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Abstract

Background: The growing burden of dengue fever and the lack of a vaccine or specific medical treatment have
increased the urgency of the public health sector to identify alternative management strategies. A prevailing trend
in Latin America has been a shift towards decentralized vector control programs with integrated management
strategies, requiring significant intersectoral coordination, community engagement, and knowledge of the local
social-ecological system (SES). Community perceptions and responses are a critical component of this system, since
perceptions shape actions, and thus govern behavioral responses and acceptance of shifts in policy and management.

Methods: We investigated perceptions, misconceptions, and local SES risk factors for dengue in high risk communities
located at the urban periphery and center in Machala, Ecuador. We facilitated twelve focus group discussions with
community members using semi-structured question guides and causal diagrams. Focus groups were recorded,
transcribed, and coded to identify emergent themes using qualitative methods for theme analysis. To estimate the
relative importance of the themes in each study area, we tabulated the number of focus groups in which each theme
was present. Household surveys (n = 79) were conducted to further explore these themes, and we compared survey
responses from the two areas using descriptive statistics.

Results: We identified thirty biophysical, political-institutional, and community-household risk factors for dengue.
People at the periphery identified a greater number of risk factors. Dengue control required considerable investment of
time and resources, which presented a greater challenge for women and people at the periphery. Common
misperceptions included confusion with other febrile diseases, lack of knowledge of transmission mechanisms, and
misconceptions about mosquito behavior. People perceived that dengue control programs had been limited by the
lack of inter-institutional coordination and lack of social cohesion.

Conclusions: There is a need for local, policy-relevant research that can be translated to strengthen the design,
implementation, and evaluation of new dengue management strategies. This study contributes to a growing body of
research in this area. Based on these findings, we identify key policy and management recommendations that will
inform the ongoing transition to a decentralized dengue control program in Ecuador and other dengue endemic
countries.
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Background

Dengue fever, a mosquito-borne febrile viral illness, con-
tinues to increase in severity, incidence, and distribution
in Latin America and the Caribbean [1]. Over 8.4 million
cases were reported in the Americas from 2000 to 2010, a
dramatic increase from the 2.7 million cases reported in
the 1990s [2]. Until a vaccine becomes available, control
of Aedes aegypti and Aedes albopictus mosquitoes remains
the principal means of preventing and managing dengue
outbreaks. However, the sustainability of traditional vector
control strategies is threatened by the high demand for
materials (larvicide, adult insecticides), trained field
personnel, and the high frequency of household visits
required in endemic regions.

In Ecuador, dengue has replaced malaria as the most
prevalent mosquito-borne disease [3]. More than 100,000
cases of dengue have been reported from Ecuador over
the last decade, principally from the lowland coastal re-
gion, where the disease is hyper-endemic [3]. Notably,
Machala, Ecuador, the site of this study, had the highest
Ae. aegypti indices in recent multi-country studies in Asia
and Latin America [4,5]. In 2010, southern coastal
Ecuador experienced the largest dengue epidemic on rec-
ord (Figure 1). The epidemic began in the city of Machala,
El Oro province, where 2,019 cases of dengue fever and 77
cases of dengue hemorrhagic fever (DHF) were reported,
resulting in incidence rates of 83.6 cases of dengue and
3.2 cases of DHF per 10,000 population. People under the
age of twenty bore the greatest burden of disease, account-
ing for 58% of all reported cases [6,7].

The growing burden of dengue, the lack of a vaccine or
specific medical treatment, and the high cost of vector
control have increased the urgency of the public health
sector to identify alternative management strategies. The
Pan American Health Organization and others have sup-
ported a shift from traditional vertical control programs
towards decentralized vector control programs with inte-
grated management strategies in dengue endemic regions
[8-11]. This model aims to improve flows of information
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Figure 1 Annual dengue fever incidence in El Oro Province,
2000-2013 [6].
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and response time by linking clinical care, vector and
virus surveillance, and environmental surveillance, while
engaging community members and stakeholders from sec-
tors not typically involved in disease control (e.g., edu-
cators, waste management decision makers, business
owners). This transition is ongoing in Ecuador, requiring
significant intersectoral coordination, community engage-
ment, and knowledge of the local social-ecological system
(SES) drivers that influence dengue transmission [12].
Through previous studies in Ecuador, we have begun to
characterize this system, demonstrating that dengue risk is
associated with local socio-demographic factors and cli-
mate [13-15]. Community perceptions and responses, the
focus of this study, are critical components of this system,
since perceptions shape actions and thus govern behav-
ioral responses and acceptance of shifts in policy and
management.

The SES approach provides a useful research framework
for understanding and identifying key local drivers of dis-
ease trransmission [16-20]. This problem-driven research
approach is grounded in systems thinking, and focuses on
the interactions among coupled human and natural sys-
tems that occur across a range of spatial, temporal and
organizational scales (e.g., individual, community, society)
[21]. Systems thinking allows the investigator to identify
key policy leverage points in the system — places where
decision makers and others can intervene to create desired
change. Previous studies have demonstrated the effective-
ness of similar approaches to study dengue and other pub-
lic health issues [4,5,12,22-26].

Here we present a novel application of the SES approach
to investigate community perceptions, misconceptions,
and local SES risk factors for dengue in Machala, Ecuador.
We conducted this investigation in high risk communities
located at the urban periphery and center, one year after
the 2010 epidemic, and we compared findings between
the two sites. This study contributes to an ongoing multi-
year study to strengthen integrated dengue surveillance
systems in Machala in partnership with the Ministry
of Health and National Institute of Meteorology and
Hydrology. The results of this study provide informa-
tion that will inform the design and implementation of
dengue control and surveillance interventions during
this period of transition to a decentralized vector con-
trol program.

