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Abstract

Objective: A study was conducted in Salto (Uruguay), a city recently invaded by Aedes aegypti (Diptera,
Culicidae), in order to identify mosquito-producing containers, the relationship between different Aedes aegypti
population indices and environmental risk conditions for the dengue vector. Due to uruguayan climatic
characteristics, the vector population decreases abruptly during the winter and regrows when temperature rises,
resulting in a particular population dynamic that differs from that of tropical regions.

Methods: 20 clusters randomly selected (100 household each) were visited twice and water filled containers and
immature mosquitoes were quantified. Pupae per person (PPI), pupae per hectare (PPH) and Stegomyia indices
were calculated. The number of mosquitoes in each container type was analyzed, and their spatial location was
described.

Results: The study was able to detect important epidemiological containers (containers not in use and tanks).
While PPI, PPH and Stegomyia indices for the different clusters were correlated, the Stegomyia indices increased
significantly between the first and second sampling. Clusters with abundant vegetation, or located on lower ground
showed the highest PPI values.

Conclusion: Due to its proximity to areas where dengue fever is endemic, Salto becomes valuable for case
studies relevant to other areas in the world that could be invaded by this vector.

Introduction
The world health organization (WHO) has estimated that 50-100

million of dengue virus infections occur annually while a recent study
calculated that the true figure may be closer to 400 million [1-3].
Dengue is endemic throughout the tropics and it has been confirmed
in 128 countries worldwide [4,5]. The geographic extension of dengue
is essentially determined by the distribution of its primary vector, the
mosquito Aedes aegypti (L.) (Diptera, Culicidae). This species is
commonly found in high numbers in urban areas, living close to
human dwellings, where females usually breed in man-made
containers [6].

Human migration probably includes infected people and
international travel constantly introduces new vectors to new
geographic areas [7]. It has also been suggested that temperature
increases and global climatic change could lead to the spread of
mosquito vectors into new areas, to the lengthening of the
transmission season in already endemic regions and also the increase
of the effectiveness of the mosquito as a vector [8-10]. It can be

mentioned as examples that three autochthonous cases of dengue were
reported in Europe in 2010 [11,12], and 27 and 63 autochthonous cases
were documented in Florida (United States of America) in 2009 and
2010, respectively, for the first time in over 50 year (Centers for disease
control [CDC] 2010, Graham, et al. 2011), underlining the fact that the
introduction of dengue in not-endemic areas is a real threat.

In new territories, where the disease has spread recently, it is
necessary to develop approaches and measures aimed to surveillance
and prevention, in addition to keep vector populations low, to detect
new outbreaks of the disease on time-improving also the ability to
distinguish, in an early phase, dengue from other febrile illnesses, and
to develop better response mechanisms to minimize the consequences
of such outbreaks (see rationale and hypotheses of three european
dengue research consortia for a complete development of the subject
[13]). The further spread of the disease into previously uninfected
areas must be avoided.

In South America, Aedes aegypti covers a geographical area
reaching to the province of Neuquén (Argentina) (sporadic

Basso et al., J Infect Dis Pathol 2016, 1:1

Research Article Open Access

Volume 1 • Issue 1 • 1000103

Pathology
Journal of Infectious Disease and

J Infect Dis Pathol
JIDP, an open access journal

Jo
ur

na
l o

f I
nf

ectious Disease and Pathology

mailto:cbasso@movinet.com.uy


occurrence). This is the southernmost distribution area found in the
continent [14,15]. Since 1997, Uruguay has been-once again after
almost 40 years-part of the Aedes aegypti distribution [16]. This
country is located very close to the southernmost geographic limit of
the distribution of the dengue fever vector in the continent. Despite the
efforts of the uruguayan authorities (Ministry of Public Health-MPH,
Municipalities) which involve public education, container disposal,
monitoring with overtops and use of insecticides [17], the vector’s
distribution has steadily increased and now occupies much of the
Uruguayan territory [18]. Even though the reported dengue cases in
Uruguay were all imported, the country is surrounded by dengue
endemic areas (Argentina and Brazil) [19]. As a consequence of this
fact, Uruguay must be considered a threatened area [20].

