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Aedes aegypti entomological
indices in an endemic area
for dengue in Sao Paulo State,
Brazil

Indicadores entomoldgicos de
Aedes aegypti em area endémica
de dengue, Sao Paulo, Brasil

ABSTRACT

OBJECTIVE: To evaluate the most productive types of properties and
containers for Aedes aegypti and the spatial distribution of entomological
indices.

METHODS: Between December 2006 and February 2007, the vector’s
immature forms were collected to obtain entomological indices in 9,875
properties in the Jaguare neighborhood of Sao Jose do Rio Preto, SP,
Southeastern Brazil. In March and April 2007, a questionnaire about the
conditions and characteristics of properties was administered. Logistic
regression was used to identify variables associated with the presence of
pupae at the properties. Indices calculated per block were combined with
a geo-referenced map, and thematic maps of these indices were obtained
using statistical interpolation.

RESULTS: The properties inspected had the following Ae. aegypti indices:
Breteau Index = 18.9, 3.7 larvae and 0.42 pupae per property, 5.2 containers
harboring Ae. aegypti per hectare, 100.0 larvae and 11.6 pupae per hectare,
and 1.3 larvae and 0.15 pupae per inhabitant. The presence of yards, gardens
and animals was associated with the presence of pupae.

CONCLUSIONS: Specific types of properties and containers that
simultaneously had low frequencies among those positive for the vector
and high participation in the productivity of larvae and pupae were not
identified. The use of indices including larval and pupal counts does not
provide further information beyond that obtained from the traditional
Stegomyia indices in locations with characteristics similar to those of Sdo
José do Rio Preto. The indices calculated per area were found to be more
accurate for the spatial assessment of infestation. The Ae. aegypti infestation
levels exhibited extensive spatial variation, indicating that the assessment
of infestation in micro areas is needed.

DESCRIPTORS: Aedes, growth & development. Insect Vectors.
Disease Vectors. Vector Control. Epidemiological Surveillance.
Dengue, prevention & control.
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RESUMO

OBJETIVO: Avaliar os tipos de imdveis e de recipientes mais produtivos para
o0 desenvolvimento de Aedes aegyptie a distribuicdo espacial de indicadores
entomoldgicos.

METODOS: Foram realizadas coletas de formas imaturas de mosquitos para
obtengdo de indicadores entomolégicos em 9.875 imoveis no bairro Jaguaré, no
municipio de S&o José do Rio Preto, SP, entre dezembro de 2006 e fevereiro de
2007. Aplicou-se questionario sobre as condigdes e caracteristicas de imdveis
em marco e abril de 2007. Utilizou-se regressdo logistica para identificar as
variaveis associadas com a presenca de pupas nos iméveis. indices calculados
por quadra foram combinados com mapas georreferenciados, possibilitando a
producdo de mapas tematicos por meio de interpolagéo estatistica.

RESULTADOS: Os imdveis inspecionados apresentaram os seguintes indices
para Ae. aegytpi: indice de Breteau de 18,9, 3,7 larvas e 0,42 pupas por imovel,
5,2 recipientes com Ae. aegypti por hectare, 100,0 larvas e 11,6 pupas por
hectare, e 1,3 larva e 0,15 pupa por habitante. Presenca de quintal, jardim e
animais associaram-se com a presenca de pupas.

CONCLUSOES: Nio foram identificados tipos especificos de iméveis e
de recipientes que fossem pouco frequentes dentre aqueles com a presenca
do vetor e, a0 mesmo tempo, que apresentassem elevada participa¢do na
produtividade de larvas e pupas. O uso de indices baseados na quantificagao
de larvas e pupas ndo traria informagdes além daquelas obtidas com os indices
estegdmicos tradicionais em localidades com caracteristicas similares a Sdo José
do Rio Preto. Os indices calculados por area apresentaram maior acuracia para
avaliar espacialmente a infestacdo, e a infestacdo por Ae. aegypti apresentou
grande variabilidade espacial, apontando a necessidade de realizar avaliagdes
de infestagdo em microareas.

DESCRITORES: Aedes, crescimento & desenvolvimento. Insetos \Vetores.
Vetores de Doengas. Controle de Vetores. Vigilancia Epidemioldgica.
Dengue, prevengdo & controle.