Methods

Study site and study population

Machala (population of 245,972) is the capital city of El
Oro Province [7], and is a major port on the Pacific Coast,
located 70 kilometers north of the Peruvian border. The
economy in the region is based on primary production
from agriculture (banana, cacao, coffee), fisheries, aqua-
culture (shrimp), and mining. Machala is typical of mid-
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sized cities in Latin America that experienced rapid, un-
planned growth from 1960 to 1980, resulting in uneven
access to piped water, garbage collection, and paved roads
in the urban periphery. The socio-demographic character-
istics of Machala have been described previously [13,26].
We conducted this investigation in two proximate
(0.5 km apart) urban areas in Machala. The peripheral
study area (PA) comprised two adjacent communities
located at the southernmost edge of the city, Primero
de Enero (population of 687) and Heroes de Jambeli
(population of 388) (Figure 2). Some PA households were
invasiones (e.g., properties without legal land tenure),
limiting their access to municipal services. The central
study area (CA) was comprised of the Veinte-cinco de
Diciembre (population of 906) (Figure 2), an urban resi-
dential neighborhood, with recent improvements in infra-
structure. Population estimates were derived from the
2010 national census in a previous study [15]. The study
areas were among the most affected during the 2010 epi-
demic. Forty cases of dengue were reported from the PA
(372 cases per 10,000 pop.) and sixteen cases were
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reported from the CA (177 cases per 10,000 pop.) accord-
ing to Ministry of Health records [6].

Research methods

This study was conducted from December 2010 to May
2011, in conjunction with a surveillance study that in-
vestigated the climatic and household factors influencing
seasonal Ae. aegypti dynamics in these same communi-
ties [13].

Focus groups

We recruited community members to participate in focus
group discussions in consultation with the presidents of
each neighborhood council. People were selected on the
basis of gender, community of residence, and a range of
past experiences with dengue (some with dengue infec-
tions in their family, others without). An average of five
to six people participated in each focus group (range 3
to 8 people), which were segmented by gender and
neighborhood (2 neighborhoods from the PA, 1 CA
neighborhood).
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Figure 2 Location of study sites in Machala, Ecuador. Central area (CA) and peripheral area (PA) study sites indicated, with urban neighborhoods
and land use. Land use map source: Ecuadorian Ministry of Agriculture, Livestock, Aquaculture and Fisheries (MAGAP), http://geoportal.magap.gob.ec/.
Neighborhood map source: National Institute of Meteorology and Hydrology of Ecuador (INAMHI).
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We facilitated semi-structured focus group discussions
and causal diagram focus group discussions with groups
of men and women from each neighborhood, for a total
of 4 focus groups in the CA and 8 in the PA. The semi-
structured focus group question guide included open-
ended questions regarding people’s previous experiences
with dengue, prevention practices, and the roles of the
community and government in dengue control. Within
two weeks the same groups reconvened to create causal
(system) diagrams depicting the risk factors for dengue
in their community. Causal diagrams allowed us to cap-
ture people’s perceptions of the connections among the
social and environmental drivers influencing dengue
transmission in their communities [25], allowing the in-
vestigator to define the “hypothesis space” and system
boundaries [27]. Causal diagrams have been used by
many researchers in the field of public health and devel-
opment, with approaches ranging from wholly qualita-
tive to complex mathematical models [25,27-30]. We
adopted an approach similar to the “problem tree ana-
lysis”, a participatory rural appraisal (PRA) tool to under-
stand community perceptions of causality [31,32].

All focus group discussions were held in the evening
in a community meeting area and lasted between 60 and
90 minutes. Ministry of Health representatives were
present at every meeting to address misconceptions and
answer questions once the discussion was over. All dis-
cussions were tape-recorded and transcribed with per-
mission from participants. Principal investigator AMSI
facilitated the discussions, while co-investigators MS and
TO acted as observers and notetakers.

We analyzed transcripts from semi-structured focus
groups discussions and the text from causal diagrams to
identify emergent themes using standard qualitative
theme analysis methods based in grounded theory
[33,34]. AMSI manually coded transcripts from semi-
structured focus groups (984 codes) and text from the
causal diagrams (214 codes) in consultation with co-
investigators VAL, SJR, and MJBC. To estimate the rela-
tive importance of each theme in each study area, we
created a database of codes and themes in excel and tab-
ulated the number of focus groups in which each theme
emerged.

Household surveys

Following the completion of the focus groups, we de-
signed household survey questions to further explore the
themes that emerged, allowing investigators to triangu-
late quantitative and qualitative findings. Questions were
also informed by our experiences with a prior pilot study
on dengue led by co-investigator MJBC in Guayaquil,
Ecuador, in 2008, and an ongoing multi-country study of
dengue control interventions led by co-investigator EBA
in Machala, Ecuador. Surveys were evaluated by vector
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control technicians and co-investigators at the Ministry
of Health and field tested prior to use. We surveyed 79
households (39 PA households, 40 CA households) that
were participating the ongoing vector surveillance study
[13], where households were randomly selected to repre-
sent uniform distribution across each study area. The in-
clusion criterion was that a consenting adult at was
home during the day throughout the surveillance study
(November 2010 to June 2011). The head of the house-
hold or the responsible adult who resided in the home
during the day was asked to respond to questions in a
face-to-face interview that solicited information about
dengue knowledge and perceptions, household demo-
graphics, vector control and water storage practices, and
open-ended questions about the roles of the government
and community. We compared survey responses from
the two study areas using descriptive statistics in R (ie.,
Pearson’s Chi-squared test, Fisher’s Exact Test when
values in the contingency table were less than 5, and
Welch’s 2 sample two-sided independent t-test) [35].

Ethics statement

The investigation protocol was reviewed and approved
by the Institutional Review Board of Syracuse University.
Heads of households aged 18 years or older signed an
informed consent form before participating in household
surveys. Verbal and written consent was obtained from
all participants in focus groups, who were all over the
age of 18. No personal identifying information was
collected.

Results and discussion

Household survey results are presented in Tables 1, 2
and 3. Findings from semi-structured focus group dis-
cussions are presented in the text, and themes are pre-
sented in Additional file 1: Table S1. Findings from the
theme analysis of causal diagrams are presented in Figure 3
and Additional file 2: Table S2; emergent themes (n = 30)
are shown in ascending order of importance (number of
focus groups, range 1 to 6 out of 6).

