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Abstract Entomological indices based on larval surveillance methods are not sensitive enough to accurately
monitor Aedes aegypti population densities in areas differing in levels of infestation. Here, we present and discuss
results obtained from a pilot program using a new approach, the Monitoring System and Population Control of
Aedes aegypti (SMCP- Aedes), based on spatial information technology utilizing data on the spatial and temporal
distribution of Aedes. The SMCP-Aedes data was continuously generated by a set of sentinel-ovitraps (OVT-S)
in Santa Cruz do Capibaribe and Ipojuca urban areas, two municipalities of Pernambuco, Brazil, which have
different patterns of settlement and biogeography. The first results, recorded in June 2008, showed that both areas
were highly infested by A. aegypti, with more than 90% of OVT-S positive for A. aegypti, and detected densities
of 1223 eggs/OVT-S/month in Sta Cruz and 561.2 eggs/OVT-S/month in Ipojuca. A significant reduction in
population densities to 363.5 eggs/OVT-S/month and 138.6 eggs/OVT-S/month, respectively, was observed after
six rounds of control intervention consisting of massive egg elimination using 8,000 control-ovitraps (OVT-C).
Over this period, approximately 5 million eggs and 2,700 adult mosquitoes were removed from those areas. The
strategies and tools used in the SMCP-Aedes allowed us to quantify the active population of 4. aegypti, indicating
periods and places of higher human exposure to the mosquito. The instruments used for mechanical removal of
eggs and adults are effective and can be integrated in a sustainable control program.
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INTRODUCTION

Dengue persists as a major public health problem in Brazil. The strategies employed by the National Program for
Dengue Control (PNCD) to control Aedes aegypti cost more than half a billion US dollars every year. The elimination
of Aedes larval breeding sites, or their treatment with chemical or biological insecticides, appear to have failed in
reducing the spread of A. aegypti over the last fourteen years (Barreto et al., 2011). Population monitoring of A.
aegypti is based on larval surveys (House Index and Breteau Index). However, several studies have proven that these
indices are not sensitive enough to reveal the true level of infestation by this mosquito specie in urban areas (Braga,
2000; Morato et al., 2005; Regis et al., 2008). Aspects of 4. aegypti behavior, such as its ability to colonize different
types of water containers, skip oviposition behavior (spreading of eggs in many breeding sites by individual females)
and the fact that their eggs are resistant to desiccation could result in a dramatic underestimation of Aedes population
size, especially if small numbers of potential natural breeding sites are monitored solely by larval detection. These
aspects have, to date, been neglected by the vector control programs. A recent approach involving complementary
methods aimed at control of other phases of the mosquito’s life cycle, (e.g, eggs and adults) has shown better results
and can be easily incorporated into the operations of vector control programs (Gama et al., 2007; Kay and Nam
2005; Maciel-de-Freitas et al., 2006; Regis et al., 2008; 2009).
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The Monitoring System and Population Control of Aedes aegypti (SMCP-Aedes) was recently developed by
a multidisciplinary team from Fiocruz/Recife, INPE, UFPR, UFPE, and the Health Department of the state of
Pernambuco (Monteiro et al. 2005, Regis et al. 2008, Bonat et al. 2010). This system has been applied to monitor
and control Aedes populations through the use of spatial information on the density of eggs collected by a network
of sentinel-ovitraps (OVT-S), the massive elimination of eggs attracted to control-ovitraps (OVT-C) and the
capture of adults by aspiration. The complexity of modern urban environments necessitate the testing of new tools
for epidemiological practice and entomological surveillance in order to increase the capacity of the health sector
for controlling transmissible diseases such as dengue. Here we present some data on the implementation process
of the SMCP-Aedes in two different urban settlements.

MATERIALS AND METHODS

Study area and monitoring tool: The SMCP-Aedes is currently implemented in a large-scale pilot program in
Santa Cruz do Capibaribe (Sta Cruz), and Ipojuca located in the arid zone and the coast of Pernambuco
respectively. In this system, monitoring is based on the detection and quantification of eggs deposited in a series
of geo-referenced, sentinel ovitraps (OVT-S), distributed throughout the urban area. The OVT-S contain two
wooden paddles (5.0 x 15 cm) and are filled with 2 L of water, treated with biological larvicide based on Bacillus
thuringiensis israelensis (Bti), and installed in the peri-domestic area of 262 properties in Sta Cruz and 75 in
Ipojuca. Every thirty days, the content of each OVT-S is renewed and wooden paddles are collected and sent to
the laboratory for drying. Digital images of the paddles are then obtained by a scanning system (SDP) for counting
of eggs by a semi-automated computer-assisted system (Mello et al., 2008), generating data that feeds into a
geographic database (Regis et al., 2009).

Monitoring Outputs

Reports about Aedes spp spatio-temporal distribution are derived from the information collected continuously by
the OVT-S and deposited in a database (BDG-SAUDAVEL). The system combines spatial technology information
and free software to analyze data and generate situational maps, indicating the distribution of infestation and
highlighting the most critical points (hotspots). This information helps to drive the actions of vector control.

Strategy of Aedes aegypti Control

The SMCP-4edes includes a set of integrated interventions for mosquito control based on social participation
(Regis et al., 2009). The strategy consists of the removal and massive incineration of mosquito eggs collected by
ovitraps used for control proposal (OVT-C). This action is reinforced by the use of aspirators for indoor collection
of adult mosquitoes, in areas with higher risk of viral transmission. The OVT-C, adapted for control, was built
with community participation, using recycled 2 L black plastic bottles. These bottles are filled with 1.5 L of water,
treated with Bti larvicide. A cotton tissue which is used as a substrate for oviposition, covers the inner wall of the
ovitrap, as suggested by Lenhart et al. (2005), to expand the space for egg deposition. About 5,600 C-OVT (two
per house) were installed in Sta Cruz and 2,700 in Ipojuca. After each 60 day cycle, the OVT-C is renewed and
tissues are removed for incineration. At the same time field staff inspect houses for treatment of water containers
using larvicide.

RESULTS AND DISCUSSION

The SMCP-4edes has been demonstrated to have high sensitivity to detect and quantify vector density, and to
identify locations with higher population density, driving specific control actions. We detected high levels of
infestation in urban spaces in both municipalities, with > 90% of OVT-S positive for 4. aegypti, levels similar to
those previously detected in seven districts of Recife (Regis et al., 2008). The system allowed measurement of
the impact of mechanical removal of eggs and adults on mosquito population density, revealing that the average
number of eggs collected dropped from 1223.2 eggs/S-OVT/month to 363.5 in Sta Cruz, and from 561.2 to 138.6
eggs/S-OVT/month in Ipojuca as a result of the elimination of nearly 5 million eggs from both areas over a six
month period. In addition 2,700 adult mosquitoes were eliminated by aspiration.

CONCLUSIONS
The tools and strategies used in SMCP-Aedes allowed quantification of the active population of 4. aegypti,
indicating periods and places of high human exposure to the contact with the mosquito. It was observed that: (i)
the instruments used for mechanical removal of eggs and adults are effective; (ii) they can be integrated into
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sustainable control programs; (iii) the strategies, methods and tools used in the SMCP-4edes motivated the
assimilation of knowledge and encouraged social participation.
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