Because of its geographic location, Uruguay has long periods during
which temperatures fall below oviposition and activity thresholds of
Aedes aegypti, and into the lethal range for the vector, as suggested by
Christophers [21] and Focks, et al. [22,23]. The vector population
regrows when temperature rises, resulting in a particular population
dynamic that differs from that of tropical regions where the disease is
endemic [24].

Dengue surveillance and dengue case investigation studies in the
world include the use of traditional mosquito indices (the Stegomyia
indices: the Container Index-CI: percentage of water-holding
containers with immature stages of Aedes aegypti , the House Index-
HI: percentage of inspected houses with immature stages of Aedes
aegypti and the Breteau Index-BI: number of containers with
immature stages of Aedes aegypti/ 100 houses) that take into account
the density of Aedes aegypti. However, these entomological indices
alone do not provide an accurate measure of the threshold required for
dengue transmission and dengue control. The development of the key
premises and key containers concepts demonstrated that some
premises and containers produce a larger number of immature and
collectively produce larger numbers of Aedes aegypti adults than other
premises and containers [25]. Chadee [26] merged the concept of key
premises and key containers with the pupal indices [27] which
quantified for the first time the adult productivity of 17 different
container types from key premises in Trinidad. The combined concepts
revealed that container productivity and the risk of disease
transmission based on the number of people living in each house (the
number of pupae per person index-PPI) or the number of pupae per
hectare index (PHI) may serve as an improved indicator in ecological
settings where dengue is an important public-health problem. Those
indicators could then be used for the development of more cost
effective, targeted approaches to vector control and dengue
suppression programs [28-33].

In Uruguay, a study performed in the peridomestic areas of 312
households visited three times in the city of Salto in 2008 could not
find significant differences in the number of the different types of
containers with mosquitoes or in the number of mosquitoes in each
[20]. This would have been a useful tool for prioritizing vector-control
interventions. In this new study in the city of Salto, a change in the
methodology previously applied (twenty clusters selected randomly in
the city and an increase of households visited) aimed to identify the
important Aedes aegypti-producing containers (their importance
being a function of a container’s abundance and its productivity), to

relate the values of pupal indices with environmental conditions and to
analyze the relationship between Stegomyia and pupae per person
indices and by survey dates. Finally, we discussed the implications of
our findings involving estimating entomological risk in
epidemiological studies for prevention of dengue fever and routine
surveillance of Aedes aegypti in this non-tropical location of the world.
Due to its proximity to areas where dengue fever is endemic and with
fluid contact with them (people and goods), Salto is a valuable case
study for other areas in the world that could be or are being invaded by
this vector and, a as consequence, could be at risk of suffering dengue
fever.

Methods

Study area, study design and sampling
The location of this study includes the whole urban area of the city

of Salto, a 123,000 inhabited town in North-Western Uruguay
(31°23ʺS, 57°58ʺW). Various sections or cells of Salto were delimited by
overlaying a sampling grid with 200 cells on a geo-referenced digital
map of this city, using ArcGIS 9.3. The cells were numbered and 20
cells were randomly selected using simple random numbers (Figure 1).

The area or cluster to be covered was identified by starting at the
bottom left corner of each cell where 100 premises (houses) were
visited by interviewers. In order to facilitate the work of the
interviewers, each one was given a map and an aerial photo of their
cluster. Due to the exclusion of commercial properties from the survey,
we were not able to identify other mosquito sources in the city.

