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Abstract

Dengue is the most important arboviral disease worldwide and the principal vector-borne disease in
Costa Rica. Control of Aedes aegypti populations through source reduction is still considered the
most effective way of prevention and control, although it has proven ineffective or unsustainable in
many areas with a history of mosquito control. In this study, seasonal profiles and productivity of
Aedes aegypti were analyzed in the city of Puntarenas, Costa Rica, where vector control has been
practiced for more than ten years. Households contained more than 80% of larval habitats identified,
although presence of habitats was more likely in other locations like lots and streets. In the wet season,
habitats in the “other” category, like appliances, small manholes, and miscellaneous containers, were
the most frequent habitats observed as well as the most common and productive habitats for Ae.
aegypti. In the dry season, domestic animal drinking containers were very common, although
concrete washtubs contained 79% of Ae. aegypti pupae collected. Individually, non-disposable
habitats were as likely or more likely to contain mosquito larvae, and large containers were more
likely to harbor mosquito larvae than the small ones only in the dry season. Considering various
variables in the logistic regressions, predictors for Ae. aegypti in a habitat were habitat type (p<0.001),
setting (p=0.043), and disposability (p=0.022) in the wet season and habitat capacity in the dry season
(p=0.025). Overall, traditional Ae. aegypti larval indices and pupal indices in Puntarenas were high
enough to allow viral transmission during the wet season. In spite of continued vector control, it has
not been possible to reduce vector densities below threshold levels in Puntarenas, and the habitat
profiles show that non-household locations, as well as non-disposable containers, should be targeted
in addition to the standard control activities.
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INTRODUCTION

Several pathogens that affect human health are transmitted by mosquitoes. Mosquito-borne

pathogens include parasites such as Plasmodium and Wuchereria bancrofti, as well as many
viruses like West Nile, Yellow Fever, and Dengue. Dengue is the most important arboviral

disease in terms of worldwide morbidity and mortality, affecting more than 50 million people
each year (World Health Organization 2002, Gibbons and Vaughn 2002). Although different
control strategies are in place for mosquito-borne diseases, vector control is still considered an
essential component of most disease control programs (Impoinvil et al. 2007, Ottesen 2006).

The life cycle of mosquitoes requires that larvae and pupae develop in habitats containing
water, the location, physical, and chemical properties of which may vary depending on
mosquito species and local ecology (Shililu et al. 2003, Muturi et al. 2007, Calderén-Arguedas
et al. 2007a). Aedes aegypti, the principal vector of dengue viruses, is closely associated with
human environments in endemic areas, where indoor and outdoor artificial containers like
drums, tires, buckets, flowerpots, and vases make adequate habitats for larval development
(Focks et al. 1981, Service 1992, Focks and Chadee 1997, Gubler 1998, Calderdén-Arguedas
et al. 2004). Although there are various promising trials underway (Edelman 2007), there is
still no effective vaccine available for dengue, thus, prevention and control is currently targeted
at avoiding human contact with mosquitoes, reduction of adult mosquito populations, and
elimination of mosquito larval habitats (Gubler 1998). In addition, human behavior is one of
the important factors influencing the epidemiology of dengue fever; therefore, local vector
habitat profiles and control strategies will depend on the specific socioeconomic context and
behavioral characteristics of the population (Service 1992). However, successful vector control
requires detailed local knowledge and frequently fails due to poor sustainability and breakdown
of public health infrastructure (Guzman and Kouri 2003, Gubler 2005, Chadee et al. 2005,
Calderon-Arguedas et al. 2007b). A recent study suggests that evidence in favor of community-
based dengue control programs is weak (Heintze et al. 2007).

Dengue is the most important vector-borne disease in Costa Rica. Aedes aegypti, the main
vector, was eliminated from the country in 1960, but frequent reinfestations occurred during
the 1970s and 1980s (WHO 1994). After vector reintroduction, transmission of dengue fever
was reported in 1993 in the cities of Puntarenas and Liberia (WHO 1994), and it later spread
to other regions of the country. Even though dengue is a public health problem in Costa Rica,
there is currently little scientific research available to guide and to evaluate local control efforts
(Troyo et al. 2006), which have been continuous in areas like Puntarenas.

In Puntarenas City, Costa Rica, Ae. aegypti control has been practiced for more than ten years.
The organization of vector control in Puntarenas has developed into an integrated and inter-
institutional approach, with a high level of inter-sector collaboration. Currently, the techniques
used to combat dengue in Puntarenas include epidemiological and entomological surveillance,
environmental management, public education, and chemical control (Impoinvil et al. 2007).