Social-ecological risk factors

Through the analysis of causal diagrams, we found that
the local risk factors for dengue included interrelated bio-
physical, political-institutional, and community-household
factors (Figure 3). Climate was one of the most important
biophysical risk factors (6 out of 6 focus groups), reflecting
common knowledge that dengue risk was associated with
temperature and rainfall, as shown in our previous studies
[13,14]. The most important political-institutional risk fac-
tors were associated with access to municipal public ser-
vices and utilities (e.g., garbage collection, sewerage, piped
water), indicating that people conceptualized dengue risk
within the broader issues of urban development. Waste
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Table 1 Socio-demographic information of survey respondents (n = households)
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Peripheral area (n = 39) Central area (n = 40) p value

Number of people in surveyed households

People with self-reported previous dengue infection (% of people in surveyed households)

People with previous dengue infection who sought medical care (% of infected people)”

Young family (mean age <35)

Female head of household

Head of household with post-secondary education

Head of household immigrated for work in the past 2 years
Head of household is currently employed or seeking work®
Access to sewerage”

Access to municipal garbage collection™

Piped water inside the house

Daily or weekly interruptions in the piped water supply”
Water storage in cisterns or covered elevated tanks”

Water stored in other containers

170
33
25
30

19%
76%
77%
26%
24%
13%
92%
77%
85%
51%
39%
66%
54%

162
32
30
20

20%
94%
50%
30%
32%
20%
85%
100%
100%
88%
8%
95%
23%

1

0.082
0.025
0.856
0.608
0613
0481
0.002
0.011
0.001
0.001
0.001
0.008

p values <0.05 indicate significant differences between the study areas; values were calculated using Pearson’s Chi-squared test with Yates continuity correction,

unless otherwise indicated.
Ap values calculated by Fisher's Exact Test.

Table 2 Perceptions of dengue control from survey respondents (n = households)

Peripheral area (n = 39) Central area (n = 40) p value
Challenges to vector control in the household
No challenges 17 44% 20 50% 0.73
Lack of information” 7 18% 0 0% 0.005
Economic factors 14 36% 10 25% 0419
Lack of time” 5 13% 3 8% 0481
Too many mosquitoesA 1 3% 2 5% 1
Other: lack of concern, health issues, type of housingT 5 13% 17 43%
Role of the government in dengue control
Chemical control 26 67% 21 53% 0.292
Public health education 11 28% 10 25% 0.946
Public utilities & services 19 49% 8 20% 0014
Increase community interactions 7 18% 8 20% 1
Other: distribute mosquito nets, cut vegetation, chlorinate drinking water 4 10% 1 3%
Role of the community in dengue control
Become more united 18 46% 15 38% 0.793
Take preventative action in their own households 12 31% 15 38% 0.694
Ask for help from authorities 12 31% 7 18% 0.264
Organize community clean ups (mingas)™ 4 10% 3 8% 0.713
Other: educate each other, can't do anything, don't know" 2 5% 5 12%

p values <0.05 indicate significant differences between the study areas; values were calculated using Pearson’s Chi-squared test with Yates continuity correction,

unless otherwise indicated.
Ap values calculated by Fisher's Exact Test. fIndicates multiple responses.
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Table 3 Mosquito control practices from survey respondents (n = households)

Peripheral area (n = 39) Central area (n = 40) p value

Clean garbage 39 100% 40 100% 1
Cut vegetation 35 90% 34 85% 1
Close windows & doors® 36 92% 28 70% 0.02
Cover containers with water 30 77% 34 85% 0.53
Eliminate standing water 31 79% 32 80% 1
Fumigation 30 77% 28 70% 0.658
Add chemicals to water to kill larvae 24 62% 26 65% 0932
Use repellent 17 44% 23 58% 0312
Screens on windows & doors 20 51% 19 48% 0912
Pour burned diesel on floors & puddles 21 54% 12 30% 0.055
Burn incense or grass to make smoke 13 33% 14 35% 1
Other: mosquito nets, wash cistern, eat early, other insecticide’ 8 21% 8 20% 1

p values <0.05 indicate significant differences between the study areas; values
unless otherwise indicated.
Ap values calculated by Fisher's Exact Test. fIndicates multiple responses.

management was a major concern, especially in the urban
periphery, where people lacked access to garbage collec-

tion services.

“The man who lives at the corner outside, instead of
leaving the garbage out there, brings it in a cart and
throws it in the canal. And he lives right at the curb.
Imagine that! (PA participant)”.

were calculated using Pearson’s Chi-squared test with Yates continuity correction,

The most important community-household risk factors
were poor habits of cleanliness and attitudes regarding
cleanliness and prevention (6 of 6 focus groups, Figure 3).
People perceived that dengue risk in their community was
associated with other people’s careless or apathetic atti-
tudes, a concept that was captured, in part, by the phrase
“quemeimportismo” (understood to mean an attitude of
‘que me importa’ or ‘why should I care’).

BIOPHYSICAL

Abandoned properties
Location near periphery

Vegetation
Low elevation

Climate
Mosquitoes
Breeding sites

POLITICAL-INSTITUTIONAL

Urban planning process

Political access

Access to vector control

Access to paved streets
Strengthen regulations/policy
Access to sewerage

Access to potable water

Access to garbage
collection

COMMUNITY-HOUSEHOLD

Cost of vector control

Cost of water storage

Cost to elevate low-lying properties
Social cohesion (union)

Nutrition status

Immune status

Type of housing

Low income

Knowledge

Employment

Garbage disposal practices
Water storage practices

Dengue prevention practices
Attitudes towards
cleanliness & prevention
General cleanliness
practices

Figure 3 Risk factors associated with dengue identified through a thematic analysis of causal diagrams. Font size indicates the number
of focus groups in which the theme emerged (range 1 to 6). Themes that emerged only from the peripheral area (PA) are in italics; themes only
from the central area (CA) are underlined.
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“The neighbors don’t care and there is no way to say
anything to them. They are not interested. For
example, they don’t clean, don’t tidy up, and some say
‘if I get sick, if I am bitten, only then...” I mean it’s
their carelessness [quemeimportismo], sometimes they
are not interested (CA participant)”.

“If I, in my house, take actions, but the next door
neighbor doesn’t take action, then it’s all the same,
because the mosquito will fly throughout the sector.
So I think that there is the problem. There is still a
lack of motivation. All of that is lacking

(PA participant)”.

This finding supports findings by Mitchell-Foster
(2013), who identified quemeimportismo as a central
concept in community perceptions of dengue control in
Machala, indicating “a pervasive sense of the futility of
striving to improve conditions under the oppressive
thumb of corruption and social issues” (pg. 98) [36].

Dengue presented a greater burden of disease in the
PA compared to the CA during the 2010 outbreak, as
indicated by the incidence rate ratio (IRR) of 2.1 (95%
CI = 1.18, 3.76). Significantly more PA survey respondents
(74%) were aware of cases of dengue in the community
than CA respondents (50%) (p = 0.046, Chi-squared test),
and most PA people (87%) reported that dengue was a
problem in the community. Risk perception may have
been elevated during this study due to the recent epi-
demic, which had overwhelmed the capacity of the public
health system.