An entomological survey identifying larvae / pupae of Aedes aegypti
was carried out in the selected premises in order to calculate indices of
mosquito density. Informed consent was sought from all interviewees
and anonymity was assured with respect to recorded and reproduced
interview data. The clusters were then geo-referenced and the
geographic and demographic characteristics were established. The
entomological survey focused on identification and quantification of
Aedes aegypti larvae and pupae (presence or absence of larvae, and
pupae count per container) in all water-filled containers present in
yards, patios and other areas surrounding the homes. Surveys were
carried out in two stages: from November to December 2010 (spring in
the Southern Hemisphere, low vector density due to low temperatures)
and from April to May 2011 (autumn in the Southern Hemisphere,
elevated vector densities due to higher temperatures). Although
Uruguay does not have distinct dry and wet seasons but rather periods
of rain spread out almost equally throughout the year, water deficit
occurs during the summer despite high values of rainfall (very high
temperatures and high solar radiation jointly bring about large values
of water vapor atmospheric demand), the first survey-period coincided
with a period of drought and the second with frequent rainfall (148
mm and 304 mm, respectively, Official data form the National Weather
Service, Uruguay). Field work was conducted by 14 people trained and
supervised by the project team members and by officials of the
dirección departamental de salud de salto (DDSS) of the MPH. The
surveyors had experience with these types of surveys as they had
previously carried out entomological surveys of Aedes aegypti for the
MPH.
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Figure 1: Map of the city of Salto (Uruguay) showing sampling sites.

The containers detected were counted and classified based on their
size and use (in use =routinely used; not in use=abandoned or stacked)
in Uruguayan households: [1: Tanks (capacity ≥200 liters, used to
collect water), 2: Large standing cement wash tanks (capacity: 10-50
liters, in use), 3: Paint-can sized water containers (capacity: 5-10 liters,
used for household chores), 4: Buckets (capacity: 5-20 liters, used as
troughs), 5: Others (in use), 6: Paint-can sized water containers
(capacity: 5-10 liters, not in use), 7: Flower vases (not in use), 8: Tires
(not in use), 9: Bottles (capacity: 1-2 liters) and small miscellaneous
containers (not in use), 10: Natural containers (not in use) and 11:
Others (not in use)], source of water, volume, location, the presence of
vegetation and the presence of a lid. Only wet containers were
recorded.

All larvae and pupae found were stored in small vials with alcohol
(identifying the container they came from) and transported to the
laboratory of the DDSS-MPH, where the larvae and pupae were
identified using the Darsie key [34] and counted. The corresponding
Stegomyia indices (CI, HI, BI), PPI and PHI were calculated for
clusters and for the overall study area.

Spatial representation
To represent the pattern of spatial distribution of events (PPI) based

on the corresponding coordinates, we used data interpolation and data
smoothing using the Gaussian kernel [35]. This method allows
estimating the probability of the occurrence of an event in each cell of
a regular grid, with each cell of this grid being the weighted average of
all values for that site. These values are assigned using a probability
distribution function- in this case Gaussian. The degree of smoothing
is controlled by choosing a bandwidth which indicates the area to be
considered in the calculation. This area should be related to the
geographic scale of the hypothesis of interest or to prior knowledge
about the problem under study [36]. In agreement with Souza-Santos
and Carvalho [35] this analysis used a bandwidth of 300 m based on
dispersion of the female Aedes aegypti when they are not able to find
suitable containers for females oviposit [37].

Next, the urban and geographic characteristics of the sites located in
the city of Salto, the environmental conditions of the homes, the areas
around houses and open spaces and the characteristics of the
population were described and analyzed. We used data from the
Geographic Information System “Arc-View” detailing density and type
of vegetation and construction, land size, sanitation systems, street and
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sidewalk paving, storm sewer systems, topography, floodplains, access
roads to the city, transport terminals and the socio-economic level of
the population. This information was provided by the Municipality of
Salto and was used in addition to our own calculations from
cartography and photo interpretation of satellite photographs from
Google Earth and photographs taken in the city.

Statistical analysis
A statistical analysis of the results from the first (November to mid-

December 2010) and second (from April to mid-May 2011)
entomology surveys results was carried out using a non-parametric
Kruskall-Wallis analysis of variance. When significant differences were
found, a Mann-Whitney test with Bonferroni corrections was
performed. In all cases a significance level of p=0.05 was used.

The pupal counts were used to calculate the PPI and PPH. We used
a nonparametric (distribution-free) Spearman´s rank correlation
coefficient [38] to measure the strength of the association between two
ranked variables with a monotonic relationship between them (in this
case the two indices).