The purpose of this study was to characterize the most prevalent and productive mosquito larval
habitats in wet and dry seasons and determine characteristics associated with the presence of
larval habitats and Ae. aegypti positivity in Puntarenas. By identifying the most prevalent and
productive types of mosquito breeding sites and their distribution, these characteristics can be
linked to specific human activities, which is critical for identifying, focusing, and improving
current mosquito control efforts in areas with a history of vector control.

MATERIALS AND METHODS

This study was performed in ten localities of the Greater Puntarenas area (Figure 1), which is
a small port city of approximately 50,000 people located on a peninsula in the Pacific coast of
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Costa Rica (Impoinvil et al. 2007). Localities in Puntarenas are geographical areas determined
by the local Ministry of Health that share environmental and social characteristics. The climate
in Puntarenas is tropical, with marked wet (May to mid-November) and dry (mid-November
to April) seasons and average minimum and maximum daily temperatures of 22° C and 32°
C, respectively. Cases of dengue fever and vector control activities have been continuous in
Puntarenas ever since dengue transmission was reported in 1993 (WHO 1994).

Cross-sectional entomological larval surveys were performed during wet and dry seasons (last
week of July and first week of August, 2006, and last week of January and first week of
February, 2007). The geographical method detailed in Troyo et al. (2008) was applied to select
the locations and perform the surveys. Briefly, grids that covered the study area were
constructed using high-resolution satellite imagery (ASTER and QuickBird), and a cell size of
100 by 100 m that contained 136 houses was considered appropriate for the larval surveys.
A stratified random sample of 36 cells (10% from each locality) was selected where all the
locations included would be searched for mosquito larval habitats.

A “location” was any legally limited section of land that may or may not include a house or
building (such as parks, streets and sidewalks, households, lots, churches, construction sites,
buildings, parking lots, small businesses, and schools). The categories used for location types
were household, school, empty lot (small), large lot, street, field/stadium, large building, small
business, and other. In each selected cell, locations were also categorized according to the entity
responsible into public (usually owned by government) such as streets, government offices,
parks, and schools or private (owned by individuals or private organizations) such as houses,
commercial buildings, and lots. In addition, the availability of piped water, number of persons
living in a house, and a category for house construction quality were noted when grid cells
included houses. House construction quality was evaluated according to Calderén-Arguedas
et al. (2003), which can be associated with socioeconomic status and can affect presence of
larval habitats (Kuno 1995), where “1+ is the poorest construction quality, and “4+" is the
best construction quality.

All the locations surveyed in a sample cell were searched during each season for potential larval
habitats, most of which were the traditional “wet containers,” places or objects that held water
for more than one day and seemed able to maintain this condition for more than 48 h. Larval
habitats were characterized according to their setting (indoor or outdoor), type (can/small
plastic food container, bucket, tire, drum, concrete laundry wash tub, roof gutter, domestic
animal drinking container, flower pot, vase, sewer, coconut, bottle, other), and capacity (small:
<2 liters, medium: 2 to 7 liters, large: >7 liters). In addition, permanent habitats were noted,
which were those habitats that could not be easily moved, discarded, or tipped over and would
need special treatment to be eliminated such as concrete washtubs, gutters, septic tanks, small
manholes, puddles, and sewers.

The presence or absence of mosquito immature stages was noted for each habitat and when
present, all pupae and a sample of the larvae were collected and processed, as described for
previous surveys in Costa Rica (Calder6nArguedas et al. 2004). The specimens were
transported in glass vials with 70% ethanol to the Medical Arthropodology Laboratory,
University of Costa Rica, where they were cleared in lactophenol, mounted in Hoyer's medium,
and identified (Carpenter and La Classe 1955, Gonzalez and Darsie 1996, Vargas 1998). The
presence of Ae. aegypti larvae, as well as the number of Ae. aegypti pupae, were specially noted
in order to determine pupae per area and pupae per person (Focks and Chadee 1997) as well
as the Container Index, Location Index (Premises Index), and Breteau Location Index (Focks
2003, Troyo et al. 2008):

Container Index: Number of habitats positive for Ae. aegypti larvae and/or pupae per 100
potential habitats.
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Location Index (Premises Index): Number of locations positive for Ae. aegypti larvae and/
or pupae per 100 locations.

Breteau Location Index: Number of habitats positive for Ae. aegypti larvae and/or pupae
per 100 locations.