“There was a period of dengue when there were so
many people, people piled on top of each other, and
the hospital couldn’t take them (PA participant)”.

PA people identified a greater number of unique risk
factors for dengue (Figure 3, Additional file 2: Table S2).
People from both PA neighborhoods identified lack of pol-
itical access, lack of access to vector control, low income,
and lack of knowledge as risk factors. Factors unique to
Heroes de Jambeli included the lack of access to the urban
planning process, the cost to elevate low-lying properties,
lack of social cohesion, and type of employment. Factors
unique to the Primero de Enero included the cost of
improved water storage, nutrition and immune status,
type of housing. The cost of vector control was the only
factor unique to the CA neighborhood, Veinte Cinco de
Diciembre.

PA people perceived that they were neglected by
government institutions (i.e., lack of political access
in Figure 3), which increased their risk of dengue by
limiting their access to public services and urban
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planning, and increasing their exposure to environ-
mental contamination.

“This is an area where we have been marginalized
and they [the authorities] have left us abandoned
(PA participant)”.

“Here, I don’t see that we can prevent [dengue]...
there is a strong contamination that is all around us,
and this makes it difficult for me. (PA participant)”.

“We're not going to wait for you [the authorities] to
come do what we could do, but you also need to help
us (PA participant)”.

Significantly fewer peripheral households had access to
garbage collection, sewerage, and piped water inside the
home, and a greater number of households reported in-
terruptions in the piped water supply, necessitating
water storage in containers around the home (p <0.05,
Table 1). This disparity was greatest in areas that were
invasiones, areas without legal land tenure. Accordingly,
PA survey respondents identified a significantly greater
number of government actions needed to reduce dengue
in their communities (an average of 2.26 + 0.15 (s.e.) ac-
tions in the PA versus 1.33 + 0.16 actions in the CA, Stu-
dent’s t-test, p <0.001), with significantly greater demand
for access to public services, such as piped water and
garbage collection (p = 0.014, Table 2).

In contrast, CA people felt empowered and well pre-
pared to prevent dengue, thanks to the recent munici-
pally supported infrastructure (regeneracion) projects.

“The people have constructed sidewalks, they have
organized communal clean-ups (mingas) to throw
out all rubbish, and I think a lot has been done, not
specifically to prevent dengue, no, but rather as

a mechanism to elevate the quality of life (CA
participant)”.

“They [the municipal government] have done a lot to
protect us. Now it depends on us (CA participant)”.

Recent regeneracion efforts in the CA were attributed,
in part, to strong personal connections with local au-
thorities, highlighting the importance of political access.
Although the majority of CA (95%) survey respondents
perceived that dengue was a problem in their commu-
nity, focus group participants identified other important
public health problems, such as alcoholism and drug
abuse. Fewer CA respondents (60%) had received infor-
mation about dengue and dengue prevention than PA
respondents (82%) (p = 0.056, Chi-squared test). Despite
recent improvements in infrastructure, a surveillance
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study conducted in 2010-2011 found that Ae. aegypti
was more abundant in the CA than in the PA, espe-
cially during the rainy season [31]. This unexpected
finding may be due to people who continued to store
water as a backup water source despite improved
access to piped water (i.e., a lag in behavioral change
following rapid changes in urban infrastructure).
These findings suggest that the regeneracion efforts
and lack of information may have lent people a false
sense of security, causing them to underestimate their
risk.

Our results indicate that the center-periphery social
context plays an important role in community perceptions
and responses to dengue risk, and should be considered in
the design and implementation of interventions that target
site-specific risk factors. These key differences include
disparities in access to public services and economic re-
sources, and perceptions of risk, empowerment, and polit-
ical access. Our results also indicate that interventions
may be more effective if they are framed within the
broader development priorities that are specific to each
community, such as legal land tenure and access to public
services in the periphery versus the regeneracion efforts in
the central area. This approach would enhance the bene-
fits that people receive and increase the likelihood that
people will adopt new preventative behaviors [37]. By ad-
dressing dengue control as part of the broader issue of
waste management, for example, the public sector on the
Galapagos Islands of Ecuador implemented a successful
campaign to reduce Ae. aegypti. The campaign focused on
the elimination of tires, the potential use of tires as recyc-
lable material, improvement in people’s quality of life, and
benefits to local tourism. Similarly, vector control inter-
ventions in Asia that included waste management activ-
ities were able to more effectively reduce vector densities
[12]. Interventions that target populations at the urban
periphery could include the development of mosquito-
proof public housing (similar to the project Healthy
Houses for Healthy Living to prevent Chagas disease in
Ecuador, M.J. Grijalva, pers. comm.), upgrading piped
water infrastructure, subsidies or grants to improve water
storage systems (e.g., for cisterns and pumps), and collab-
orations with large-scale, private shrimp and banana pro-
ducers to improve waste management.

Household dengue prevention

We found that mosquito control required a considerable
investment of time and resources by households in both
areas. Survey respondents said that they employed 7 to 8
mosquito control strategies, on average, including chem-
ical control, elimination of larval habitat, and mosquito
avoidance behaviors (Table 3). More PA respondents re-
ported pouring diesel on the floor to repel mosquitoes
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(p = 0.054) and closing windows and doors (p = 0.02),
mosquito avoidance practices that may reflect poorer
housing quality. Economic factors were the most com-
monly mentioned barrier to dengue prevention, identified
by 36% of PA respondents and 25% of CA respondents
(Table 2). Focus group participants, especially from the
PA, said that they struggled with the costs of insecticide,
mosquito nets, and screens for windows, as indicated by
the risk factors in Figure 3.

“As I see it, the difficulty is how we live. We live here
in bamboo houses... No matter what we do, the
mosquitoes enter and we get sick... What can we do
in this case? (PA participant)”.

“I think that one of the difficulties, many times, is the
economic situation of people... there are those of us
who don’t have resources to buy a mosquito net... and
we see many people who are extremely poor, who can
buy their small bed or sleeping mat, but don’t have
[anything] to protect themselves from the mosquitoes.
This is a reason why there is dengue (PA participant)”.

Studies from dengue and malaria endemic regions have
documented the high cost of household mosquito control
[38,39]. These findings highlight the importance of inter-
ventions that reduce the cost of household dengue pre-
vention, such as free or low-cost insecticide impregnated
screens or mosquito nets.

