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ABSTRACT

Aedes aegypti is a very efficient disseminator of human pathagas a result of evolutionary
adaptations to frequent haematophagy and almosasaxely in humans as well as to the
colonization of countless types of habitats, asgedi with biotic, climate and cultural factors
that favors the proliferation of this mosquito irban ecosystems. Studies using sensitive
methods of monitoring demonstrate that the mettaddsurveillance used in the Brazilian
program do not show the high intensities of thesidtion of cities by this vector. To enlarge
the capacity of the health sector new tools areessary to the practice of surveillance,
incorporating aspects of the vector, of the plasd af the local human population. We
describe here the SMCA&edes - Monitoring System and PopulatioGontrol of Aedes
aegypti, which goal is the instrumentalization of entongial surveillance as a basis for
epidemiological surveillance of dengue. The SM&#ges is uphold in the space technology
information, supported by the intensive use of web and free software to collect, store,
analyze and disseminate information on the sptdgraporal distribution of the estimated
density for the population odkedes, based on data systematically collected with the of
ovitraps. Planned control interventions, intensifizzhere and when indicated by the
entomological surveillance, are agreed with the momities, relying on the permanent social

mobilization.

INTRODUCTION
According to the World Health Organization, ovef&0f the world’s population is at risk of
acquiring dengue and there may be 50 million of m®mgue infections every year. Innate
characteristics of the dengue virus (DENV), whigisein four serotypes and can cause up to

four infections per person, and of its main vectsages aegypti, considered an extremely



effective disseminator of human pathogens, accdontthe expansion of the geographic
distribution and, consequently, for the dramatiovgh of the global burden of dengue in the
last decadesAe. aegypti is a highly anthropophilic species, that feeds alnmexclusively on
humans (Scott et al 1993, 2000, Harrington et &12@Ponllawat and Harrington 2005)
According toHarrington et al. (2001), the unique isoleucineaaration on human blood is
associated withAe. aegypti’'s unusual propensity to preferentially and fredlyerieed on
humans — a behavior that increases this mosqdito&ss and thus is an underlying reason for
its intimate contact with human hosts. The authaighlight that “from a public health
perspective, selection for frequent human contact @n age-dependent increase in feeding
frequency magnify the potential for transmissionpathogens by older potentially infected
mosquitoes”. Upon studying the blood meal frequentyAe. aegypti field populations in
Thailand, Scott et al. (2000) estimated that, ceraye, demale takes 0.76 human blood meal
per day. These biological features of the vectarehaigh epidemiological significance, and
explain whyAe. aegypti’s territory is the human house, from which it setdleaves.

Evolution driven adaptations to unstable habitats also important factors to
understand the role of this species as an efficieator of pathogensAe. aegypti is an
opportunistic container breeder. This mosquitobke do colonize all types of water holding
containers; presents a fantastic resistance okggs chorion and the “skip oviposition
behavior” of females (i.e. the spread of eggs fittkm same batch on different containers);
yonder the ability of larvae and pupae to dive eéeepnd for longer periods than other
mosquito species (Koenraadt and Harrington, 20083. crucial to consider these biological
aspects and the consequences of their combinatitnenvironmental and climatic factors,
and with anthropogenic habits that favor mosqunoliferation, in order to understand the
expansion and intensification of dengue and, mogtortantly, to chose adequate strategies

and methods to monitor and contAd. aegypti populations.



A protective tetravalent vaccine must be availabengue is to be controlled. There
are promising vaccine candidates under developr(lemidade et al, 2008) and there is a
possibility that this will be achieved in a few yegWhitehead et al. 2007, Edelman R 2007).
However, the well establishe®k. aegypti populations in urban environments will remain as a
matter of concern since other arboviruses may hasinitted by this species, such as
Chikungunya and West Nile viruses.

In Brazilian cities where sensitive surveillancetinoels were utilized to monitohe.
aegypti populations, such as Salvador (Morato et al, 2008naus (Rios-Velasquez et al
2007), Recife (Regis et al 2008), the presencéaisfrhosquito species was detected in 60% to
90% of the houses. At the same time, the HousexI(idb, used by the National Program for
Dengue Control, showed for these places negativevoralues, seldom more than 10%. The
lack of sensitivity of entomological indices, basedthe visualization of immature stages, like
the HI and the Breteau Index, is attributed totha) strong sensitivity and responsiveness of
aedine pre-imaginal forms to water surface vibreti¢gSlwey et al 1987), and their ability to
make deep and long-duration dive and to perfornobotesting (Romoser and Lucas, 1999),
thus making their visualization difficult; b) th@formation generated is the percentage of
house/containers where the presence of one (or)r@ov@/pupa is observed during a visit that
lasts a few minutes and takes place at every twatmso

Despite its lack of sensitivity for detecting theegence ofAedes, and the fact that it
does not quantify population size or density, thisthod proposed eight decades ago (Connor
& Monroe, 1923) is the only entomological surveite tool used in most programs.

