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a b s t r a c t

Entomological surveys on Aedes aegypti (L.) often focus on residential premises, while ignoring non-
residential premises. It has been proposed that the latter should be subject to specific monitoring strate-
gies, since they have the potential to contribute a large proportion of the overall mosquito population. In
this study, we used traps for ovipositing females to compare the levels of Ae. aegypti infestation in resi-
dential and non-residential premises and assess whether there was any evidence for a spatial association
of infestation between non-residential premises and the surrounding homes. This information is impor-
tant for designing specific surveillance programmes for these special sites and their surroundings. This
study was conducted in three neighbourhoods of the city of Rio de Janeiro, Brazil, with distinct population
densities, water services, dengue histories and vegetation coverage. Ae. aegypti abundance was measured
using two types of traps (standard and sticky ovitraps) installed in five non-residential premises and 80
residential premises per neighbourhood. Mosquitoes were collected in the summer (January to March)

and winter (June to September) of 2007. The distribution of captures per household per week did not dif-
fer significantly between the seasons, although larger numbers of eggs and adults were obtained during
the summer. Most non-residential premises were not significantly more infested than homes, despite the
larger quantities of containers. There were a few exceptions, including a transportation company, two
recycling centres and a boat yard. These highly infested non-residential premises were also spatially asso-
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ciated with highly infeste
way of evaluating non-re

. Introduction

Dengue fever is one of the most important arboviruses in terms
f morbidity and mortality (Gubler, 1998). In Brazil, the first dengue
pidemic after the reintroduction of Aedes aegypti took place in
oa Vista, Roraima, in 1981–1982 (Osanai et al., 1983). Four years

ater, DENV-1 invaded and caused a large dengue epidemic in the

etropolitan region of Rio de Janeiro (Schatzmayr et al., 1986),

ollowed by a large DENV-2 epidemic in 1990 (Nogueira et al.,
990), and a large DENV-3 epidemic in 2000 (Nogueira et al.,
001; Lourenço-de-Oliveira et al., 2002). More recently, in 2008,
io de Janeiro experienced a severe dengue epidemic, with 255,818
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es in the vicinity. Continuous monitoring with traps may be an effective
tial premises as sources of dengue vectors for nearby communities.

© 2010 Elsevier B.V. All rights reserved.

reported cases and 240 deaths (SESDEC-RJ, 2008; SMS/RJ, 2008
SMS-RJ, 2008). These successive epidemics indicate how suscep-
tible Rio de Janeiro is to the introduction and dissemination of
dengue viruses (Lourenço-de-Oliveira et al., 2004b; Costa-Ribeiro
et al., 2006; Honório et al., 2009a).

Ae. aegypti is considered to be the main vector for dengue
viruses in Brazil (Lourenço-de-Oliveira et al., 2004a), despite the
presence of Aedes albopictus. Dengue incidence and Ae. aegypti
abundance follow seasonal patterns in Rio de Janeiro, with peaks
during the summer when high rainfall rates and high temperatures
are observed (Honório and Lourenço-de-Oliveira, 2001; Honório et
al., 2009b). Ae. aegypti is a highly anthropophilic species that is well
adapted to urban environments with high human population den-
sity and low vegetation coverage (Braks et al., 2003; Lima-Camara

et al., 2006; Lagrotta et al., 2008; Honório et al., 2009b). In these
areas, Ae. aegypti females lay eggs in artificial breeding sites such
as used tyres, bottles, cans, pots, plant pots and uncovered water
reservoirs containing clean or stagnant water (Christophers, 1960;
Maciel-de-Freitas et al., 2007a,b).

http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
mailto:izareis@dpi.inpe.br
dx.doi.org/10.1016/j.actatropica.2010.01.001
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Water supply deficiencies have been considered to be a risk
actor for Ae. aegypti proliferation, since they tend to lead people
o store water in large containers (Tauil, 2001). Irregular rubbish
ollection is also a problem, because this leads to rubbish accumu-
ation in vacant plots, public spaces, backyards, etc. (Tauil, 2001).
he Brazilian Vector Surveillance and Control Program for Dengue
nd Yellow Fever considered that non-residential premises were
ey sites for surveillance because they tended to accumulate large
uantities of potential breeding sites for Ae. aegypti, for example:
sed tyre dumps, scrap metal yards, cemeteries, transportation
ompanies, bus stations, seaports and airports (SUCEN, 2002).

ithout adequate supervision, such non-residential premises may
ustain large populations of Ae. aegypti and become important
ources of adult vectors for the surrounding premises. There is
till no specific legislation or surveillance practice for such areas
n Brazil (Tauil, 2002).