Women were largely responsible for dengue prevention
and the overall health of their families, which presented
additional challenges for working women.

“Sometimes we work, we get home late, sometimes
tired, and sometimes we don’t have time — even
though it doesn’t take much time (PA woman)”.

We found that 28% of households in this study were
headed by women (Table 1). Our previous research in
Machala showed that neighborhoods with a higher pro-
portion of households headed by women were at greater
risk for dengue infection [15]. These findings indicate the
potential to develop dengue interventions that target
working women and women heads of households. Parks
and Lloyd [37] highlight the important role of women in
social mobilization and behavioral impact interventions,
which could include educational campaigns to encourage
other members of the household to engage in prevention
and family health care, greater engagement with women
community leaders and women’s groups, and linking
dengue interventions to income-generation activities

for women.
We found that people’s perceptions of dengue and

mosquito control reflected social stigmas associated with
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poverty, uncleanliness, and disease. Despite the economic
barriers identified above, most people said in initial focus
group discussions that dengue prevention was straightfor-
ward, and depended on each individual (generally women)
to keep the house clean and free of standing water, regard-
less of income.

“Everything is clear. We each need to pay attention so
that... our house is as clean as possible, cared for, to
prevent dengue (PA participant)”.

“Cleanliness is something that does not have a cost,
only [requires] the will of the person to do it (CA
participant)”.

“We should be poor but clean (CA participant)”.

This rhetoric implied that people who had had dengue
were unclean and careless, and since women were re-
sponsible for dengue control, this blame could be trans-
ferred to them. These findings suggest that public health
messages that focus on clean homes for dengue preven-
tion (e.g., Patio Limpio campaigns) may reinforce social
stigmas and create misconceptions (see Knowledge
Gaps) that reduce the effectiveness of the interventions,
as shown in Mexico [40] and Puerto Rico [41]. Instead,
public health messages should aim to reduce stigmas as-
sociated with dengue and poverty that could act as bar-
riers to action, especially for communities in the urban
periphery.

Knowledge gaps

We identified three common dengue misperceptions
that persist despite ongoing education campaigns by the
Ministry of Health. PA people identified lack of know-
ledge as a risk factor and barrier to dengue prevention
(Figure 3, Challenges to prevention in Table 2). Miscon-
ceptions act as barriers to dengue prevention in the
household when they limit people’s ability to change
their behavior. These findings indicate the need for pub-
lic health messaging that targets local misconceptions
and for ongoing evaluation of the effectiveness of the
messaging.

1) People confused dengue with other mosquito- and
water-associated diseases, such as cholera, typhoid,
malaria, and general febrile illness.

“Once I got dengue, not specifically dengue, but
actually malaria, which I think is somehow related
(PA participant)”.

Other studies from Latin America and the Caribbean
also found that people confused dengue with malaria
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and other febrile and respiratory diseases [41-45]. These
findings suggest that self-reported dengue illness should
be interpreted cautiously.

2) People were unsure how the mosquitoes became
“contaminated” with dengue and whether the
disease was contagious. There was no mention of a
virus, bacteria or other microorganism. Some
thought that the mosquitoes acquired dengue from
contaminated waters, such as the sewerage canal,
while others thought that the mosquitoes always
carried the disease.

“They [the mosquitoes] deposit their eggs and from
there comes the dengue (CA participant)”.

3) People were unaware that the dengue mosquito fed
inside the home during the day, and they were
confused as to whether the dengue mosquito
emerged from “clean water” in containers around
the home or “dirty water” in the environment. Some
people claimed that they had been misinformed by
the authorities, which added to their frustration and
confusion,

“They told us that dengue, the mosquito, doesn’t
breed in the pools of water, but rather inside the
home... before they told us in the talks [at the clinic]
that the mosquito reproduces in the puddles and tires
with water and that they do not reproduce inside the
house. So now we are disoriented, so how can we
protect ourselves from dengue? (PA participant)”.

Studies from other countries identified similar miscon-
ceptions about Ae. aegypti [41,44,46]. They found that
people tend to construct a general mental model of mos-
quito ecology that matches the ecology of the common
culex mosquitoes, which are a nuisance, nocturnal, and
breed in “dirty” water in the environment. These mis-
conceptions reinforce our recommendation to avoid
public health messages about clean versus dirty house-
holds for dengue prevention.

Inter-institutional coordination and the
community-government partnership

People in focus groups reported that the Ministry of
Health and municipal government were the most im-
portant institutions engaged in dengue control; however,
there had been limited inter-institutional coordination.
Survey respondents reported that the primary roles of
the Ministry of Health should be to provide chemical
control and public health education, and the role of the
municipal government was to provide public services
and utilities (Table 2). It should be noted that the most



Stewart Ibarra et al. BMC Public Health 2014, 14:1135
http://www.biomedcentral.com/1471-2458/14/1135

important political-institutional risk factors (e.g., garbage
collection, piped water, sewerage) were municipal ser-
vices. Other studies that conducted a network analysis of
dengue control in this region also found that municipal
governments play a key role in dengue control [36].
These findings suggest that dengue control programs
could be more effective through stronger collaborations
with municipal governments, which are increasingly au-
tonomous and powerful in countries shifting towards
decentralized governance structures, as in Ecuador.

Only one third (32%) of survey respondents had par-
ticipated in dengue control efforts. Focus group partici-
pants expressed frustration that they had not been able
to effectively mobilize the community to prevent den-
gue, which they attributed to a lack of social cohesion
(desunion) in the community.

“If we are not united we cannot achieve our objective,
because they always say that unity is strength(PA
participant)”.

When asked about the role of the community in den-
gue prevention, “become more united” was the most
common response, reported by 46% of PA respondents
and 38% of CA respondents (Table 2). The desunion was
attributed to a lack of community leadership, individual-
istic attitudes and apathy, conflict between neighbors
due to socioeconomic differences, and lack of support
from government authorities.

“People are given to apathy. They are not interested
[in attending community meetings]. They stay home
and many times say, ‘No, I think this soap opera is
more interesting’... It really is like that. (PA
participant)”.

Other studies in Latin America also found that desu-
nion was an important factor in community responses to
dengue control [36,42]. Social cohesion is especially im-
portant in the urban periphery, where self-organization
and community initiative play an important role in secur-
ing legal land tenure by the municipality. Well-organized
communities with strong leadership are likely to achieve
legal tenure more quickly, and with that come the benefits
of basic urban services and planned urbanization.