The complexities of the new urban realities poinot new targets to the control of
mosquito born diseases, such as dengue fever.cfease the capacity of the health sector for

controlling transmissible diseases, new tools fpidemiological practice and surveillance



must be developed. The SM@Rdes — System for Monitoring and Control of the Popiaiat
of Aedes aegypti - is a contribution in this direction.

Dengue vector surveillands important to determine when and where to apipéy
control actions. An entomological surveillance systable to generate quantitative information
on mosquito population densities and helping todigteexplosive population growth is
essential for launching actions to prevent epidentic occur. The importance of the
entomologic surveillance as a base for dengue rnresgon control has been recently

highlighted by Ooi et al (2006).

THE SM CP-Aedes, A SPATIAL SURVEILLANCE SYSTEM

The main SMCRFAedes concept is to integrate biological aspects of teetar with
human population and environmental data throughdimg an entomological surveillance
system based on geographical information, as a asupfor dengue epidemiological
surveillance and control at intra-urban scalesddcso the SMCRedes makes intensive use
of open spatial technology solutions. It is basadopen protocols and open standards, an
intensive use of web and open software for GIS Bxadabase Management working-up
information stored in a spatio-temporal databasenfiwwhere they can be explored through
guantitative methods. Th&edes population in a certain urban area can be estomatel its
spatio-temporal distribution visualized, based oontmuous eggs collection. Control
interventions can be planned and intensified onbdmas of spatial analysis carried on by the
SCMP-Aedes. These actions to be taken by the local healthicees can be agreed with the
local community. In this sense, the SM@8&des can be instrumental for helping the building-
up of a permanent social mobilization towards aevedfective vector control.

The sample design was conducted supposing to gverlgrid with 400 cells with

50m x 50m each one, for a territory of 1 Krbepending on the household density in the



area the sample size (hnumber of cells) was caklby fitting a logistic function (Fig. 1)
taking into account the following parameters: 1lscer very low densities (i.e. 100 or less
households per Kfit 100 cells for intermediate density (i.e. alm8€200 households per
Km?) as adopted in a previous experiment (Regis 20@8); and an upper boundary of 200
(50% of the total) cells for very high densities.

Y = S : where Y is the number of cells to be sampled whvdl receive one

~+boxb]
ovitrap; u is the upper boundary; X is the mean emnof households per Kimand Iy and h
are the parameters estimated by the model.

Each trap was allocated inside the cell space lamatdordinates of the location was
taken using a Global Positioning System (GPS) awbrded at an integrated geographic
information system.

A sensitive, safe and low cost tool is suitable ¢ontinuous egg-collection at a
number of fixed sampling stations in order to manieproductively active populations. This
can be accomplished with an ovitrap model congjstiha black plastic cup baited with 2 L
of grass infusion (or water supplemented with &dfgkellets) treated with a Bti-based product
and containing three 5 x 15 cm wooden paddlesyig®sition substrates (Regis et al 2008).
Besides being a potent, safe and long lastingdalwispecially under shade (Regis et al
2001, Araujo et al 2007), Bti seems to act as apasition stimulant (Santos et al 2003,
Stoops 2005) conferring increased efficacy to tap,twhich can safely remain in the field
for up to two months showing an egg-collection céyaof over 7,000 eggs/trap-month
(Regis et al 2008). An egg counting computer-asgislystem developed by A.F.R. Araujo
and collaborators from the Informatic Center, Fatléiniversity of Pernambuco, Brazil,

allows operational advantages over the optical esmopic counting system. It is less time



consuming, more comfortable for technicians ana datords are directly transferred to a

geographical database.