Field data were entered in Epilnfo 3.3.2 and initial analyses were performed in the same
software. Chi-square tests of association were applied to determine the significance of the
relationship between the presence of mosquito larvae, or specifically Ae. aegypti, in a location
(or house) and each of the following discrete variables: locality, location type, entity
responsible, house construction quality, and number of people in a household. In the same
manner, Chi-square tests were applied to determine the significance of the association between
the presence of mosquito larvae or Ae. aegypti larvae in a habitat and locality, location type,
indoor/outdoor setting, habitat type, habitat capacity, and habitat disposability. The analyses
were performed by season. Finally, seasonal logistic multiple regression models were analyzed
using SAS 9.1 software to determine the significant predictive variables for the presence of
one or more larval habitats in a location, the presence of mosquito larvae in a habitat, and the
presence of Ae. aegypti in a habitat (Table 1). The significance level for all statistical analyses
was set at 0.05.

Of the 36 selected cells, two were eliminated due to problems related to access in the locality
of Linda Vista. Although it was not possible to gain entrance to all of the locations within a
cell, more than 70% of the selected locations were evaluated in each locality (60% or more per
cell). During the wet season, 581 locations were identified of which 476 (82%) were evaluated.
In the dry season, 626 locations were identified and 508 (81%) were evaluated. Some of the
summarized results for the wet season have been published to support the sampling method
developed for these surveys (Troyo et al. 2008). Overall, 99.5% of houses had piped water,
and 99% and 98% of houses reported uninterrupted services during wet and dry seasons,
respectively. In addition, there were on average three persons per household, and most houses
had good construction quality: 33% were classified as 4+, 38% as 3+, 25% as 2+, and only 4%
as 1+.

In the wet season, 99 locations had one or more habitats positive for mosquito larvae and 82
of them (83%) contained one or more larval habitats positive for Ae. aegypti. Chi-square tests
showed a significant association between the presence of one or more larval habitats in a
location and the locality it belonged to, location type, and number of people in a house (Table
2). Locations that had larval habitats seemed less likely to be from Carmen or Centro. Also,
larval habitats were more common in houses with more than three people and in locations such
as lots, streets, and schools. The presence of mosquito larvae or pupae in a location was also
associated with location types like large lots and streets (Table 2).

The wet season logistic regression revealed that when all variables were taken together, only
locality was a significant predictor for the presence of one or more larval habitats in a location
(Table 3). For instance, locations in San Luis were 15.4 times more likely to contain larval
habitats than locations in Cocal (OR: 15.4, Cl: 3.8-63.3, p<0.001), 10.8 times more likely than
locations in Carmen (OR: 10.8, Cl: 3.0-39.6, p<0.001), and 6.6 times more likely than locations
in Centro (OR: 6.6, Cl: 1.8-24.4, p=0.005). Also, locations in Carrizal were 6.7 times more
likely to have larval habitats than those in Cocal (OR: 6.7, Cl: 2.5-17.9, p<0.001), 4.7 times
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more likely than those in Carmen (OR: 4.7, Cl: 2.1-10.6, p<0.001), and 2.9 times more likely
than locations in Centro (OR: 2.9, CI: 1.3-6.5, p=0.013).

There were 829 larval habitats identified in the wet season surveys with 139 habitats (17%)
positive for mosquito larvae and/or pupae and 109 (78% of positive habitats) harboring Ae.
aegypti. Most larval habitats identified in the wet season were in households (80%), and the
same was true for habitats containing Ae. aegypti (Table 4). Most habitats (91%) and most of
Ae. aegypti positive habitats (94%) were located outdoors. Many of the larval habitats observed
in the wet season were small cans and plastic food containers (22%), but there were also
numerous domestic animal drinking containers noted (15%) as well as those habitats in the
“other” category (27%), which included abandoned appliances, lids, toys, fountains, small
manholes, and miscellaneous containers (Table 5). Furthermore, many of the habitats positive
for Ae. aegypti larvae in the wet season were also small cans and plastic food containers (19%),
but the ones belonging to the “other” category were the most relevant (38%) (Table 5). Of all
Ae. aegypti positive habitats in the wet season, 83% were considered disposable. According to
the number of Ae. aegypti pupae collected, the most productive habitats in the wet season were
those in the “other” category like appliances and small manholes followed by drums (Table
5). Overall, large and medium habitats were more productive, even though the small habitats
also accounted for a large portion (28%) of the pupae collected (Table 6).