INTRODUCTION

Dengue fever is a major disease that affects populations
in developing tropical countries. The key prevention
strategy is vector control, but this strategy has not
been successful in controlling the disease.® There is
criticism regarding the ability of routinely used ento-
mological indicators to estimate the vector density.
Researchers3#814 and the World Health Organization
(WHO)?¢ suggest that the number of pupae per
inhabitant and the number of pupae per area are more
appropriate entomological indices for assessing the
risk of an epidemic.

It is necessary to identify the areas and properties at
greatest risk when monitoring Ae. aegypti populations
to guide control practices.®?* Identifying the most
productive types of containers, i.e., those from which
the majority of adult Ae. aegypti mosquitoes likely

originate, can facilitate the development of a more
effective strategy for controlling the vector’s infestation
level by focusing control activities on these categories
and making control programs more efficient.182

This study aimed to evaluate the most productive types
of properties and containers for Ae. aegypti and the
spatial distribution of entomological indices.

METHODS

This study was carried out in the city of Sao Jose
do Rio Preto, Sao Paulo state, Southeastern Brazil
(20°48’36”'S; 49°22°59”W), which had a population of
415,509 inhabitants in 2006. This area has a tropical
climate, a mean annual temperature of 25°C and a mean
annual rainfall of 1,410 mm. There is adry period from
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May to October and a wet period between November
and April. Dengue has been considered endemic to the
city since 2000.%? Jaguare, an urban neighborhood in
Sao Jose do Rio Preto, comprising 11,000 properties,
was selected for this study because it had the highest
level of Ae. aegypti infestation according to previous
entomological surveys.

This study was based on a cross-sectional entomo-
logical survey of all properties in the study area. The
survey was performed between December 2006 and
February 2007, covering the most favorable period for
Ae. aegypti development, by a field research team that
visited the properties, counted potential containers and
collected all of the 3" and 4" stage Culicidae larvae and
all of the pupae that were present. The volume of water
was recorded for the containers harboring Culicidae.
The larvae and pupae collected were identified and
quantified. The properties were grouped into nine types
and the containers were classified into nine types.

Interviewers revisited the properties that had previously
been inspected and administered a questionnaire to
residents and those responsible for the properties in
March and April 2007. The variables included in the
questionnaire were those related to the characteristics of
the properties and the residents and were selected from
among those considered by WHO to be determinants of
the occurrence of dengue.? The following information
was obtained for the residential properties: the home’s
characteristics and condition (apartment or house,
number of residents and rooms, presence of animals,
and existence of a garden or yard); the head of the
household’s level of education, sex, and age; and the
socioeconomic level of the family. The socioeconomic
level was based on a score derived from the Brazilian
Economic Classification Criterion and was divided into
five levels, from A, the highest, to E, the lowest.? This
score represents the sum of the points given for the head
of the household’s level of education, for the presence
and number of salaried employees living in the house
and for the presence and number of televisions, radios,
toilets, cars, vacuum cleaners, VCRs or DVD players,
refrigerators and freezers in the home. Information
on the number of rooms, the presence of animals, and
the existence of a garden or yard was collected for the
following non-residential property types: businesses;
factories or construction sites; and schools, churches,
and other property types.

The entomological indices were calculated for the entire
neighborhood: the Breteau index (BI); the number of
containers harboring Ae. aegypti per hectare and per
inhabitant; and the number of Ae. aegypti larvae and
pupae per property, per hectare, and per inhabitant.
The number of inhabitants was estimated based on
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information gathered from the interviews, and the
area of each property’s lot was obtained from a map
of the lots.

The percentage distribution of the inspected proper-
ties that contained larvae and pupae, the Bl value,
the number of containers harboring Ae. aegypti per
hectare, the larva and pupa productivity, and the
number of Ae. aegypti larvae and pupae per property
and per hectare were all calculated based on the
property type. Productivity was calculated as the
percentage of the total number of larvae or pupae that
were located on a particular type of property or in a
particular type of container.*®

Logistic regression was used to identify the variables
associated with the presence of pupae, which was the
dependent variable, and to estimate odds ratios. The
data obtained from the questionnaire and the prop-
erty areas were regarded as independent variables.
Apartments were excluded from the analysis because
of their low index values.

