team and
other local actors (community leaders, high school students) and sectors
(members of multisectoral committee (see Chapter 7 for detailed
description) and local enterprises (dress makers and cover
manufacturers): bottom-up approach.

Participatory process building coalitions under an multisectoral

committee and local community members.

Costs and resource mobilisation

Costs and cost effectiveness were assessed by the economists of the
research team as a tool for resource mobilisation at national and local

government.

160



Resource allocation was mainly driven by donors from different national
governmental, non-governmental and international institutions:
Colciencias, IDRC and TDR: budget for conducting the research project
MoH: donated 1000 Insecticide treated nets

No local health control programme budgetary allocation was identified,
scarce participation of vector control technicians in field activities

although they were trained in different technical aspects of VBDs.

Monitoring and evaluation

Monitoring and evaluation were mainly led by the resource team.
Assessment of outcomes and impact:

-Cost effectiveness assessment by the research team (35)

-Impact assessment on dengue cases and vector density through field
studies and analysis of local health surveillance data (Chapters 4 and 5).
-Initial assessment of scaling-up process from research perspective in
comparison with other ongoing vector control scaling interventions in

Latin America (36).
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6.4.6 Implementation process (Fidelity and mechanisms)
Horizontal and vertical scaling-up of the “Girardot Aedes-Free” intervention was planned and conducted
during July 2015 and September 2017. The intervention was replicated in two (Sectors 1 and 2) of the
four sectors planned (see Figure 3.1 in Chapter 3). It was not institutionalised in the vector borne diseases
programme and legal local framework of Girardot, but a multisectoral steering committee for the
prevention and control of vector-borne diseases was established, which will be described in Chapter 7.
An analysis of the implementation of the intervention components revealed that most of the components
were faithfully implemented, although the monitoring and evaluation of the actions were expected to be
led by the user organisation (Health Secretariat vector control programme). Vector control staff
participation within the implementation at scale of the intervention was possible during the initial phases
and depended on the decision of the health secretariat administration. Once the scaling-up initiative had
started, a new local administration came into being, which was responsible for appointing vector control
staff and organising the activities. While the new administration settled, it was not possible to work with
sufficiently qualified staff in the scaling-up activity so the research team had to lead the implementation,
monitoring, and evaluation of all intervention components. Several meetings with the new municipal
administration helped to socialise the project and consolidate the project in a joint effort for the scaling-

up process.
Participant responsiveness

The interviews revealed that household actions were the principal component of the intervention
visualised by the actors. When asked about what the intervention consisted of, community members and

community leaders referred to the lids for covering large water tanks.

“«

.. Is a mesh that they place on the tanks to control the production or reproduction of
mosquitoes, someone would arrive, conduct a survey and two hours later the staff came and
do the work. It was according to the size of each tank, not specific measurements, but
according to the size of each, they will work on the nets for the tanks” (Community member,
2017)

a. General perception

The semi-structured interviews, as well as follow-up questionnaires, reported comparable results
regarding participant perceptions about the intervention that turned around general perceptions of the

intervention’s delivery and installation, characteristics, quality, acceptance, and use of lids.

The majority of interviewed community members (95%, n=23) for whom lids for water tanks were

installed, reported the intervention as “good”. Likewise, most members surveyed during follow-up (93%
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n= 1085), were willing to recommend the covers to others. The main perceptions about the usefulness
of the lids were linked to the effect: covers reduce mosquito larvae in water tanks, stop mosquitoes from
entering to lay eggs, and prevent the water from getting dirty. Likewise, 63% (729/1163) of the
household members surveyed responded that they perceived fewer mosquitoes’ larvae or pupae in water

tanks covered by the lids.

In addition, changes in mosquito control actions were identified. Some 50% (n=12) of participants
interviewed reported that their mosquito control practices had changed since the covers were installed.
This change was stated in terms of suspending the use of chlorine tablets in water tanks and offering
“peace of mind” in having water reservoirs fuller since mosquitoes will not reproduce. People who had
not modified their practices argued that fumigation eliminated other insects such as cockroaches and
ticks. Those who continued to use chlorine pills in water tanks said they did it to have double protection.
The use of chlorine tablets in water tanks is a common practice in Girardot to reduce mosquito larvae
and pupae and keep the water “clean”. The latter point is supported by the data from follow-up surveys.
Here, only 8% (n=92/1163) of survey respondents reported that they had decrease their purchases in

insecticides or larvicides since the installation of covers.
b. Delivery and installation

92 % (n=1,071) of surveyed respondents reported that they were satisfied with the delivery of covers
(See Table 4.2 in Chapter 4).