According to the individual Chi-square tests, the presence of mosquito larvae in a habitat was
associated with locality, location type, indoor/outdoor habitat setting, habitat type, and habitat
disposability (Table 2); however, presence of larval habitats in a household were not associated
with its construction quality. Larval habitats that were identified from Fray Casiano, El Huerto,
and Carrizal seemed more likely to be positive, as well as those found in locations like streets
or large lots, and habitats located outdoors. Tires, sewers, and roof gutters were habitat types
associated to positivity when compared to types such as coconuts, bottles, and domestic animal
drinking containers. In addition, non-disposable habitats (like concrete washtubs, sewers,
gutters, manholes, etc.) were also more likely to contain mosquito larvae than disposable
containers. Considering specifically Ae. aegypti, positivity of the habitats was associated with
locality (EI Huerto and Centro) and habitat type (tires, gutters, and drums) (Table 2).

The logistic regression analysis showed that setting and habitat type were the two significant
predictors for presence of mosquito larvae in a habitat (Table 3). Habitats located outdoors
were 3.4 times more likely to be positive than those indoors (OR: 3.4, Cl: 1.3-9.3, p=0.016).
Some habitat types were more likely to be positive for larvae. For example, tires were 5.2 times
more likely to contain mosquito larvae than buckets (OR: 5.2, Cl:1.6-17.2, p=0.006), drums
were 3.5 times more likely to be positive than cans/plastic food containers (OR: 3.5, CI:
1.1-10.5, p=0.028) and 4.3 times more likely than concrete washtubs (OR: 4.3, Cl: 1.01-18.1,
p=0.049), and habitats in the “other” category were 3.4 times more likely to be positive than
washtubs (OR: 3.4, Cl: 1.2-10.0, p=0.024).

Regarding positivity exclusively by Ae. aegypti, logistic regression showed setting, habitat
type, and disposability to be significant predictors (Table 3). Similar to the analyses for
mosquito larvae, outdoor habitats were 2.9 times more likely to contain Ae. aegypti than indoor
habitats (OR: 2.9, Cl: 1.04-8.2, p=0.043), and drums were 4.1 times more likely to be positive
than cans/plastic food containers (OR: 4.1, Cl: 1.3-12.9, p=0.016). In addition, disposable
containers were 2.7 times more likely to contain Ae. aegypti than non-disposable habitats (OR:
2.7, Cl: 1.2-6.3, p=0.022).

In the dry season, only 26 of the 508 locations had habitats with mosquito larvae, and 20
locations (77% of positive locations) had one or more larval habitats that specifically harbored
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Ae. aegypti. According to the individual Chi-square tests, only location type was associated
significantly to the presence of larval habitats in a location (Table 7), where streets and schools
seemed to be the locations more likely to have larval habitats.

The dry season logistic regression revealed that location type and people were significant
predictors for the presence of one or more larval habitats in a location (Table 3). Streets were
14 times more likely to contain larval habitats than households (OR: 14.0, Cl: 1.8-166.6,
p=0.037), and locations with people, such as most households, were 4.6 times more likely to
have larval habitats than uninhabited locations (OR: 4.6, Cl: 1.8-12.1, p=0.002).

Atotal of 461 wet habitats were identified in the dry season: 27 (6%) were positive for mosquito
larvae and/or pupae, and 21 (78% of positive habitats) contained Ae. aegypti. Most larval
habitats identified in the dry season were found in houses (83%), as well as the majority of the
habitats (95%) that harbored Ae. aegypti (Table 4). Eighty-seven percent of larval habitats and
81% of Ae. aegypti positive habitats identified were located outdoors. Even though many of
the habitats found during the dry season were drinking containers for domestic animals and
fowl (32%) and those in the “other” category (30%), the concrete washtubs (29%) were the
most important in terms of Ae. aegypti positivity (Table 5). Of all the habitats that contained
Ae. aegypti larvae and/or pupae in the dry season, 57% were classified as disposable. However,
the habitats with the most productivity were washtubs (Table 5) and other large habitats (Table
6).

The presence of mosquito larvae in a habitat was individually associated with habitat type,
capacity, and disposability during the dry season (Table 7). Water drums, sewers, and tires
were more likely to contain mosquito larvae than the other types of containers, as were non-
disposable habitats. Both the presence of mosquito larvae and specifically of Ae. aegypti were
associated with habitat capacity (Table 7), where medium and large habitats were related to
the presence of larvae and/or pupae.

The logistic regression analysis showed that in the dry season, capacity was the significant
predictor for the presence of mosquito larvae in a habitat (Table 3). Large habitats were 7.4
times more likely to be positive than small ones (OR: 7.4, CI: 2.0-27.9, p=0.003), and habitats
with medium capacity were 5.3 times more likely than small ones (OR: 5.3, Cl: 1.6-17.2,
p=0.005). In addition, capacity was also a significant predictor for the presence of Ae.
aegypti in a habitat, where medium capacity habitats were 5.2 times more likely to contain Ae.
aegypti than small habitats (OR: 5.2, Cl; 1.6-17.3, p=0.007).