Focus group participants identified the need to foster a
community-government partnership to improve the design
and implementation of dengue prevention interventions.

“I think that the Ministry of Health and the Municipal
government should... elaborate an intervention plan
based on the environment and context of our
neighborhood. This plan or project should be enriched
by the support of community representatives... I think

Page 10 of 12

they can [all] benefit from the coordination,
information, logistical support (CA participant)”.

Community organization and empowerment strategies
could be employed to foster this partnership and engage
communities in dengue control programs, as shown in
other countries [12,37,47-49]. Community health workers
could train community leaders to more effectively engage
with local institutions, reducing barriers to political access
and enabling them to articulate and lobby for their needs.
This approach is especially critical for peripheral commu-
nities that are not united and have limited prior experi-
ence partnering with the public sector.

Limitations

This study is limited by sampling in only high incidence
communities at one time point, by the number of study
participants, and by fewer focus groups in the CA than
in the PA. Although these small groups of community
members did not represent the whole community, their
perceptions and experiences reflected the prevailing situ-
ation in central and peripheral urban areas of Machala.
To better understand community perceptions and local
risk factors, we would ideally sample a greater number
of communities that represent a broader range of socio-
demographic conditions and dengue incidence. This type
of social-ecological community assessment should be an
ongoing process to better understand how people’s per-
ceptions and behaviors evolve as new interventions are
implemented.

Conclusions

There is a need for local, policy-relevant research that can
be translated to strengthen the design, implementation,
and evaluation of new dengue management strategies.
The findings from this study contribute to a growing body
of research in this area, highlighting the importance of
social-ecological community assessments to identify
priorities and goals of the community, misconceptions,
resource limitations and other challenges to dengue
prevention. Based on the findings of this study and our
experience working in the field, we have identified the
following key policy and management recommenda-
tions (leverage points) to inform the ongoing transition
to a decentralized dengue control program in Ecuador
and other dengue endemic countries:

e Social-ecological community assessments should be
part of an ongoing adaptive management process, to
better understand how people’s perceptions and
behaviors evolve as new interventions are
implemented.

o The center-periphery context (e.g., social cohesion,
political access, resource limitations, access to
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services) should be considered in the design and
implementation of interventions that target
site-specific risk factors. Interventions may be more
effective if they are framed within the broader
development priorities that are specific to each
community.

e Interventions that target marginalized populations at
the urban periphery could include the development
of mosquito-proof housing, upgrading piped water
infrastructure, subsidies or grants to improve water
storage systems (e.g., for cisterns and pumps),
collaborations with the private sector to improve
waste management, and free or low-cost insecticide
impregnated screens or mosquito nets.

e Urban infrastructure improvements that could
potentially reduce dengue risk (e.g., improved piped
water) should be coupled with social mobilization
and communication campaigns to create changes in
behavior (e.g., water storage practices).

e Interventions that target working women and
women heads of households could include
educational campaigns to encourage other members
of the household to engage in prevention and family
health care, greater engagement with women
community leaders and women’s groups, and linking
dengue interventions to income-generation activities
for women.

e Public health messages should target local
misconceptions, avoid messages about clean versus
dirty households, and aim to reduce the stigmas
associated with dengue and poverty that could act as
barriers to action. The effectiveness of the messaging
should be regularly evaluated.

e Stronger inter-institutional collaborations with
municipal governments could increase the
effectiveness of dengue control programs, especially
as programs become decentralized.

e Community organization and empowerment
strategies could be employed to reduce barriers to
political access in the urban periphery, and improve
community engagement in dengue control.
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semi-structured discussions.

Additional file 2: Table S2. Risk factors associated with dengue
identified through a thematic analysis of causal diagrams. Numbers indicate
the number of focus groups in which the theme emerged. Two focus
groups were conducted in each of the three communities, resulting in four
focus groups in the peripheral area and two in the central area. Data were
used to construct Figure 3.

Competing interests
The authors have no competing interests, financial or non-financial.

Page 11 of 12

Authors’ contributions

AMSI had overall responsibility for the study, which included the study
conception with VL, collaborating with co-authors on the study protocol,
analyzing the data and drafting the manuscript. AMSI, TO, MS, and EBA
implemented the focus group component of the study. AMSI conducted
household surveys. All authors, AMSI, VAL, MJBC, MS, TO, EBA, and SJR assisted
with interpretation of the data, provided feedback for this manuscript, and read
and approved the final manuscript.

Acknowledgements

We thank the residents of Heroes de Jambeli, Primero de Enero, and Veinte
Cinco de Diciembre for supporting and participating in this study. Many
thanks to Charles A. S. Hall and Timothy Endy for guidance throughout the
study and for insightful comments in preparation of this manuscript. We
thank Andres Medina, Renan Maldonado, Leonardo Farez and all others from
the Vector Control Service of the Ministry of Health who contributed to this
study. This work was supported in part by a Fulbright IIE Fellowship to AMSI.

Author details

'Center for Global Health and Translational Science and Department of
Microbiology & Immunology, State University of New York Upstate Medical
University, Syracuse, NY, USA. 2Departmen‘[ of Environmental Studies, State
University of New York College of Environmental Science and Forestry,
Syracuse, NY, USA. *Escuela Superior Politécnica del Litoral, Guayaquil,
Guayas, Ecuador. “Ministerio de Salud Publica, Machala, EI Oro, Ecuador.
°Facultad de Medicina, Universidad Técnica de Machala, Machala, El Oro,
Ecuador. ®Department of Geography and Emerging Pathogens Institute,
University of Florida, Gainesville, FL, USA. “School of Life Sciences, College of
Agriculture, Engineering, and Science, University of KwaZulu-Natal, Durban,
South Africa.

Received: 19 May 2014 Accepted: 23 October 2014
Published: 4 November 2014

References

1. San Martin JL, Brathwaite O, Zambrano B, Solérzano JO, Bouckenooghe A,
Dayan GH, Guzman MG: The epidemiology of dengue in the Americas
over the last three decades: a worrisome reality. The Am J Trop Med Hyg
2010, 82:128-135.