The installation of the lids was reported as fast and straightforward, and the project’s staff were
described as “friendly” and “a great group of workers”. Problems reported during the installation
included the dirtiness and unclean cuts left, which could be dangerous when using the covers. The field
research staff agreed with the household members and argued that, in some cases, the need to make more

covers compromised the quality and cleanliness of the installation work.

...... I think that quantity was the most important thing, not quality, and I think that in a
project like this, quality is the most important thing. Because it is a research project, it needs
to last, .... Here you also need quantity, so quality and quantity need to work hand in hand,
quality and quantity can be done, you can’t only focus on quantity because, if it's quantity,
the person who is doing the covers is going to win more money, and they are going to lose
because they are damaging the project, so to speak, because in many households people say
that, they come in a hurry and they don't do things well” (Project field staff, 2017).

c¢. Characteristics of water container covers

Several characteristics of the covers were identified. The practicality of covers, understood from its use

and design, was reported by the participants interviewed. Community leaders and the community in
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general highlighted the slide and hinge mechanism for its innovation and easiness of use. They also valued
the custom-made work in each water reservoir, based on the measurements and the elaboration of each
cover specifically for each water tank, showing great results and complexity (Appendix C2: Images A to L.

Types of water containers lids of Chapter 3).

“It is a new mechanism, it can be covered and uncovered very easily” (Householder, 2017).

Aluminium as the frame material was considered an advantage of the lid given its low weight.
Additionally, it was reported to fulfil an aesthetic function as it “beautifies” the water reservoirs. It was
identified that the lid is part of a project that is making the problem of dengue and Chikungunya visible,

which is not a priority for the municipality’s authorities, leaders, and residents.

“It is a problem to which no attention is paid” (Community leader, 2017).

The quality of the covers materials was reported as high, with 82% (n= 957) reporting that the quality of
material was good and only 24% (n= 279) recommending changes (Table 4.2 Chapter 4).

The shortcomings identified by residents and community leaders were primarily related to the
insecticide net. It was identified as being thin and with a soft material, which was unsteady and became
loose from the aluminium frame, being of poor quality because “it breaks”. Participants also reported the

poor quality of hinges, which in some cases broke.

When discussing these perceptions with the project staff, it was identified that the net was very fragile
and could easily break or detach from the frame for several reasons (inadequate quality of materials,

inadequate use, inadequate installation).

“... in some cases, one can obviously say that it was due to manipulation by householders, in
other cases we found that it was the material, we found damaged and loose screws.... The
net was installed very tight that opening and closing the cover caused them to come loose...”
(Project field staff) .

“..., among the disadvantages of the covers, householders complaint about the awing of the
net, we put them up ourselves, we help to attach the net to the frame, but the net is very, very
soft, and it breaks with nothing, by just looking at it, it falls off. (Project field staff, 2017)

They also confirmed the poor quality of hinges in the field and changed the supplier. Furthermore, at the
time of follow-up, the majority of lids that were not being used or were damaged were due to misuse,

such as placing heavy objects on top of nets. Some people claimed that animals such as cats would sit on
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the covers, breaking, loosening, and weakening the nets. This was validated by the research field staff

members that saw this event during field supervision.

“It was the neighbour's cat, and we saw it, ... we went to look at the mesh, and it was loose,
and the mesh could be fixed, so one said, ok the cat theory can be true. Yes, because we went
into two houses and householders from both houses gave the same theory, ..., they were next
door to each other and there was a cat...” (Project field staff, 2017)

d. Acceptance

When asked what elements facilitated the acceptability of covers, the most reported characteristic was
that it had no cost, which community leaders and the community valued. The reason for refusing to accept
the covers was a fear that their price would be charged on utility bills. In two cases, the delivery of the
lids was associated with political campaigns and social aid programmes of the mayor’s office. Regarding
this point, 29% (n=7) of participants identified the Fundaciéon Santa Fe de Bogota as the executor
institution. They also mentioned the Secretariat of Health, the National Open and Distance University

(UNAD), the government of Cundinamarca, and the Ministry of Health.