The overall entomological and pupal indices for Puntarenas were higher in the wet season than
in the dry season (Table 8). Furthermore, 37% of all positive larval habitats identified in urban
Puntarenas contained mosquito species different from Ae. aegypti. The other species identified
in larval habitats were Culex quinquefasciatus, Limatus durhamii, Culex nigripalpus, Culex
interrogator, Culex coronator, Culex corniger, Ochlerotatus taeniorhynchus, Toxorhynchites
sp., and Uranotaenia sp. In addition, Ae. aegypti larvae shared the habitat in 29 cases (19% of
all habitats positive for Ae. aegypti), which were commonly Cx. quinquefasciatus (eight
habitats) and L. durhamii (seven habitats) but also all other species mentioned except
Uranotaenia sp.

DISCUSSION

Puntarenas is one of the cities of Costa Rica that has been greatly affected by dengue. Ever
since dengue cases were reported in 1993 (WHO 1994), the local authorities in Puntarenas
have been battling the disease with the use of insecticides and larvicides, as well as education
and community involvement in the removal of artificial containers that serve as larval habitats
(Impoinvil et al. 2007). However, this study shows that larval habitats are still common in this
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city, and many of the usual control campaigns may require redirecting their actions. According
to the categorization of houses using construction quality applied during this study,
socioeconomic conditions seem relatively good in Puntarenas when compared to other areas
of Costa Rica with high Ae. aegypti indices and where many houses are in very poor condition
(Calderdn-Arguedas et al. 2003). In addition, the statistical tests utilized did not reveal any
association of mosquito habitats to house construction quality. Thus, dengue and Ae. aegypti
persistence in this area is probably more associated to other variables which may include
meteorological, cultural, behavioral, and environmental conditions.

Even though mosquito control efforts have been ongoing for more than ten years, results from
this study show that larval habitats are still common in Puntarenas, and Ae. aegypti larval
indices are high enough to maintain dengue transmission, especially in the wet season. The
Breteau index in the wet season was much higher than 5, generally considered a threshold for
viral transmission (Focks 2003), but it was lower during the dry season. Larval indices in
general were relatively low in the dry season but may have been higher in specific
neighborhoods and localities where dengue transmission may have been occurring at low
levels. Moreover, traditional Ae. aegypti larval indices sometimes do not correlate well with
adult populations and dengue transmission, and pupal surveys are preferred in most cases
(Focks and Chadee 1997, Focks 2003, Barrera et al. 2006).

According to the threshold levels determined by Focks et al. (2000), the number of pupae per
person in Puntarenas, where mean temperature is close to 28° C, may have been high enough
to support viral transmission in the wet season but probably not in the dry season, even though
the local Ministry of Health reports dengue transmission in both seasons. The use of pupal
surveys in routine surveillance and source reduction programs has been under evaluation
(Morrison et al. 2004, Sanchez et al. 2006), and accurately determining pupal indices posed
some problems in the environment of Puntarenas. Many of the most common and productive
habitats were large non-disposable or permanent habitats like roof gutters, small manholes,
and large concrete washtubs that usually contain large amounts of organic debris and cannot
be drained easily to collect and count all pupae. In addition, the presence of more than one
mosquito species in a habitat was common in Puntarenas, which made exhaustive collections
necessary, and identifying Ae. aegypti pupae a tedious process. In this sense, studies in Thailand
have determined that filtering every container and complete counts requires great effort and
may not be a practical method for routine surveillance (Strickman and Kittayapong 2003).
Thus, pupal surveys in Puntarenas may serve as research tools and for periodic determination
of productivity but do not seem to be an efficient method for routine entomological
surveillance.

The various mosquito species that were identified sharing habitats with Ae. aegypti reaffirm
the need for well-trained entomological surveillance teams in endemic areas. Entomological
surveillance requires determination of the most relevant larval habitats, larval indices, and
periodic pupal surveys that will need personnel that can identify Ae. aegypti larvae and pupae
to determine these indices correctly. In Puntarenas, this task would not be easy since other
larvae with relatively short siphons like L. durhamii, Cx. corniger, Uranotaenia, and O.
taeniorhynchus, may resemble Ae. aegypti to the unaided eye. In these cases, it has been
suggested that microscopic confirmation may be necessary as opposed to simple identification
by the relative size of the siphon and larval movement (Getis et al. 2003, Bisset-Lazcano et al.
2006).