In the present study, we compared the levels of Ae. aegypti
nfestation in homes and non-residential premises during two sea-
ons (summer and winter). We also analysed whether there was
ny evidence for a spatial association between infestation levels
n non-residential premises and the neighbouring houses. Such
nformation is important for designing specific surveillance pro-
rammes for non-residential areas.

. Materials and methods
.1. Study areas

The study was carried out in three neighbourhoods in the city of
io de Janeiro, Brazil: Higienópolis (an urban area), Tubiacanga (an

ig. 1. Map of Rio de Janeiro showing the study areas (Higienópolis, Tubiacanga e. Palm
esidential and non-residential premises.
a 114 (2010) 37–43

urban peripheral area) and Palmares (a shantytown located in an
urban peripheral area) (Fig. 1). These areas differ in terms of their
human density, water and rubbish collection services, vegetation
coverage and dengue history (see Honório et al., 2009b). Over the
study period, the temperature varied from 24 to 28 ◦C during the
summer (January to March) and from 18 to 23 ◦C during the winter
(June to September).

Higienópolis, the urban area (22◦52′25′′S, 43◦15′41′′W) is a neigh-
bourhood of urban development located in the northern zone of
Rio de Janeiro. It is surrounded by shantytowns and is crossed
by the Yellow Line motorway. The human population density is
15,891 inhabitants/km2. The water supply is adequate and regu-
lar, and the sewage service has high coverage. Most premises are
single-storey houses with small cemented yards. The overall vege-
tation coverage is low.

Tubiacanga, the urban peripheral area (22◦47′08′′S, 43◦13′36′′W)
is an isolated urban peripheral neighbourhood on the Governador
Island. The human population density is 8219 inhabitants/km2. The
water supply is irregular and many residents have cisterns or drums
for water storage. On the other hand, the sewage service has high
coverage. Most homes are single-storey houses with large back-
yards. In contrast with Higienópolis, the yards and streets are not
paved. The vegetation coverage is moderately high.

Palmares, the urban peripheral shantytown (22◦59′26′′S,
43◦27′36′′W) is a recently settled shantytown located between a

rainforest-covered mountain range and a polluted river, on one
of the major axes of the city’s western expansion. The human
population density is 2733 inhabitants/km2, living in very small
unfinished houses, with no space between them. The main
economic activity is material recycling, which results in large

ares) and geographical location of traps (Ovitraps and MosquiTraps) installed in
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ccumulations of rubbish in any open space that can be found.
he water supply is irregular; there are many wells; and residents
tore water in barrels and buckets. Vegetation coverage is low
ithin the shantytown and high in its surroundings.

.2. Entomological surveillance

Five non-residential premises were identified in each neigh-
ourhood: four car repair workshops (1H, 2H, 3H and 4H) and one
ransportation company (5H) in Higienópolis; two boat factories
1T and 2T), one repair shop (3T), one vacant plot (4T) and one
crap yard (5T) in Tubiacanga; and one vacant plot (1P), three recy-
ling centres (2P, 3P and 4P) and one car repair workshop (5P) in
almares (Fig. 1). A pair of traps was installed at each of these sites:
ne standard ovitrap and one sticky ovitrap (MosquiTRAP, Ecovec,
.1.0). The standard ovitraps consisted of a black plastic container
lled with 300 ml of 10% diluted hay infusion and a wooden pad-
le for ovipositing on the wall (Fay and Eliason, 1966; Honório et
l., 2003). The MosquiTRAP was a black container with an opening
n the top that allowed mosquitoes to enter the trap, which con-

ained water and an adhesive card with a volatile attractant (Eiras,
002; Maciel-de-Freitas et al., 2008a). The traps were left in the
eld for 11 weeks during the summer and 14 weeks during the
inter, with weekly inspections to replace the paddles and cards.

hese were taken to the laboratory to count and identify eggs and
dults (Consoli and Lourenço-de-Oliveira, 1994) and counted.

Fig. 2. Home infestation distribution of eggs and adult of Ae. aegypti. Infesta
a 114 (2010) 37–43 39

At the same time, entomological surveillance was carried out
on a sample of residential premises in the three neighbourhoods,
as part of a larger longitudinal survey. This study is described in
detail in Honório et al. (2009a). In summary, 40 randomly selected
residential premises received ovitraps and another 40 received the
sticky ovitraps. These premises were also visited weekly to replace
the paddles and cards.