Scientific team
The study involved researchers from the University of the Republic

of Uruguay and the Ministry of Public Health, part of a
multidisciplinary team which used an ecosystem approach based on
the principles of Ecohealth (this approach to health focuses on the
interactions between the ecological and socio-economic dimensions of
a given situation, and their influence on human health, as well as how
people use or impact ecosystems, the implications for the quality of
ecosystems, the provision of ecosystem service, and sustainability) [39]
to prevent and control the proliferation of the dengue vector [40]. The
results from this study will be integrated with the results from social
research carried out by other members of the team, to formulate an
eco-bio-social proposal to help prevent dengue fever in Salto-Uruguay.

Results

Container Classification, Productivity and Aedes aegypti
Indices
The buckets were the most abundant containers in use in both the

first and second sampling (45% and 52%, respectively). Next in
importance were the large standing cement wash tanks in use (22%
and 10%) and tanks in use (drums, barrels) (14% and 12%) in both the
first and second sampling respectively.

The water containers not in use including the flower vases, tires,
paint-can sized water containers, bottles and miscellaneous small
containers, and other containers represent only a small percentage of
the total number of containers (6% and 13% in the first and second
sampling respectively), among which the bottles and miscellaneous
small containers stand out (4% in both periods). Of all the containers
with water examined in both of periods (period 1=1,089; period
2=934), the containers which were not in use had the highest
productivity of Aedes aegypti pupae of the total number of containers,
they produced 46% of pupae collected. Considering those ‘others
containers not in use’ (2% of total number of containers) produced
19% of pupae collected. Buckets represented the largest fraction of

used containers (48% of that total), but they only produced 12% of the
pupae collected. While tanks, which were less than one third of the
number of buckets, produced 20% of pupae collected (Table 1).

The differences in productivity of pupae by container type were
significant (p<0.05) (Kruskall-Wallis, Hc: 231.5, p=1.70E-03).
According to the Mann-Whitney (MW) a posteriori test with
Bonferroni’s correction, there is a significant difference (p<0.05)
between the flower vases (higher productivity of pupae by container
type value) tanks (in use) (p=1.51E-05), paint-can sized water
containers (in use) (p=1.96E-06), others containers (in use)
(p=6.97E-10), buckets (in use) (p=3.10E-36), and large standing
cement wash tanks (in use) (lower productivity of pupae by container
type value) (p=1.44E-32). Also there is a significant difference (p<0.05)
between the tanks in use regarding large standing cement wash tank
(p=0.001325), buckets (p=1.03E-06) and others unused recipients
(p=0.003748); between large standing cement wash tank regarding
paint-can sized water containers (p=2.40E-11), tires (p=8.00E-14),
bottles and small miscellaneous containers (p=2.00E-09) and others
unused recipients (P=1.14E-15); between paint-can sized water
containers regarding tires (p=0.02592) and others unused recipients
(p=0.004284); between buckets regarding paint-can sized water
containers (p=6.51E-15), tires (p=1.81E-19), bottles and small
miscellaneous containers (p=3.52E-17) and others unused recipients
(p=1.03E-27); and between others recipients in use regarding paint-
can sized water containers (p=0.00455), tires (p=0.0004747), bottles
and small miscellaneous containers (p=0.01362) and others unused
recipients (p=4.16E-05) (Table 1).

Significant differences (p<0.05) (Kruskall-Wallis, Hc: 250.9,
p=6.16E-13) were found considering the origin of the water in the
containers. According to the Mann-Whitney (MW) a posteriori test
with Bonferroni’s correction, there is a significant difference (p<0.05)
between the drinking water supply network regarding rain water
(p=5.42E-57) and water from two sources (p=5.47E-06). More than
80% of the water in the containers came from the drinking water
supply network. However, 76% of pupae were found in containers with
rain water, where productivity per container was significantly higher
than that of the containers filled with water from a piped water supply.
In the case of containers which received water from two sources,
productivity was not significantly different from containers with rain
water (Table 2).