2. Guzman MG, Brathwaite O, Enria D, Hunsperger E, Kouri G, Montoya R,
Rodriguez-Roche R, Vasconcelos P, San Martin JL: Dengue in the American
Region. An Update; 2013 [http://www.tropika.net/svc/review/Guzman-
20110704-Review-Dengue]

3. Direccién Nacional de Vigilancia Epidemiolédgica: Anuario Epidemioldgico.
Quito, Ecuador: Ministerio de Salud Publica de Ecuador; 1994-2014 [http://
www.salud.gob.ec/direccion-nacional-de-vigilancia-epidemiologica/]

4. Arunachalam N, Tana S, Espino F, Kittayapong P, Abeyewickrem W, Wai KT,
Tyagi BK, Kroeger A, Sommerfeld J, Petzold M: Eco-bio-social determinants
of dengue vector breeding: a multicountry study in urban and periurban
Asia. Bull World Health Organ 2010, 88:173-184.

5. Quintero J, Brochero H, Manrique-Saide P, Barrera-Pérez M, Basso C, Romero S,
Caprara A, Cunha JCDL, Beltran Ayala E, Mitchell-Foster K, Kroeger A,
Sommerfeld J, Petzold M: Ecological, biological and social dimensions
of dengue vector breeding in five urban settings of Latin America:

a multi-country study. BMC Infect Dis 2014, 14:38.

6. Departamento de Epidemiologia: Casos de dengue reportados en el epi local
por semanas epidemioldgicas. Machala, Ecuador: Direccion Provincial de
Salud de EI Oro, Ministerio de Salud Publica; 2010.

7. INEC: Censo de poblacién y viviendo. Quito, Ecuador: Instituto Nacional de
Estadistica y Censos (INEC); 2010.

8. WHO: Global Strategy for Dengue Prevention and Control, 2012-2020. Geneva:
World Health Organization; [http://www.who.int/denguecontrol/
9789241504034/en/]

9. Morrison AC, Zielinski-Gutierrez E, Scott TW, Rosenberg R: Defining challenges
and proposing solutions for control of the virus vector Aedes aegypti.
PLOS Medicine 2008, 5:¢68.

10. Gubler DJ, Clark GG: Community involvement in the control of Aedes aegypti.
Acta Trop 1996, 61:169-179.

11, San Martin JL, Brathwaite-Dick O: Integrated strategy for dengue prevention
and control in the region of the americas. Rev Panam Salud Publica 2007,
21:55-63.


http://www.biomedcentral.com/content/supplementary/1471-2458-14-1135-S1.docx
http://www.biomedcentral.com/content/supplementary/1471-2458-14-1135-S2.docx
http://www.tropika.net/svc/review/Guzman-20110704-Review-Dengue
http://www.tropika.net/svc/review/Guzman-20110704-Review-Dengue
http://www.salud.gob.ec/direccion-nacional-de-vigilancia-epidemiologica/
http://www.salud.gob.ec/direccion-nacional-de-vigilancia-epidemiologica/
http://www.who.int/denguecontrol/9789241504034/en/
http://www.who.int/denguecontrol/9789241504034/en/

Stewart Ibarra et al. BMC Public Health 2014, 14:1135
http://www.biomedcentral.com/1471-2458/14/1135

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Sommerfeld J, Kroeger A: Eco-bio-social research on dengue in Asia: a
multicountry study on ecosystem and community-based approaches for
the control of dengue vectors in urban and peri-urban Asia. Pathog Glob
Health 2012, 106:428-435.

Stewart Ibarra AM, Ryan SJ, Beltrdn E, Mejia R, Silva M, Mufioz A Dengue
vector dynamics (Aedes aegypti) influenced by climate and social factors
in Ecuador: implications for targeted control. PLoS One 2013, 8:78263.
Stewart Ibarra AM, Lowe R: Climate and non-climate drivers of dengue
epidemics in southern coastal Ecuador. Am J Trop Med Hyg 2013, 88:971-981.
Stewart Ibarra AM, Mufioz AG, Ryan SJ, Borbor MJ, Ayala EB, Finkelstein JL,
Mejia R, Ordoriez T, Recalde-Coronel GC, Rivero K: Spatiotemporal clustering,
climate periodicity, and social-ecological risk factors for dengue during an
outbreak in Machala, Ecuador, in 2010. 2014, in press at BVIC Infectious Diseases
arXiv:14077913 [g-bio].

Wilcox BA, Colwell RR: Emerging and reemerging infectious diseases:
biocomplexity as an interdisciplinary paradigm. Ecohealth 2005, 2:244-257.
Spiegel J, Bennett S, Hattersley L, Hayden MH, Kittayapong P, Nalim S, Wang
DNC, Zielinski-Gutiérrez E, Gubler D: Barriers and bridges to prevention
and control of dengue: the need for a social-ecological approach.
Ecohealth 2005, 2:273-290.

Parkes MW, Bienen L, Breilh J, Hsu LN, McDonald M, Patz JA, Rosenthal JP, Sahani
M, Sleigh A, Waltner-Toews D, Yassi A: All hands on deck: transdisciplinary
approaches to emerging infectious disease. Ecohealth 2005, 2:258-272.

Liu J, Dietz T, Carpenter SR, Alberti M, Folke C, Moran E, Pell AN, Deadman P,
Kratz T, Lubchenco J, Ostrom E, Ouyang Z, Provencher W, Redman CL,
Schneider SH, Taylor WW: Complexity of coupled human and natural
systems. Science 2007, 317:1513.

Berkes F, Colding J, Folke C: Navigating Social-ecological Systems: Building
Resilience for Complexity and Change. New York: Cambridge Univ Pr; 2003.
Meadows DH: Thinking in Systems: A Primer. White River Junction: Chelsea
Green Publishing; 2008.

Zielinski-Gutierrez EC, Hayden MH: A model for defining West Nile virus
risk perception based on ecology and proximity. Ecohealth 2006, 3:28-34.
Spiegel JM, Bonet M, Ibarra AM, Pagliccia N, Ouellette V, Yassi A: Social and
environmental determinants of Aedes aegypti infestation in Central
Havana: results of a case-control study nested in an integrated dengue
surveillance programme in Cuba. TM& /H 2007, 12:503-510.

Hayden MH, Uejio CK, Walker K, Ramberg F, Moreno R, Rosales C, Gameros M,
Mearns LO, Zielinski-Gutierrez E, Janes CR: Microclimate and human factors in
the divergent ecology of Aedes aegypti along the Arizona, US/Sonora, MX
border. Ecohealth 2010, 7:64-77.