2.3. Data analysis

For each residential and non-residential premise, we calcu-
lated a mean infestation index by dividing the number of eggs (or
adults) collected, by the number of weeks. From these data, we
estimated the winter and summer density distributions of home
infestation, using a non-parametric smoothing method (Bowman
and Azzalini, 2003). We tested the hypothesis of equality using a
bootstrap (library sm, R 2.9.1). We then compared the infestation
rates between non-residential premises and homes, and identified
those with infestation rates greater than the 90th percentile of the
home infestation density distribution.

To test for associations regarding mosquito infestation between

non-residential premises and surrounding premises, we took the
accumulated distribution of eggs (or adults) as a function of the
distance from each non-residential premise. Greater density to the
left (shorter distances) would be an indication of aggregation. Sig-
nificance was assessed by means of a bootstrap comparing the first

tion indices for the former are plotted as “|” (summer) or “*” (winter).
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Fig. 3. Spatial distribution for eggs and adults of Ae. aegypti in residential premi

uartile of the observed distribution to that of a random distri-
ution (Manly, 2006). Statistical analyses were performed using R
.9.1 (R Development Core Team, 2009).

. Results

A total of 207,474 eggs were collected from the homes, dur-
ng the summer and winter, i.e. an average of 69 eggs/home/week.
igienópolis (36.8%) and Tubiacanga (46.3%) accounted for the

argest proportions of captures, with significantly fewer in Pal-
ares (16.9%). Approximately 90% eggs were Ae. Aegypti and the

emainder were Ae. albopictus. Using sticky traps, 2396 specimens
f Ae. aegypti were collected from the homes, i.e. an average of 0.79
dults/home/week. Again, Higienópolis and Tubiacanga, with 47.8
nd 45.0% of all captures, contrasted with Palmares, with only 7.2%.

The non-residential premises yielded 16,678 eggs and 307 adult
osquitoes; 243 of them belonging to the genus Aedes (89.3% Ae.

egypti and 10.7% Ae. albopictus). The remaining 64 were Culex quin-
uefasciatus. The non-residential premises produced an average
f 44 eggs/site/week and 0.58 adults/site/week, and both of these
ates were lower than the corresponding home measurements.

The distribution of home infestation did not differ significantly

etween the seasons (bootstrap p-value >0.07 for all localities and
ypes of traps) (Fig. 2). Despite this lack of seasonal effect, we
bserved that the largest numbers of eggs were obtained during the
ummer. To compare non-residential and domicile premises, the
nfestation rates for the former are plotted in Fig. 2 as “|” (summer)
ring summer and winter periods of 2007 in Higienópolis, Rio de Janeiro, Brazil.

or “*” (winter) symbols. In Higienópolis, a transportation com-
pany (5H) with many uncovered tyres and many small containers
only partially covered under an asbestos roof showed significantly
higher egg abundance than in the homes in the same area. In Pal-
mares, where the overall infestation was low, a recycling centre
(2P) was the most productive non-residential premise in terms
of eggs (48.2%), while another recycling centre (3P) was respon-
sible for 54.8% of all adults collected in all non-residential premises
in the neighbourhood. All the remaining non-residential premises
showed average or low infestation, compared with domiciles.

In Higienópolis, two non-residential premises (2H and 5H) were
found located within mosquito infestation hotspots, both in the
summer and winter (sticky ovitrap data) (Fig. 3). In Tubiacanga,
there was less evidence of spatial heterogeneity of mosquito abun-
dance, but a boat yard (1T) was found within an area with higher
infestation, both in the summer and in the winter (Fig. 4). In
Palmares, two of the three recycling centres (2P and 3P) were sig-
nificantly close to highly infested residential premises (Fig. 5). It
should be noted that all of these cited non-residential premises
presented high infestation, compared with homes (Table 1).

4. Discussion
In this study, we investigated whether non-residential premises
with high abundance of potential breeding sites differed from
homes in terms of mosquito productivity. This study formed part
of a larger longitudinal study to assess the temporal and spatial
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Fig. 4. Spatial distribution for eggs and adults of Ae. aegypti in residential prem
ynamics of Ae. aegypti in Rio de Janeiro, Brazil (Honório et al.,
009a).