The vast majority of containers were uncovered (80%) and from
these 78% of pupae were collected. Productivity in the containers was
not significantly different when they were fully or partially covered or
uncovered (Kruskall-Wallis, Hc: 2,386, p=0.873). Even when more
than 78% of the containers were not placed under vegetation (neither
completely nor partially), only 68% of the total number of pupae
collected were obtained from those. Despite some variation in
productivity between containers could be established, those
productivity differences among containers were not statistically
significant (Kruskall-Wallis, Hc: 2,386, p=0.873).

In the containers which had been in use within the previous 7 days
for both sampling periods (representing 84% of the total number of
containers) only 16% of the pupae were collected. The water containers
which had not been used during this period had significantly more
pupae production (p<0.01) (Mann-Whitney test, T: Ub: 1.91E+05,
p=3.34E-60).
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Type of Container Number of
containers

Total number of
pupae % of total pupae Pupae/cont. (average)* Standard Error

Flower vases 4 22 4.98 5.50 a 3.43

Others (not in use) 47 85 19.23 1.81 a 1.03

Tires 23 30 6.79 1.30 ac 0.6

Paint-can sized water containers (not in
use) 22 28 6.33 1.27 acd 0.63

Others (in use) 145 63 14.25 0.43 bf 0.41

Bottles and small miscellaneous
containers (not in use) 92 38 8.6 0.41 acd 0.12

Tanks (in use) 265 88 19.91 0.33 bcd 0.1

Paint-can sized water containers (in use) 127 31 7.01 0.24 bdf 0.12

Buckets (in use) 968 55 12.44 0.06 ef 0.03

Large standing cement wash tanks (in
use) 330 2 0.45 0.01 ef 0

Natural containers (not in use) 0 0 0 0 0

Table 1: Number of containers with water by type and number of pupae collected in peridomestic areas of household: combined results from
Surveys 1 and 2. Means followed vertically by the same letter are not significantly different (p<0.05) in a Mann-Whitney test with Bonferroni
corrections.

Source of water Number of containers Number of pupae Number of pupae /
container (average) Standard Error % of total container % of total

pupae

Drinking water 1620 45 0.02778 0.0125 80.1 10.2

Rain water 341 338 0.9912 0.2458 16.9 76.5

Both 62 59 0.9516 0.5351 3.1 13.3

Table 2: Containers and pupae produced according to source of water. It was used the Mann-Whitney a posteriori test with Bonferroni’s
correction between the drinking water supply network regarding rain water and water from two sources.

Even though all of the Aedes aegypti indices increased in the second
survey (Table 3, S 3), neither the PPI nor PHI differed significantly
between the first and second survey, although the Stegomyia indices
did differ significantly between the two periods (Table 4). The PPI
values varied dramatically among the clusters, for both the first and the
second survey (Figure 2). In the first survey, both the HI and BI, and
the PPI and PHI, were significantly correlated. In the second survey all
indices were correlated (Table 5).

Date HI CI BI PPI PHI

Survey 1 0.4 0.7 0.4 0.01 0.2

Survey 2 4.4 12.5 6.8 0.06 1.7

Table 3: Estimated values of the Container Index (CI), House Index
(HI), Breteau Index (BI), number of Pupae per person Index (PPI) and
number of Pupae per hectare Index (PHI) for the two sampling dates
in Salto (Uruguay). Survey 1=November-December 2010; Survey
2=April-May 2011.

HI CI BI PPI PHI

S1-S2 S1-S2 S1-S2 S1-S2 S1-S2

T=Ub: 14 6 13 42 41

P(same): 0.019 0.0036 0.0156 0.7221 0.6695

Monte Carlo p: 0.0157 0.0011 0.0117 0.7385 0.6809

Exact p: 0.0148 0.0014 0.0112 0.7304 0.679

Table 4: Analysis of different indicators between the two surveys using
the non-parametric Mann–Whitney test. S1: survey 1, S2: survey 2.
T=Ub: value of the statistic. Bold values indicate significant differences
between surveys (p<0.05).