In spite of public education and source reduction campaigns, the numerous larval habitats
identified in households shows that people may not be taking all the actions necessary to
eliminate mosquito larval habitats. Education probably has had an impact since control efforts
seem to be more effective in houses than in other areas like schools or lots, and this may be
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due to source reduction being targeted specifically at households. Moreover, households are
the most frequent type of location and therefore account for most habitats in Puntarenas.
However, households were less likely to contain larval habitats than other locations, such as
lots in the wet season and streets in the dry season. It is notable that in the wet season lots
contain habitats that probably fill with rainwater and are less likely to be eliminated than those
in households, but in the dry season these habitats may dry up frequently making houses almost
the only source of Ae. aegypti. Furthermore, when accounting for locality in the logistic
regression model, location type and people were not significant predictors for mosquito habitats
in the wet season, which reflects the likelihood of finding larval habitats in all location types.
Therefore, this suggests that past education campaigns may be changing the profile of mosquito
habitats, and community-based approaches may be improved if public spaces are targeted in
addition to households at the start and during the wet season.

With the application of the pupal survey, large containers like drums, buckets, and washtubs
have been considered to account for most adult Ae. aegypti in some areas (Chadee 2004, Burkot
etal. 2007, Maciel-de-Freitas et al. 2007). However, this was not the case in Puntarenas, where
differences in productivity between large and medium containers were not apparent, and small
containers still accounted for more than a quarter of the pupae collected. Focks and Chadee
(1997) also identified small containers as the most important targets for source reduction in
Trinidad, followed by water storage containers. Thus, targeting small, as well as large and
medium containers, is still vital for vector control in Puntarenas during the wet season, since
eliminating mainly large containers would only account for 36% of the Ae. aegypti population.

In contrast, results suggest that during the dry season the habitats that maintain the Ae.
aegypti population are mainly large, concrete washtubs and other non-disposable habitats
which are also frequent. Although drums are considered highly productive habitats (Chadee
2004, Burkot et al. 2007, Maciel-de-Freitas et al. 2007), these large containers were not as
frequent in Puntarenas, probably due to adequate piped water service. However, it is common
for people in Costa Rica to have at least one washtub that is filled with water to facilitate
washing clothes and/or to store water in areas with regular water service interruptions. These
habitats make good sites for Ae. aegypti larvae to develop if they are not emptied and cleaned
frequently. According to our surveys, water storage in Puntarenas in washtubs or drums does
not seem to be due to problems with piped water service, and keeping washtubs filled with
water is probably a common cultural practice in so far as people generally do not regard these
containers as sources of dengue vectors. Containers like drums and buckets used to store water
become common larval habitats in areas where availability of piped water isa problem (Norman
etal. 1991, Focks and Chadee 1997, Calderdn-Arguedas et al. 2004). These washtubs and large
containers can hold enough water during the dry season to prevent desiccation and serve as
productive mosquito larval habitats. Overall, the most productive types of containers that
probably maintain the mosquito population in Puntarenas during the dry season seem less
diverse than in the wet season and could be targeted specifically to washtubs and other large
habitats to reduce Ae. aegypti levels to a minimum and thus hinder the increase in mosquito
densities that occurs during the following wet season.

Although containers that hold drinking water for domestic animals and small cans or plastic
food containers were very frequent larval habitats in Puntarenas, most of them did not contain
larvae, and non-disposable or permanent habitats were more likely to contain mosquito larvae.
This finding may be the result of the ongoing control campaigns that prompt the population to
discard containers with water and change animal drinking water frequently, as well as improve
local garbage collection services. However, non-disposable habitats like roof gutters,
washtubs, and sewers may not be targeted directly in these campaigns as they require special
education and treatments that may include removing debris, frequent draining and washing,
filling in crevices, using adequate covers, or applying larvicides. Some actions may call for
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direct involvement of health authorities, and even though community—based approaches are
more cost-effective (Baly et al. 2007), focusing on vertical actions carried out by local
authorities that would complement current source reduction practices may be the next steps to
improve mosquito control activities in areas that have undergone control activities for a long
time such as Puntarenas.

In general, mosquito control efforts in Puntarenas have probably aided in the reduction of Ae.
aegypti densities and dengue cases over the past decade, given that households were not more
likely to contain mosquito larval habitats during this study. However, other factors that also
reduce transmission may include an increase in immunity to the DEN-1 serotype, which has
been circulating in the area for the past five years. In spite of ongoing vector control, it was
common to find wet habitats, as well as those containing Ae. aegypti and other mosquito larvae
in Puntarenas, especially during the wet season. It is possible that vector populations may be
reduced further in Puntarenas by continuing current community participation focused on
households and disposable containers but also targeting new non-household settings like streets
and lots and implementing ways to eliminate larvae in non-disposable containers, emphasizing
washtubs during the dry season. This will probably require changes in human behavior and the
combined efforts of the public and the vector control personnel.