BeLue R, Carmack C, Myers KR, Weinreb-Welch L, Lengerich EJ: Systems
thinking tools as applied to community-based participatory research a
case study. Health Educ Behav 2012, 39:745-751.

Quintero J, Carrasquilla G, Suérez R, Gonzalez C, Olano V: An ecosystemic
approach to evaluating ecological, socioeconomic and group dynamics
affecting the prevalence of Aedes aegypti in two Colombian towns.

Cad Saude Publica 2009, 25(Sup 1):593-S103.

Plowright RK, Sokolow SH, Gorman ME, Daszak P, Foley JE: Causal inference
in disease ecology: investigating ecological drivers of disease emergence.
Front Ecol Environ 2008, 6:420-429.

Greenland S, Brumback B: An overview of relations among causal modelling
methods. Int J Epidemiol 2002, 31:1030-1037.

Greenland S, Pearl J, Robins JM: Causal diagrams for epidemiologic research.
Epidemiology 1999, 10:37-48.

Joffe M, Mindell J: Complex causal process diagrams for analyzing the
health impacts of policy interventions. Am J Public Health 2006, 96:473-479.
IFAD Gender Strengthening Programme for Eastern and Southern Africa
Division: Toolkit for Practitioners; 2002 [http://www.ifad.org/gender/tools/
gender/Toolkit.pdf]

The Overseas Development Institute: Planning Tools: Problem Tree Analysis.
[http://www.odi.org.uk/publications/5258-problem-tree-analysis]

Bogdan R, Biklen SK: Qualitative Research for Education: An Introduction to
Theories and Methods. 5th edition. Boston: Pearson; 2006.

Saldana J: The Coding Manual for Qualitative Researchers. 2nd edition. Los Angeles:
SAGE Publications Ltd; 2012.

R Core Team: R: A Language and Environment for Statistical Computing.
Vienna, Austria: R Foundation for Statistical Computing; 2013. http://www.R-
project.org; 2013.

Mitchell-Foster K: Interdisciplinary knowledge translation and evaluation
strategies for participatory dengue prevention in Machala, Ecuador.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

Page 12 of 12

In PhD Thesis. University of British Columbia, Program in Interdisciplinary
Studies; 2013 [http://circle.ubc.ca/handle/2429/45297].

Parks W, Lloyd L: Planning Social Mobilization and Communication for Dengue
Fever Prevention and Control. Geneva: World Health Organization; 2004.

Mulla MS, Thavara U, Tawatsin A, Kong-Ngamsuk W, Chompoosri J: Mosquito
burden and impact on the poor: measures and costs for personal
protection in some communities in Thailand. J Am Mosq Control Assoc
2001, 17:153-159.

Wiseman V, McElroy B, Conteh L, Stevens W: Malaria prevention in The
Gambia: patterns of expenditure and determinants of demand at the
household level. TM & IH 2006, 11:419-431.

Ramos MM, Mohammed H, Zielinski-Gutierrez E, Hayden MH, Lopez JLR,
Fournier M, Trujillo AR, Burton R, Brunkard JM, Anaya-Lopez L, Banicki AA,
Morales PK, Smith B, Mufioz JL, Waterman SH, The Dengue Serosurvey
Working Group: Epidemic dengue and dengue hemorrhagic fever at the
Texas—-Mexico border: results of a household-based seroepidemiologic
survey, December 2005. Am J Trop Med Hyg 2008, 78:364-369.
Pérez-Guerra CL, Zielinski-Gutierrez E, Vargas-Torres D, Clark GG: Community
beliefs and practices about dengue in Puerto Rico. Rev Panam Salud Publica
2009, 25:218-226.

Whiteford LM: The ethnoecology of dengue fever. Med Anthropol Q 1997,
11:202-223.

Fajardo P, Monje CA, Lozano G, Realpe O, Herndndez LE: Popular notions
surrounding “dengue” and rompehuesos, two models of the disease in
Colombia. Rev Panam Salud Publica 2001, 10:161-168.

Claro LBL, Tomassini HCB, Rosa MLG: Dengue prevention and control: a review
of studies on knowledge, beliefs, and practices. Cad Saude Publica 2004,
20:1447-1457.

Suarez MR, Olarte SM, Ana MF, Gonzalez UC, others: Is what | have just a
cold or is it dengue? Addressing the gap between the politics of dengue
control and daily life in Villavicencio-Colombia. Soc Sci Med 2005, 61:495.
Phuanukoonnon S, Brough M, Bryan JH: Folk knowledge about dengue
mosquitoes and contributions of health belief model in dengue control
promotion in Northeast Thailand. Acta Trop 2006, 99:6-14.

Sanchez L, Perez D, Perez T, Sosa T, Cruz G, Kouri G, Boelaert M, Van Der
Stuyft P: Intersectoral coordination in Aedes aegypti control. A pilot project
in Havana City. Cuba TM & IH 2005, 10:82-91.

Sanchez L, Perez D, Cruz G, Castro M, Kouri G, Shkedy Z, Vanlerberghe V,
Van Der Stuyft P: Intersectoral coordination, community empowerment
and dengue prevention: six years of controlled interventions in Playa
Municipality, Havana, Cuba. TM & IH 2009, 14:1356-1364.

Parks W, Lloyd L, Nathan MB, Hosein E, Odugleh A, Clark GG, Gubler DJ,
Prasittisuk C, Palmer K, San Martin JL, Siversen SR, Dawkins Z, Renganathan E:
International experiences in social mobilization and communication for
dengue prevention and control. Dengue Bull 2004, 28:51-57.

doi:10.1186/1471-2458-14-1135

Cite this article as: Stewart Ibarra et al.: A social-ecological analysis of
community perceptions of dengue fever and Aedes aegypti

in Machala, Ecuador. BMC Public Health 2014 14:1135.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central
J



http://www.ifad.org/gender/tools/gender/Toolkit.pdf
http://www.ifad.org/gender/tools/gender/Toolkit.pdf
http://www.odi.org.uk/publications/5258-problem-tree-analysis
http://www.r-project.org
http://www.r-project.org
http://circle.ubc.ca/handle/2429/45297

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study site and study population
	Research methods
	Focus groups
	Household surveys
	Ethics statement


	Results and discussion
	Social-ecological risk factors
	Household dengue prevention
	Knowledge gaps
	Inter-institutional coordination and the community-government partnership
	Limitations

	Conclusions
	Additional files
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