THE SMCP-AEDES CONCEPTUAL ARCHICTUTURE AND OPEN TECHNOLOGIES

The decision on supporting technology for the SM&&Hes is based around open software
and open standards for geospatial data. It godmenwith our previous work in Recife
(Regis et al., 2008) and with the recent worksduohkvith health information systems that
have taken the same lines (QyianYi et al., 2008rdvio-Sanches et al., 2007). The database
logic model has been based upon the Recife-SAUDAEHD. For the first version of the
SMCPAedes we have taken the open MySQL Database Servereasethository for the
geographic entomological database. The MySQL DBMf8waire is embedded by the open
TerraLib GIS library (www.dpi.inpe.br/terralib) alving for the necessary spatio-temporal
models for storing, retrieving and analyzing théadd@he eggs counts are recorded on the
database using a web-based interface that hasdesefoped by the SAUDAVEL network
(Monteiro et al. 2005) at the National Instituter f&patial Research-INPE and at
CPgAM/Fiocruz and adapted for the present systene databaseontains other data as
demographic data at the census tract scale, satetiages of the region and all mapping
information available for the sites where the @ps have been installed. We have adopted
TerraView (www.dpi.inpe.br/terraview), an open G#pplication that runs on desktop
computers, as a browsing tool for this geographtalthse which provides quick summaries
for some spatio-temporal queries in the stored,data an integrated environment for
visualization of data, remote sensing satellitegerg, pictures of the traps and census tract
data.

Within the SMCPAedes system, assessments and decision making are loaseeports
systematically and automatically produced incorpogathe latest available data. Typically,

such outputs make usage of statistical analysis mwdeling tools beyond the GIS



capabilities and operational scripts are writtemgighe R statistical computing language

(www.r-project.org, an open source environment for statistical aial{Bonat et al. 2008).

These scripts can be modular, implementing reqdemtalysis and report formats and run
automatically on the data base server by making ofethe open software aRT
(leg.ufpr.br/aRT). aRT is a software binder in themat of an R package, integrating the
TerraLib GIS library with R. The specific routinésr statistical, and in particular spatial
and/or temporal analysis, are implemented by amdghpackage, RDengue, tailored to the
specific needs of the project and designed to selaatomatic analysis of the data stored into
the SMCPAedes geographical database (Dallazuanna et al 2008)2 EBisplays a schematic
view of this architecture and detailed schemes, somde example outputs can be seen in

Figure 3.

INTEGRATED VECTOR CONTROL BASED ON ENTOMOLOGICAL
SURVEILLANCE

The National Program of dengue control, PNCD, distaéd in Brazil in 2002, is
implemented by the Ministry of Health in partneshwith the 27 states and 5,560
municipalities. The PNCD foresee the implementaidrvector control activities, among
other components. The vector control is based &afigron the work of health workers
carrying out registration of houses and the usemmiephos as larvicide. In the last 12 years
large amounts of organophosphates have been riyuaipplied in cycles of two months,
with high operational cost. Other insecticides émgphosphates and pyrethroids) are used as
adulticides. The application of larvicides and #&dides hardly will reach the control
pressure sufficient to reduce populations of thpecges due to known behavioral and
biological characteristics, peculiar #e. aegypti, in addition to the fact that mosquito
populations develop inevitably, resistance to thes®pounds, as has been detected in the

country, since 2000.



The vector control measures proposed here are hasdte temporal and spatial
distribution of reproductively active mosquito pdgitions, as estimated from eggs collected
in the sentinel ovitraps. The aim is to prevent quit® population outbreaks associated with
the seasonal increase of dengue cases by intemgsifgintrol measures in specific places at
specific times. In Recife, it was observed that first rainfall after the dry season,
associated with the season’s high temperaturesginogna massive mosquito egg hatching,
resulted in very high mosquito densities from Japua August, matching the dengue
season. At the same time, entomological spatidlysisaallowed the identification of areas
where mosquito populations were persistently mostentrated (Regis et al 2008).

The strategy is to combine larval source redudhgreliminating, properly covering
or applying Bti as a larvicide in potenti@rval habitats, with mass collection/destructidn o
eggs, through a pabetween public health services and the local coniyiun this strategy,
the use of ovitraps is essential to avoid gravichdkes to disperse in the search for
oviposition sites. The public must be aware thatldwer the amount of available breeding
sites in a house, the higher the amount of eggswilhbe laid in an ovitrap. Another
important aspect is that the oviposition substnased in these ovitraps (cotton fabric,
according to Lenhard 2005) allows the visualizatidiedes eggs by the householders, and
it is easier to be incinerated (for egg destrugtibtran wooden substrates. For security
reasons the Government should take responsibitity eigg incineration and supply of
larvicides based on Bti to be used in the ovitraps.