The percentage distribution of the containers inspected,
the containers harboring Ae. aegypti larvae and pupae,
and the larva and pupa productivity were analyzed
based on the type of containers. The percentage distri-
bution of the number of containers harboring larvae
and pupae and the larva and pupa productivities were
analyzed based on the type of container and the volume
of water contained.

The indices calculated per block were combined with a
geo-referenced map of the centroids of the blocks that
were considered samples of a continuous geographical
phenomenon in physical space and could be used
in a Gaussian stochastic process. The indices were
transformed using the Box-Cox family of transforma-
tions'” to improve their approximation for a normal
distribution. The ordinary kriging method was used to
obtain a mathematical model and to construct thematic
maps with statistical interpolation using a method that
estimates the generalized and weighted least squares,
where the weighting is defined by a semivariance func-
tion. Choropleth thematic maps of the indices were
generated with five categories (per quintile).

This study was approved by the Sao Jose do Rio Preto
School of Medicine, Research Ethics Committee
(Process 271/2005).

RESULTS

Actotal of 10,994 properties were identified in Jaguare.
The total number of properties inspected was 9,875
(89.8%). Ae. aegypti were collected from 1,051

*Associacao Brasileira de Empresas de Pesquisa. Critério de classificagdo econémica Brasil. Sao Paulo; 2012 [cited 2012 Dec 28]. Available

from: http://www.abep.org/novo/FileGenerate.ashx?id=285
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properties and from 1,867 of the 33,611 containers
inspected. A total of 36,119 larvae were found in 1,788
containers located on 1,015 properties and 4,178 pupae
were found in 647 containers located on 442 properties.
For the neighborhood as a whole, the Ae. aegypti Bl
was 18.9, and 3.7 larvae and 0.42 pupae were found
per property. After calculating the area of the properties
inspected (361.2 hectares), the indices were calculated:
5.2 containers harboring Ae. aegypti per hectare and
100.0 larvae and 11.6 pupae per hectare.

Of the 9,875 properties inspected, 8,238 were residen-
tial and interviews were conducted for 81.9% of them.
Atotal of 22,171 inhabitants (3.3 inhabitants per home),
was found. An estimated 27,072 inhabitants were esti-
mated for the houses investigated in the entomological
survey, which allowed for the calculation of the indices:
0.07 containers harboring Ae. aegypti per inhabitant and
1.3 larvae and 0.15 pupae per inhabitant.

Table 1 shows the types of properties listed in
decreasing order based on the pupa productivity
values. Houses accounted for 81.0% of the properties
inspected. Of the properties with larvae, 83.9% were
houses, with a productivity of 79.2%. Of the properties
with pupa, 80.4% were houses, with a productivity
of 77.8%. Business sites had the highest number of
larvae per hectare and factories and construction sites
had the highest numbers of pupae per hectare. Empty
lots, squares and apartments had the lowest number
of larvae and pupae per hectare. Schools, churches,
and other types of properties had the highest Bl value
and the greatest numbers of larvae and pupae per
property, although the numbers of larvae and pupae
per hectare were similar to those for apartments. The
productivities of properties with larvae and pupae
based on the type of property also had a similar
distribution (Table 1).

Table 2 shows the results of the logistic regression
model for the presence/absence of pupae in houses
and non-residential properties. Questionnaires were
administered to 6,680 homes and to 668 non-residential
properties. The presence of dogs, chickens, gardens, and
both partially unpaved and totally unpaved yards had
OR values above unity that were statistically significant
for homes. The same results were found for the presence
of either a partially unpaved or totally unpaved yard for
non-residential properties (Table 2).