Many of the non-residential premises found in the study
reas were repair shops. Close to the sea, boat yards were also

able 1
edes aegypti abundance measured by MosquiTraps (captured adults/trap week-1) and ovi
f the neighbourhoods—Higienópolis, Tubiacanga and Palmares, Rio de Janeiro, Brazil du
hich home captured eggs or adults of Ae. aegypti were found to be significantly spatially

Higienópolis (urban area) Tubiacanga (urban perip

Non-residential
premises

Summer Winter Non-
residential
premises

Summer

Adult/
week

Egg/
week

Adult/
week

Egg/
week

Adult/
week

1H (car repair
workshop)

0.00 51.81 0.21 7.42 1T (boat
factory)

1.81

2H (car repair
workshop)

2.09** 11.72* 1.07** 0.57 2T (boat
factory)

2.72

3H (car repair
workshop)

0.27 23.54 0.07 5.85 3T (car
repair
workshop)

0.90

4H (car repair
workshop)

0.00 15.09 0.00 0.00 4T (vacant
plot)

0.27

5H (transportation
company)

1.36* 172.72 0.71** 9.50 5T (scrap
yard)

1.09

* p < 0.05.
** p < 0.001.
uring summer and winter periods of 2007 in Tubiacanga, Rio de Janeiro, Brazil.
common, and within the shantytown, recycling centres domi-
nated. These types of sites are likely to be representative of
other areas, since these are common commercial activities in
urban, coastal peripheral and shantytown areas. We found that

traps (captured eggs/trap week-1) installed in five non-residential premises in each
ring the 2007 summer and winter. Stars indicate non-residential premises around
aggregated.

heral area) Palmares (urban peripheral shantytown)

Winter Non-
residential
premises

Summer Winter

Egg/
week

Adult/
week

Egg/
week

Adult/
week

Egg/
week

Adult/
week

Egg/
week

233.81* 0.35 171.50** 1P (vacant
plot)

0.00 11.27 0.00 0.00

110.00 1.57 28.07 2P
(recycling
centre)

0.81** 81.00 0.21 38.28**

62.72 0.50 51.14 3P
(recycling
centre)

1.45 75.54** 0.07 23.71

73.45 0.00 8.85 4P
(recycling
centre)

0.00 1.72 0.07 0.00

75.09 0.35 44.78 5P (car
repair
workshop)

0.09 19.54 0.00 0.85
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Fig. 5. Spatial distribution for eggs and adults of Ae. aegypti in residential prem

ost of the non-residential premises were not significantly more
nfested than the homes were, despite the larger numbers of
ontainers. However, there were a few exceptions. In Higienópo-
is, one transportation company and one car repair workshop

ere both highly infested and closely associated with a highly
nfested neighbourhood. In Palmares, two out of the three recy-
ling centres were also highly infested, and in Tubiacanga, a boat
ard was highly infested. Boats have been considered to be key
reeding sites in Tubiacanga previously (Maciel-de-Freitas et al.,
007b, 2008b). Considering that most control efforts are devoted
o residential premises, the occurrence of a few non-residential
remises with very high infestation emphasises the importance
f designing specific control and surveillance activities for these
ettings.

The importance of non-residential premises for mosquito prolif-
ration has been emphasised by other authors. In the municipality
f Nova Iguaçu, in the metropolitan region of Rio de Janeiro, Lagrotta
t al. (2008) found that the areas that were highly infested with Ae.
egypti were also the areas with high abundance of non-residential
remises (petrol stations, tyre repair shops and scrap iron contain-
rs). In Londrina, Paraná, Lopes et al. (1993) found significantly high

bundance of Ae. aegypti larvae in abandoned vacant plots (Lopes
t al., 1993). In São José do Rio Preto, São Paulo, Chiaravalloti-Neto
1997) identified tyre repair shops and tyre dumps, construction

aterial storage areas and car repair workshops as important
laces for Ae. aegypti production. In Argentina, cemeteries were
during summer and winter periods of 2007 in Palmares, Rio de Janeiro, Brazil.

found to be important non-residential settings for Ae. aegypti con-
trol (Vezzani et al., 2001).

Our results suggest that non-residential premises are not
uniformly highly productive sources of mosquitoes. However,
these are sites that are often infested: they do have large
numbers of potential breeding sites and they are not usually tar-
gets for vector surveillance and control. Continuous or frequent
monitoring with traps may be an effective way of evaluating
non-residential areas as sources of dengue vectors for nearby com-
munities. We further suggest the use of the presented methodology
(traps + mapping + non-parametric comparison of homes versus
non-residential premises) to pinpoint the non-residential premises
that should be subject to more detailed intervention.
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