“Because is it free, now nobody gives anything for free” (Householder, 2017).

Accessibility of households was possible due to the process of working together with the presidents of
the community action boards. In Colombia community action boards are civic, social, non-profit and
solidarity-based organizations, formed by citizens belonging to a community, neighbourhood, group, or
sector of each municipality, locality or district in the country, with legal status and their own assets. They
are autonomously organized with the purpose of promoting an integral and sustainable development

built from the exercise of participatory democracy in the management of community development.

Likewise, working with local suppliers, recognised local personnel and students improved the reception
of the community towards the intervention and the dissemination of the information. In addition, making
the lids available in the homes, having continuous presence in the neighbourhoods, and carrying out
monitoring activities raised interest among other community members and household members. This
element of natural dissemination of information increased the acceptability of residents based on better

knowledge and materialisation of the intervention.

“As people see that we are from here, they do not generate so much resistance. It is easy to
know who is from here. There are also many casual friends. People see that we go to a house,
and then we go to another to install the lids, and that reduces distrust” (Lids implementer,
2017).

A limiting factor for acceptability included the lack of risk perception and the importance of the project.

165



“Families believe that they are immune to these diseases. People think that because they
are strong, it does not affect them” (Householder, 2017).

It is argued that people stopped using the covers because they did not perceive the added value as the
installation of lids did not require their work. For this reason, they did not repair the covers. Besides,

there was a dilemma in terms of either giving the lids for free or charging for them.

“People like everything given away, they don’t appreciate it, and there is no sense of
belonging” (Community leader, 2017).

“Why don’t people take care of things? Because maybe it does not cost them. When thinks
cost you, you take care of them (...), but if things are charged it is worse, people do not allow
to install them” (Householder, 2017).

According to the perception of the project staff, there was a high level of acceptance of covers, which is a

factor that influence continued use.

“What is the level of acceptance? It all depends on how well community members take care
of the covers, as well as whether or not the cover was valued as good or bad (...) Based on
the first follow-up, I believe that 80 percent of those who liked the covers will continue to
take care of them, and in this way, this can be a sustainable intervention.” (2017, Project
Field Staff)

e. Use

Four out of 18 interviewed household members reported that the cover was damaged or was not being
used at the time of the semi-structured interview. Likewise, satisfaction follow-up surveys reported that
among the householders not using the covers at the moment of the survey (159), 76 % (121) of this was
due to damage. The damage tended to be that the net had been broken or the frame had fallen. The more
complex designed lids were associated with damage, particularly lids of large water tanks that were no
longer in use. 3% (37) of respondents reported that they had repaired the cover (net repair: 21 and

aluminium frame repair: 16).

Regarding the continued use of covers, householders discussed what they would repair the lid it became
damaged. Both project staff and community leaders argued that there would be some cases in which the

lid would not be repaired, as this generated a cost.

“People do not have money to repair or make new covers” (Householder, 2017).

However, 87% (n=1,012) of the surveyed household members reported that they were willing to pay for

the lids if they were sold.
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Another limitation for using the lids was “the lack of habit” of the household members, which was
associated with not taking care of and not repairing them. It was evidenced that the information provided
was insufficient to repair the covers and acquire the nets in case of damage. Therefore, the community
suggested that a brochure should be delivered with information and places to consult in cases of damage

or deterioration.

6.4.7 Barriers and facilitators
The barriers and facilitators for the scale up of “Girardot Aedes-Free” are summarized below by domains

in Table 6.4.