Besides these actions, aiming to avoid a generaqmto population growth, the
strategy also includes control interventions tangethe hotspots, focusing on mechanical
elimination of adult mosquitoes from houses locatethese areas. The use of aspirators for
indoor collection of adult mosquitoes has severalvaatages over the use of

organophosphorous qgretroidsas adulticides: it does not offer any health fmkhumans
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and domestic animals; the method is efficient afidcgve since mosquitoes are caught
directly from their resting places within the houseuseholders are able to see the mosquito
capture; results are measurable. It is expectedth®avector population is impacted by
indoors mosquito captures repeated fortnightlytieo consecutive months within houses
containing two or three ovitraps for egg collectastruction and where potential breeding

sites are properly managed.

FINAL REMARKS

Built on an interdisciplinary approach, the SMB&des was developed and assessed
based on a longitudinal study conducted at Redfeser a 4 years period (Regis et al
2008). It has now been putting into action as atgtogram in two cities of the Pernambuco
state, Brazil, in a joint effort involving the stahealth authority, the local health services,
research institutions (Fiocruz and INPE) and theUBAVEL network (Monteiro et al
2005). The system is designed to generate autoraatitysis and reports and uses open
software produced in Brazil namely the TerraLibfé®iiew, aRT and RDengue, combined
with a R software for statistical computing and atatbtase management system. The
following-up of the outcomes of the program in fhet cities of Santa Cruz do Capibaribe-
PE and Ipojuca-PE is expected to demonstrate h@m spatial information technology can
contribute to establish an entomological surved&nstrongly based on open spatial

technology solutions with low cost and high effiws.

RESUMO

Associadas a fatores bioticos, climaticos e cukugae favorecem a proliferacédo Bedes
aegypti em ecossistemas urbanos, adaptacfes evolutivasnatdfagia freqliente e quase
exclusiva em humanos e a colonizacéo de tipositodirde habitats, fazem deste mosquito

um disseminador extremamente eficiente de patogemwosiomem. Estudos utilizando
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métodos sensiveis de monitoramento demonstram gjueétodos de vigilancia usados no
programa brasileiro ndo revelam as elevadas imtadss da infestacdo das cidades por este
vetor. Para ampliar a capacidade do setor saddesninstrumentos S0 necessarios a pratica
da vigilancia, incorporando aspectos do vetor,ud@ail e das pessoas do lugar. Apresentamos
aqui o SMCPAedes - Sistema de Monitoramento e Controle Populacionah@ aegypti,

cuja meta é anstrumentalizacdo da vigilancia entomoldgica cdmase para a vigilancia
epidemioldgica da dengu®ara isso ele se apoia em tecnologias da informaggacial
baseadas no uso intensivo da web e de software piara coletar, armazenar, analisar e
disseminar informacgdes relativas a distribuicAcaesgiemporal da densidade estimada para
a populacdo ddAedes, com base em amostras obtidas continuamente cotraropas.
Intervencgdes de controle planejadas e intensifcadae e quando indicado pela vigilancia
entomologica, sdo pactuadas com o0s habitantes,arajmse na mobilizacdo social
permanente.

Palavras-chave: controle do vetor, dengue, vigilancia entomolégmatrampas, SIG.
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FIGURE CAPTIONS

Figure 1. Logistic Function describing the number of cellbtosampled according to the
household density.

Figure 2. A General Conceptual Scheme for the Computatidnethitecture of the SMCP-
Aedes including the open set of spatial technologiessenofor implementation of the
system. It involves open GIS library TerralLib, thygen GIS application TerraView, the open
database management system MySQL and the aRT- plicé&gon Programming Interface

for binding R to TerraLib running the RDengue sti#tal analysis package.

Figure 3. (a) A simplified scheme showing the interactionoaigst an open DBMS system,
the open TerraLib GIS library and open statisticaimputing environment R; (b) A
schematic view on how the open technologies wogkttrer to promote spatial analysis and
visualization of the entomological and geographdzth; (c) Example of analysis carried out
by the RDengue to a specific ovitrap showing itsal@zation and statistical summaries
relating average egg counting on that trap agaissteighbors over time; (d) Another
example of RDengue possibilities showindpaispot map for a specific site displaying the

estimated vector density based on the ovitrapstowyover a certain period.
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