Of the households to which the questionnaire was
administered, 39.8% had gardens, 33.0% had partially
unpaved or totally unpaved yards, 55.6% had dogs and
2.6% had chickens. At least one of these characteristics
was found in 75.5% of the households in question.
Houses with the presence of these characteristics
corresponded to productivities of 88.1% and 92.1%
for larvae and pupae, respectively.
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Apartially or totally unpaved yard was present at 20.5%
of non-residential properties assessed. Properties with
these types of yards corresponded to productivities of
38.0% for larvae and 45.5% for pupae. If we consider
the houses and the non-residential properties with
the characteristics described above, adding in fenced
lots and common areas, the proportion of properties
would be 65.7% of all of the properties in Jaguare,
with productivities of 75.1% and 80.2% for larvae and
pupae, respectively.

Nine types of containers were ranked in decreasing
order based on pupa productivity (Table 3). The first
five containers accounted for 62.1% of the containers
inspected, including 71.4% and 70.0% of those
containing larvae or pupae, respectively, and 70.1%
and 73.8% of larva and pupa productivity, respectively.
Pots, plants, fixed containers and animal drinking water
containers were the most frequently inspected types,
although the first two were among the five most pupa-
productive container types. Canvases and car parts
were present at lower frequencies (2.8% and 1.7% of
the containers, respectively). However, these containers
represented 6.8% and 9.4% of the containers harboring
pupae and 13.0% and 10.8% of the productivity,
respectively, and were among the five most productive
container types.

The containers were also ranked according to pupa
productivity. Containers with volumes less than
one liter of water represented 62.8% and 56.8%
of containers harboring larvae and pupae, respec-
tively, and had productivities of 47.7% and 43.9%,
respectively. When these containers were considered
together with containers with volumes of one to ten
liters of water, they totaled 93.6% and 91.5% of the
containers that were positive for larvae and pupae,
respectively, and 89.2% and 81.5% of the productivity,
respectively. (Table 4)

The maps of the indices calculated per property
distinguished areas with similar infestation levels
(Figure 1 A, B and C). The maps of the indices
calculated per hectare also distinguished areas with
similar infestation levels (Figure 1 D, E and F) but
exhibited differences from the maps based on the
per property indices.

The indices show all the Northern region of Jaguare
as having had higher levels of infestation. Despite the
similarities among the indices, the northern region was
found to be more prominent and broader when using the
indices calculated per hectare. The indices per property
identified certain areas with high levels of infestation
that were not identified when the indices calculated
per hectare were used, such as in the southern and
westernmost regions of Jaguare.
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Table 2. Variables included in the logistic regression model for the presence of Ae. aegypti pupae in houses and non-residential
properties (businesses; factories and construction sites; and schools, churches and other types). Jaguare neighborhood of Sao
Jose do Rio Preto, SP, Southeastern Brazil, December 2006 to February 2007.

Dependent variable Property type Independent variable Situation O((;ii/fglt)io p
Presence or absence House Presence of dogs Yes (x no) 1.51(1.18;1.93)  0.001
of Ae. Aegypti pupae Presence of chickens Yes (x no) 2.03 (1.24;3.31)  0.005
Presence of a garden Yes (x no) 1.33(1.03;1.71) 0.028
Presence and type of yard Partially unpaved (x no) 1.77(1.35;2.32) 0.000
Unpaved (x no) 2.61(1.75;3.90) 0.000
Non-residential Presence and type of yard Partially unpaved (x no) 5.02 (1.72;14.69) 0.003
Unpaved (x no) 4.70 (1.49;14.75) 0.008

DISCUSSION

We did not find specific types of properties that
presented, at the same time, low frequencies among
those positive for the vector and high participation
in the productivity of larvae and pupae. Residences,
the most common property type, had larva and pupa
productivities close to the percentage of houses among
the properties inspected. None of the other types of
properties stood out as contributing a larger percentage
of productivity.

Apartments, which have been recognized as having a
low risk of vector presence in Sao Paulo, Southeastern
Brazil,” empty plots of land, squares, and health units
were found to have low entomological indices. Cities
with characteristics similar to those of Sao Jose do
Rio Preto should consider these results when planning
vector control activities.

Property types such as businesses, factories, and
construction sites had the highest values for larvae
and pupae per hectare. This is in agreement with data
collected in Peru, which showed the importance of
non-residential properties in the production of Ae.
aegypti.® One limitation of using the number of pupae
per inhabitant as a dengue risk index is the difficulty
in estimating the size of population at risk in non-resi-
dential properties.™® One viable alternative for locations
with these types of properties is the use of the number
of pupae per hectare.

