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fumigation was the best way to avoid mosquitoes, the proportion believing this remained very high.

Conclusion: Coverage with the government temephos programme was low, especially in rural areas. Despite an
intervention encouraging non-chemical mosquito control, most households continued to believe that chemicals are
the best control method.

Trial registration: ISRCTN:27581154.
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Background
The recent epidemic of Zika has highlighted the failure of
chemical control of the Aedes aegypti mosquito, the vector
for zika, as well as for dengue and chikungunya. A report of
a World Health Organisation (WHO) meeting of experts
noted the lack of “evidence that any recent vector-control
interventions, including massive spraying of insecticides,
have had any significant effect on dengue transmission” [1].
The number of dengue cases in Brazil increased between
1990 and 2015, despite a strategy to control Aedes aegypti
based on use of insecticides and larvicides, and authors
have called for prevention to focus instead on improvement
of water supply to avoid the need to store water [2]. WHO
recommends Integrated Vector Management for control of
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The effectiveness of vector control using temephos will
be reduced further if actual coverage achieved is less than
intended, especially if the programme fails to reach house-
holds with a higher likelihood of having dengue cases. We
have found only two articles, from Thailand and Malaysia,
reporting on coverage with a routine temephos application
programme [25, 26]. The present article uses data from the
impact survey of the Mexican arm of the Camino Verde
dengue prevention trial [24] to estimate coverage with the
routine government temephos application programme, to
examine the factors associated with this coverage, and to
examine household beliefs about temephos and how to
control mosquitoes. We were also able to examine the im-
pact, if any, of the community-mobilisation intervention on
temephos coverage and household beliefs.

Methods
This article is based on a secondary analysis of data col-
lected between December 2012 and January 2013 during
the impact survey of the Mexican arm of a cluster ran-
domised controlled trial of community mobilisation for
dengue prevention. The trial methods and findings are
described in detail elsewhere [24]. In brief, after stratifi-
cation by vector levels in the baseline survey, the trial
randomly allocated 90 clusters (census enumeration
areas, each of about 140 households) in the three coastal
regions of Mexico’s Guerrero State to either the inter-
vention (45) or control (45) group, and implemented a
community-based intervention for chemical-free control
of the dengue vector Aedes aegypti in the intervention
clusters. Normal government dengue prevention efforts
continued in all communities, including the programme
of application of the insecticide temephos in household
water containers [4]. The intervention included house-
hold visits from neighbourhood teams (brigadistas) and
community activities to educate people about the life
cycle of the mosquito and support them in efforts to re-
duce breeding sites in households and elsewhere on the
community [24, 27, 28]. The trial achieved significant
reductions in all vector indices, in dengue infection
measured by saliva dengue antibody serology, and in
self-reported dengue cases [24].
In the 2012/2013 impact survey, trained field teams

conducted a household survey in the 90 clusters, admin-
istering a questionnaire and conducting an entomo-
logical survey of water containers in the households.
While inspecting the household water containers, they
noted whether plastic sachets of temephos were present,
as well as collecting any larvae or pupae for later ento-
mological identification. Questions about temephos
coverage in the household questionnaire included: how
many temephos-application visits the household had re-
ceived in the last 12 months; how long ago temephos
was most recently applied; and how long the household
left this temephos in their water storage containers. The
questionnaire asked if the respondent thought bathing in
water containing temephos was harmful to health and in
what way; and if they thought drinking or cooking with
water containing temephos was harmful and in what
way. Interviewers asked respondents if they agreed with
the statement “Application of temephos and/or space fu-
migation are the best way to avoid mosquitos”.
In the household survey, we also collected and cate-

gorised information about socio-economic variables includ-
ing: household structure (permanent v semi-permanent or
temporary); access to tap water (daily v less frequent or no
access); language spoke at home (Spanish only, or an indi-
genous language); registration in the government Oportuni-
dades programme (which supports poor households, for
example to send children to school); sex of the respondent;
household size (less than five members v five or more); em-
ployment of the household head (employed or not); and
education of the household head (4 years of education or
more v less than 4 years).

Analysis
Trained operators used the Epidata programme to enter data
twice, with validation to minimise keystroke errors. Analysis
relied on CIETmap [29], which provides a user-friendly inter-
face with the R statistical programming language.
We established three operational definitions of house-

hold temephos coverage, bearing in mind the govern-
ment policy that temephos should be applied every
2 months. The three definitions of coverage were: reported
five or more visits for temephos application by a team
from the government temephos programme in the last
12 months; last reported temephos application within the
last 3 months; and the presence of temephos observed in
at least one water container. Among all households, we ex-
amined factors potentially associated with temephos cover-
age in bivariate and then multivariate analysis, using the
Mantel-Haenszel procedure [30] with a cluster-adjustment
[31]. We included in the initial multivariate model those
factors significantly associated with the coverage outcome
in bivariate analysis. We report significance of associations
using the Odds Ratio (OR) and cluster-adjusted 95% confi-
dence interval (95% CIca) of the OR.
We examined the impact of the trial intervention on

temephos coverage, beliefs about temephos health ef-
fects, and agreement that temephos and/or fumigation
was the best method to avoid mosquitos. In this analysis
we calculated the Risk Difference (RD) of proportions in
intervention and control clusters, and the cluster-
adjusted 95% confidence interval of the RD.

Results
The survey teams interviewed 10,491 households: 3426
in Acapulco, 3425 in Costa Grande, and 3640 in Costa



Chica. Most of the household respondents were women
(80.4%; 2050/10,453) and over half the households were



Table 2 shows the bivariate analysis of potential associa-
tions with the observed presence of temephos in at least
one water container in the household. Urban households,
with a permanent structure, and with less than five
members, were more likely to have temephos present.
Household where the respondent was female and par-
ticipating in the Oportunidades programme were less likely
to have temephos present. In multivariate analysis there was



the last 2 months) was not significantly different between



Table 3 also shows the views of households about health
effects of temephos. A significantly higher proportion of
households in intervention sites thought that bathing in
water with temephos could be harmful. However, there
was no difference in the proportion of households thinking
that drinking or cooking with temephos-containing water
could be harmful between intervention and control sites.
The proportion of households believing that temephos

application and fumigation was the best method to con-
trol mosquitos was significantly lower in intervention sites
than in control sites, but still remained very high at 82.7%.

Discussion
Coverage with temephos programme



safe to drink [37]. Focus groups and in-depth interviews
in Peru suggested that discolouration and bad taste, rather
than health concerns, were the main reason for refusing
temephos addition to drinking water [38].
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