As has been reported in other areas, vector control is sometimes not effective against dengue
outbreaks (Chadee et al. 2005), and reducing mosquito levels below transmission thresholds
may not be possible with the way control approaches are currently applied. Puntarenas is an
example of a city where organization of vector control is community-based, intersectoral, and
interinstitutional, but these efforts have not achieved a reduction of mosquito densities (in terms
of larval and pupal indices) below transmission thresholds. The analyses performed suggest
specific characteristics of the locations that make them more likely to contain mosquito
habitats, as well as properties of the habitats that make them more likely to contain larvae.
Although these likelihoods may not reflect adult mosquito or habitat abundance, they may
predict shifts in habitat profiles, reflect the impact of past control activities, and propose
directions for improvement of vector control.
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Figure 1.
Map of the localities of Puntarenas surveyed.
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Variables included in the seasonal logistic regression models.
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Outcome variable (season)

Predictor variables

. *
Exclusions

One or more larval habitats in a location (wet and dry
seasons)

Locality
Private
People

Location type

Localities: EI Huerto, Linda Vista.
Location types: school, field/stadium, large building, other;
large and small lots were considered “lots”.

Mosquito larvae in a habitat (wet)

Locality
Location type
Setting
Habitat type
Disposability
Capacity

Location types: field/stadium, large building, other; large
and small lots were considered “lots”.

Mosquito larvae in a habitat (dry)

Locality
Setting
Disposability
Capacity

Localities: EI Huerto, Linda Vista, San Luis.

Ae. aegypti in a habitat (wet)

Locality
Location type
Setting
Habitat type
Disposability
Capacity

Localities: Linda Vista.
Location types: field/stadium, large building, other; large
and small lots were considered “lots”.

Ae. aegypti in a habitat (dry)

Locality
Setting
Disposability
Capacity

Localities: EI Huerto, Linda Vista, San Luis.

*

Categories excluded due to lack of sufficient data for the multiple logistic regression analyses.
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Table 2
Variables and results of the independent Chi-square tests of association applied to the Puntarenas wet season data.

2

Outcome variable Predictor variables % DF p
Larval habitat(s) in a location Locality 50.13 9 <0.001
Location type 20.69 8 0.008
People in a house 5.81 1 0.016
Construction quality 0.85 3 0.838
M°Sq”'t°|i?cr§3§’npupae na Locality 13.64 9 0.136
Location type 17.32 8 0.027
Construction quality 1.96 3 0.580
Mosquito larvae/pupae in a Localit 28.55 9 0.001
habitat Y ' I
Location type 19.27 8 0.014
Habitat setting 472 1 0.030
Habitat type 82.53 12 <0.001
Habitat capacity 2.88 2 0.237
Habitat disposability 4.00 1 0.045
Ae. aegypti in a habitat Locality 27.27 9 0.001
Location type 3.46 8 0.902
Habitat setting 2.02 1 0.155
Habitat type 65.96 12 <0.001
Habitat capacity 2.82 2 0.245
Habitat disposability 0.31 1 0.575
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Logistic regression analyses and predictors for presence of larval habitats in a location, presence of mosquito larvae

in a habitat, and presence or

Ae. aegypti in a habitat.

Outcome variable (season) Predictor variables Wald »? DF p
Locality 37.50 7 <0.001
One or more larval habitats in a location (wet) Egg’;}g 822 i gigg
Location type 4.33 3 0.228
Locality 10.85 7 0.145
One or more larval habitats in a location (dry) Egglsltg 822 } 8%;
Location type 8.01 3 0.046
Locality 16.45 9 0.058
Location type 7.32 4 0.120
Mosquito larvae in a habitat (wet) aztt?i?gt type 453;7375 110 36001061
Disposability 0.02 1 0.885
Capacity 1.45 2 0.485
Locality 10.75 6 0.096
Mosquito larvae in a habitat (dry) SD?S[IJggslability 832 } gggz
Capacity 9.70 2 0.008
Locality 12.47 8 0.131
Location type 0.31 4 0.989
- . Settin 411 1 0.043
Ae. aegypti in a habitat (wet) Habitgt type 35.86 10 <0.001
Disposability 5.29 1 0.022
Capacity 2.66 2 0.265
Locality 11.22 6 0.082
- . Settin 0.74 1 0.389
Ae. aegypti in a habitat (dry) Disposability 0.54 1 0.461
Capacity 7.38 2 0.025
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Seasonal distribution of larval habitats identified according to location type.
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Wet season Dry season