Some of the characteristics of the properties could be
used to identify the properties most likely to contain
the vector. The presence of yards, gardens and animals
could be used as criteria for selecting properties that
should receive more intense vector control. The asso-
ciation between gardens and yards and the presence of

Table 3. The percentage distribution of containers harboring Ae. aegypti larvae and pupa and their productivity (%) based on
the types of containers. Jaguare neighborhood of Sao Jose do Rio Preto, Southeastern Brazil, December 2006 to February 2007.

. Containers Containers
Containers harboring harboring Larva Pupa
) inspected productivity productivity
Type of container (n=33,611) larvae bupae (n=36,119)  (n=4,178)
R (n=1,788) (n=647) T -
% % % % %
Pot (pot, bucket, basin, or bottle) 39.1 28.3 28.1 26.3 26.5
Plant (flower pot, plant plate, or 14.0 21.8 18.0 18.8 14.3
natural container)
Canvas (canvas or other cover) 2.8 4.8 6.8 5.2 13.0
Car part 1.7 8.3 9.4 8.2 10.8
Drum (drum, gallon, or other 4.5 8.2 7.7 11.6 9.2
large container)
Fixed container (drain, tile, toilet 20.1 8.3 8.0 6.8 9.1
and other objects that are part of
the property’s structure)
Tyre 2.6 10.5 11.9 12.8 7.8
Animal drinking water container 10.8 4.7 5.1 5.3 4.9
Construction material 4.4 5.1 5.0 5.0 4.4
Total 100.0 100.0 100.0 100.0 100.0




594

Aedes aegypti indices in dengue-endemic area  Favaro EA et al

Table 4. The percentage distribution of containers harboring Ae. aegypti larvae and pupa and their productivity (%) based on
the types of containers and their water volumes (<1L, 1-10L and >10L). Jaguare neighborhood of Sao Jose do Rio Preto, SP,

Southeastern Brazil, December 2006 to February 2007.

Larvae Pupae

Type of container Containers (%) Productivity (%) Containers (%) Productivity (%)

<1L  1-10L >10L <1L  1-10L >10L <1L 1-10L  >10L  <1L  1-10L >10L
Pot 20.0 6.4 2.1 14.1 9.3 3.0 18.4 7.4 2.5 14.3 9.6 2.7
Plant 17.9 3.6 0.0 13.2 5.4 0.0 14.9 3.1 0.0 103 4.1 0.0
Canvas 2.6 2.1 0.2 2.4 2.6 0.2 2.6 3.5 0.6 1.8 4.3 6.9
Can part 6.1 1.7 0.4 4.8 2.7 0.7 5.7 3.0 0.6 7.1 3.3 0.4
Drum 2.7 3.5 2.0 2.6 5.2 3.9 1.9 3.5 2.5 1.6 4.6 3.1
Fixed container 2.7 4.6 1.1 1.5 3.5 1.8 2.5 4.1 1.3 1.0 3.9 4.1
Tyre 5.9 4.6 0.1 5.4 7.5 0.0 6.4 5.4 0.0 3.7 4.0 0.0
Animal drinking 1.8 2.6 0.4 1.5 2.7 1.1 1.9 2.5 0.8 2.1 1.5 1.3
water container
Construction 3.1 1.7 0.1 2.2 2.6 0.1 2.5 2.2 0.2 2.0 2.3 0.0
material
Subtotal 62.8 30.8 6.4 47.7 41.5 10.8 56.8 34.7 85 439 376 18.5
Total 100.0 100.0 100.0 100.0

the vector agrees with the criteria used to define the
premise condition index, which was created to identify
properties with higher probabilities of vector presence,?
and agrees with other studies.’®*®

Following the WHO guidelines,* studies were
conducted to identify the most productive containers,
and several of these studies identified container types
that simultaneously had low frequencies among
the inspected containers and high levels of produc-
tivity.124614161825 Thyg, the focus of control activities
on these types of containers would increase, at least
theoretically, the effectiveness of vector control.