Urban characterization of clusters with highest PPI
Of all the clusters that were studied, clusters 1 (PPI=0.19), 15

(PPI=0.35) and 16 (PPI=0.24) showed greater PPI values in the second
survey. Clusters 1 and 15 are located on the edge of the urban area,
along bypass and access roads (by which Aedes aegypti can be
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imported from neighboring areas), very close to the surrounding
countryside. Properties may be adjacent to large open spaces with little
control and areas with abundant vegetation. Cluster 1 has no sewage
system, streets and sidewalks are not paved, and many ditches are
present. There is a low density of individual housing and abundant
vegetation in all areas around and in between houses. Cluster 15 also
has low housing density and is bordered by an area with no houses
which slopes down to a stream. It is characterized by dirt roads,
abundant vegetation, factories and warehouses. In the immediate
surrounding area there is a football stadium, a tire shop, an area of
shacks, and full-time elementary and high schools. In the town
outskirts there are plenty of open spaces with vegetation, where large
housing properties or properties used for other purposes can also be
found. All those buildings are difficult to maintain.

HI CI BI PPI PHI

First
Survey

HI 0 0.233 0.017 0.233 0.683

CI 0.61 0 0.233 0.683 0.783

BI 1 0.59 0 0.233 0.683

PPI -0.62 -0.23 -0.6 0 0.45

PHI 0.22 -0.13 0.22 -0.4 0

Second
Survey

HI 0 0.0000182 0.000000263 0.014 0.01

CI 0.82 0 0.00000197 0.076 0.016

BI 0.89 0.86 0 0.026 0.003

PPI 0.3 0.42 0.51 0 0

PHI 0.57 0.54 0.65 0.86 0

Table 5: Non-parametric Spearman´s correlation analysis between HI,
CI, BI, PPI and PHI. In Bold, significant probability values (p<0.05). In
italics, the corresponding correlation coefficient values.

Cluster 16 lies fully within the urban area, but is located on lower
ground, near a stream, with dense native forest and large, uncared-for
public spaces. The area has low density housing. The houses are old
and have yards which are at risk of flooding. Humid areas encourage
vegetation growth and make maintenance difficult for the residents.

Environmental conditions and the aforementioned problem of space
maintenance in clusters 1, 15 and 16 has had probably an influence on
the fact that, even when only 18% of the containers with unused water
of the 20 clusters were reported in those three clusters, such containers
produced 42% of the total pupae found in all the clusters.

Discussion
Historically, entomologic surveillance for dengue was dominated by

the use of larval surveys, mostly because Aedes aegypti control grew
out of an elimination paradigm that promoted complete, thorough and
repeated coverage of infested areas [41]. Since the elimination of Aedes
aegypti is an unattainable goal, today most dengue control efforts are
based on suppression of Aedes aegypti and not on elimination [42,43].
Those efforts are better accomplished if a suitable level of reduction of
mosquitoes is known. And also knowing the methodologies to achieve
that level, monitor it and select correctly the most productive
containers regarding optimal labor efficiency, cost reduction and

maximum elimination of adults [44,45]. Entomological surveillance
was/is always based on larval indices showing basically the presence/
absence of the vector. Pupal indices are mainly for identifying the most
productive container types and to get a clue for vector densities. Ideally
both adult vectors should be killed through ITN (insecticide-treated
nets) curtains or water container covers and at the same time the most
productive container types should be targeted. One research
programme in Latin America [46] (and previously in Asia [47]) has
shown that you can achieve a significant impact on vector densities by
implementing one or the other strategy but best both together. When
you have low vector densities and no virus transmission (like in
Uruguay), it makes sense to keep the vectors down by killing the
immature stages particularly in the productive container types.

Figure 2: PPI representation in the city of Salto (Kernel method). A:
survey 1 (from November to mid December 2010); B: survey 2
(from April to mid May 2011). It was used data interpolation and
data smoothing using the Gaussian kernel [35].