Location t . Habitats with Ae. . Habitats with Ae.

ocation type Larval habitats (%) aa(le;;/;t\ilv(l% ) € Larval habitats (%) aaéga;/;t\ilv(l% ) €
Household 659 (80) 84 (77) 383 (83) 20 (95)
School 37 (4) 6 (6) 21 (5) 1(5)
Empty lot (small) 58 (7) 6 (6) 17 (4) 0
Large lot 31 (4) 7(6) 4(1) 0
Street 16 (2) 2(2) 14 (3) 0
Large building 14 (2) 2(2) 11(2) 0
Field/stadium 6 (1) 1(1) 6 (1) 0
Small business 7() 1(1) 0 0
Other 1(0.1) 0 5(1) 0
Total 829 (100) 109 (100) 461 (100) 21 (100)
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Table 6
Seasonal distribution of habitats containing Ae. aegypti larvae and/or pupae according to habitat capacity.

Capacity Wet season Dry season
Habitats with Ae. Ae. aegypti pupae Habitats with Ae. Ae. aegypti pupae
aegypti (%) (%) aegypti (%) (%)
Small 43 (39) 147 (28) 5 (24) 2(2)
Medium 40 (37) 190 (36) 11 (52) 9(7)
Large 26 (24) 193 (36) 5 (24) 120 (92)
Total 109 (100) 530 (100) 21 (100) 131 (100)
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Variables and results of the independent Chi-square tests of association applied to the Puntarenas dry season data

2

Outcome variable Predictor variables % DF p
Larval habitat(s) in a location Locality 9.58 9 0.386
Location type 46.69 8 <0.001
People in a house 0.68 1 0.411
Construction quality 0.50 3 0.918
Mosquito larvae/pupae in a Locality 14.35 9 0.110
location
Location type 6.83 8 0.555
Construction quality 1.70 3 0.638
Mosquito larvae/pupae in a Locality 13.42 9 0.144
habitat
Location type 6.95 7 0.434
Habitat setting 0.13 1 0.449"
Habitat type 35.41 11 <0.001
Habitat capacity 13.39 2 0.001
Habitat disposability 4.19 1 0.041
Ae. aegypti in a habitat Locality 13.05 9 0.160
Location type 311 7 0.874
Habitat setting 0.84 1 0.265
Habitat type 14.14 8 0.078
Habitat capacity 6.66 2 0.036
Habitat disposability 0.31 1 0.576

*
Expected value of a cell was <5 and Fisher exact test was used.

J Vector Ecol. Author manuscript; available in PMC 2008 October 3.



Page 20

Troyo et al.

6¢ 600 €Ty 6€ 9Y uosess A1Q
9'GT 9€'0 6'¢¢ LT €T uosess 19\
aJeyoay uosaad X9pu| UoIIeI0T]
1ad sedng 1ad sedng nesyalg Xspul uoneaoT X8pu] J8ureiuod

"BOIY BIS0D) ‘SeuaJeiungd Ul pajen|eAs suoiedo| Wwoly saolpul fednd pue jeale| ndAGae sapay [euosess
8 9|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Vector Ecol. Author manuscript; available in PMC 2008 October 3.



Page 21

Troyo et al.

T 4 € € € L ST 9T 1€ |elol

T 0 0 0 € 0 6 9 6T JETe)

0 T T 14 0 0 T 0 0 1NU020D

0 T 0 0 0 T T 0 v Jamas

0 0 0 0 0 0 z T 0 10d Jamo|4

0 0 T 0 0 T 4 0 Z 13]eM [BWIUY

0 0 0 0 0 0 0 0 0 ]

0 0 0 0 0 0 0 0 T gnysem\

0 0 0 T 0 T 0 0 € wnia

0 0 T 0 0 4 0 6 z Jnse|djued |ews
-ds eiuseIoUEl snyauAyJdoluael ‘ds 1861U109 X3IN 10TeU0109 X5IN Jorebouaul sndredubiu lweynp snjelosejanbuinb Y S—

useIouEIn snyeloIa|YI0 saNyouAyIoXOL . I3 ! NS X9|n) x9|n) snyewr] xe|nd 1 1ENgeH

"22IY BISOD ‘seusseiung ul saroads olnbsow Jaylo Bulureiuod syengey o Aousnbai
6 9lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

J Vector Ecol. Author manuscript; available in PMC 2008 October 3.