It was not possible to identify the most productive types
of containers because over half of the container types
were responsible for 70% to 75% of all larvae and
pupae. Their productivity was slightly higher than their
percentage of the total number of containers inspected
or of the number of containers harboring larvae and
pupae. This result differs from those obtained by other
authors, who identified types of containers with a high
productivity of pupae.-24614.1618.25

The best candidates for productive container types for
pupae are canvases, car parts, drums and tires, which
were found at low frequencies among the inspected
containers and had levels of pupa productivity
well above those frequencies. However, these four
container types (11.6% of those inspected) accounted
for 40.6% of pupa productivity, which is insufficient
to ensure the success of the vector control program
if the elimination and/or treatment strategies focused
only on these containers.

An important difference between Jaguare and the
areas studied by these authors'24614161825 should be
noted: Jaguare has a relatively low frequency of large
containers. This low frequency is associated with the
fact that the population of Sao Jose do Rio Preto does
not need to store water regularly because there is an
almost universal water supply system in place. Without
the presence of the large containers that produce adult
mosquitoes, the infestation is associated with the wide-
spread availability of containers with a small volume
of water, as found in a study carried out in city of Rio
de Janeiro, Southeastern Brazil %

It was not possible to identify the most productive
property and container types in Jaguare. The strategy of
larval and pupal counting to identify the most produc-
tive types of containers* will not benefit vector control
in locations with characteristics comparable to those
found in this neighborhood, as it did in locations in
which large containers are present. However, this study
identified characteristics of properties that influence the
pattern of vector infestation and this information should
be considered when planning vector control activities.

Indices based on larval and pupal counts showed a
geographical pattern of infestation similar to that
obtained with indices based on the presence of larvae
and pupae in containers. Therefore, the indices based
on larval and pupal counts do not provide further infor-
mation regarding the mosquito infestation level. This
finding is in agreement with other studies that showed
that the BI is an appropriate entomological index for
use in low-infestation areas.'®?° This result is in accor-
dance with the findings for Jaguare because this area’s
infestation level is low compared with those in some
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Figure. Breteau Index (A), number of Ae. aegypti larvae per property (B), number of Ae. aegypti pupae per property (C), number
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(UTM, SAD 69, Zone 22).
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locations studied by the authors who defend the use of
pupal counts along with demographic data.t2®

The main difference observed among the infestation
maps in the geographical region evaluated was asso-
ciated with the use of indices calculated per property or
hectare. One reason for this difference is the presence of
properties with large lots. The inclusion of such proper-
ties in the calculation of the Bl increases the Bl value
because properties with large areas are more likely to
include more than one container with Ae. aegypti per
property. This effect was observed at properties such as
schools, churches, and others, which had the highest Bl
values. However, when the indices for these property
types were calculated per hectare, the probability of
finding immature forms of the vector was similar to
that of apartments. The fact that the northern region
was found to be more prominent and broader for the
indices calculated per hectare is related to the higher
density of buildings in this area.

Indices calculated per hectare appear to be more accu-
rate for assessing infestation in geographical areas and
are more useful for identifying the areas with the highest
infestation levels. Indices calculated per area may be
more appropriate measures for assessing the risk of
dengue.*%1* The use of area-based indices in the plan-
ning, directing and evaluating of vector control acti-
vities could produce more effective control strategies.

A predictive model found that under the most favo-
rable conditions for both the virus and mosquitoes, the
transmission threshold was 0.25 Ae. aegypti pupae per
inhabitant,® which is higher than the value found in this
study (0.15). Different dengue serotypes are present in
Sao Jose do Rio Preto. DENV-1 was first detected in
1990, DENV-2 in 1998, and DENV-3 in 2005.%%2 In
2006, a high incidence of dengue was recorded in the city
(2,934 cases per 100,000 inhabitants), with the highest
incidence occurring in Jaguare (5,092 cases per 100,000
inhabitants). Although Jaguare’s population is partially
immune to DENV-1, 2 and 3 and despite the low number
of pupae per inhabitant found during the study period,
dengue transmission occurred in this neighborhood
in 2007, with an incidence of 1,281 dengue cases per
100,000 inhabitants between January and May.

This result is consistent with the observation of Scott
& Morrison?t (2010) that entomological thresholds
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