In contrast to the results obtained in a previous study in Salto [20],
the current study was able to detect epidemiologically relevant
containers (type and use). In the present study the number of sampled
dwellings was 6.4 times larger than in the previous one by Basso, et al.
[20]. An increase that was probably responsible for finding such
significant differences. In this regard, in such regions of the world in
which Aedes aegypti is present, albeit in low numbers, studies should
cover almost the whole area under survey, in order to obtain consistent
results.
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In fact, although only a small number of the total containers
surveyed were not in use (9%), they produced 46% of pupae collected.
Additionally, while the tanks only accounted for 13% of surveyed
containers they produced 20% of total pupae collected. ‘Other unused
containers’ produced a large share of the pupae collected. In spite that
they amounted only to 2% of the total number of containers, 19% of
the pupae were collected there.

Pupal productivity surveys are a useful tool for prioritizing vector-
control interventions as has been suggested by other authors
[26-33,48-50]. Infestation of a household is mostly function of
container management practices by residents of the property and the
ecology of Aedes aegypti [41]. Since it has been shown that
productivity increases after a period of 7 days of non-usage a weekly
revision and disposal of unused containers would be advisable.

While the PPI, PHI and Stegomyia indices for the different clusters
were correlated in the second sampling, the Stegomyia indices
increased significantly between the first and second sampling, but not
the PPI and PHI. This result differs from that reported by Bisset, et al.
[51] who indicated that although each of the three Stegomyia indices
was closely correlated with the other two (p<0.05 for each), no
statistically significant correlations were observed between any of the
pupal indices calculated (the numbers of pupae per person, per
container inspected, and per hectare) and any of the Stegomyia indices.
The highest PPI values which were obtained in the second survey
(PPI=0.06), would not be sufficient indication of possible dengue
outbreaks according to the computer models by Focks, et al. [52]
(PPI=7.13 with a temperature of 22°C), considering that dengue herd
immunity in the urban population of Salto can be considered to be
close to zero. This is due to the fact that there has been no reported
virus transmission in recent years and that monthly average
temperature during the second survey was 18°C. This indicates that the
increase observed in the number of pupae collected in the second
sample does not necessarily mean an increased risk of dengue fever
transmission. It should be taken into account, however, that the Focks,
et al. models [52] establishing PPI thresholds for epidemic
transmission-have yet to be validated.

Water containers shaded by vegetation showed no significant
increase in vector productivity compared to non-shaded containers, a
difference with the findings of other authors, who found a positive
relationship [29,53]. However, the fact that in our study 42% of the
total pupae found in all the clusters were found in only three clusters
with plenty of carelessly maintained vegetation under which water
containers can be kept, gives a guide to be kept into account at the
moment of defining high risk conditions regarding a higher incidence
of Aedes aegypti Other conditions beneficial to Aedes aegypti, as
mentioned elsewhere [54-56], were present at some of these areas, such
as neighborhoods along or contiguous with the main roads and points
of access (leading to an influx of people and goods), unplanned
urbanization, and warehouses also create conditions for risk areas.
Such relationships should be the subject of future studies in Uruguay
and used for selecting the disposal of those containers that are exposed
to environmental conditions conducive to greater Aedes aegypti
productivity.

Given that the cluster with the highest PPI value also had the
highest concentration of unused containers (bottles, tires, abandoned
small containers) suggest that the task of preventing and reducing
Aedes aegypti breeding areas should focus on reducing these
containers, and spreading the word about the risk of leaving containers
with water standing for more than 7 consecutive days. Considering

their high productivity and reduced numbers in relation to other
containers, proper sealing, removal or replacement of tanks must be
also encouraged. Public institutions and local population should
maximize efforts aiming to reducing the sources of Aedes aegypti
(specially the most productive ones) and should maintain urban areas
in such conditions that the development of Aedes aegypti can be
reduced and dengue outbreaks prevented. Taking into account that
dengue is nowadays not even present in Salto and that the attention of
the population is focused on other health problems; educational
campaigns and right messages should help bring behavioral changes to
the population. Changes should aim at improving environmental
management practices that help prevent the disease. Salto can be
considered a 'case study' of new areas that Aedes aegypti will reach if,
as is expected in a climate change context, the mosquito's distribution
extends.
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