Table 6.4. Facilitators and barriers for the expansion and institutionalisation of “Girardot Aedes-

Free” intervention

Categories/Domains Facilitators Barriers

Environment (inner and e International and national e Corruption

outer context) policy support e Political instability
e Dengue policy priority
e Financing support (MoH,
IDRC, TDR, Colciencias)
e Aedes control in the era of
emerging arboviruses
e Prior work of resource

team in the area

Innovation characteristics

Correct attributes

Evidence based (previous

efficacy trial)
Participatory design
(Ecohealth approach)

No local sources for
purchasing or acquiring
insecticide treated nets
Insufficient quality of nets
Insufficient qualified

manufactures

Resource team

characteristics

Leadership capacity
Well known scientific
institution

High capacity for engaging

stakeholders

Insufficient outreach for

knowledge transfer

User organisation

characteristics

Health secretariat finds the

intervention acceptable

Insufficient resources for

further scaling
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e Weak monitoring and
evaluation mechanisms

e High rate of technical staff

turnover
o Insufficient leadership
attributes
Scaling-up process o Leadership of resource e Noincorporation of the

team for expansion and e intervention inlocal policy
stakeholder engagement e Lack of sustainability of
intersectoral committee

e Lack of financial planning

Participant responsiveness e Community members and e Unavailability of resources
householders find ITM to repair lids damaged.
covers acceptable and

useful

6.5Discussion

This study evaluated the scaling-up and implementation processes of a vector control intervention
(“Girardot Aedes-Free”) by analysing the identified facilitators and barriers identified. There is a growing
literature on key factors influencing the scaling-up and implementation of health interventions in
different settings particularly in the fields of maternal, reproductive health and nutrition (37,38), but
scarce documentation is evident in vector-borne diseases and this is even more pronounced for dengue.
This study makes its contribution by considering the role of each factor in the process of expanding and

institutionalizing and intervention for the control and prevention of Ae. aegypti at a local level.

Innovation/Intervention characteristics

Specific characteristics or attributes of an intervention facilitates its scaling up. “Girardot Aedes-Free”
intervention, arguably has five (credible, observable, relevant, relative advantage, and testable) of the
seven attributes needed for a successful scaling-up process. For example, the initial phases of the

intervention, a pilot study carried out in 2015 (39), demonstrated that the intervention was effective, as
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has been demonstrated in studies conducted in other countries through CRT (40,41). Furthermore, the
pilot served as a deciding mechanism of what elements should be scaled up or adapted. The pilot study
evaluated the coverage and uses attained of both the covers and curtains implemented. The analysis
revealed that 29 weeks after curtains implementation the percentage of use decrease to 45% for several
reasons (house decoration during Christmas, cleaning and change of household) (24). The later has been
alsobeen reported by Vanlerberghe, et al.(42) in Venezuela and Thailand (43,44) reporting that the effect
(reduction in entomological indexes) depends on the coverage attained, and this declines rapidly over
time. In addition the study in Thailand, reported that house designs were unsuitable for using ITNs (45).
Moreover, the evaluation of the intervention in other areas under a quasi-experimental design (evidence
from the real-world trial), reported in Chapters 4 and 5, suggests that the intervention is still effective in
reducing vector density and dengue cases even though curtains were not included for the scaling-up

phase.

Recently, Beets et al. (46) discussed the importance of pilot /feasibility studies as primary phase to
optimise the identification of interventions that should be scaled-up. They argue that to guarantee that
an investment in a bigger, more well-powered study is justified, considerable thinking and preparation
are necessary to create "adequate” evidence. Smaller-scale experiments feed larger-scale trials. Starting
small seems logical, but smaller studies come with major judgments that might affect the value of the
evidence used to guide decisions about whether to move forward with a larger-scale study. The authors
analyse that It's difficult to build enough data from smaller research to warrant larger-scale, decisive
trials. The type and amount of evidence required to be regarded acceptable for any specific intervention
is intrinsically diverse, ranging from interviews with persons of the target group to a small-scale

randomized experiment that resembles the larger-scale study.

One of the challenging attributes of “Girardot Aedes-Free” intervention was its complex installation of lids.
It is important for scaling-up interventions to propose technologies easy to install, understand. The
diversity of household ground water containers posed challenge to implement mass installation of lids.
As each household had a unique design and size of water containers, implemented lids had to be

customized for each container.

Another limiting attribute of “Girardot Aedes-Free” intervention was its compatibility and need for
additional planning. The intervention required resource allocation expansion and accommodation of the
innovation in the local policy. Though multiple efforts were made to locally institutionalize the
intervention through t