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Summary

OoBJECTIVES The elimination of Aedes aegypti breeding sites has been broadly adopted worldwide to
keep vector population density below a critical threshold. We observed the effectiveness of targeting the
most productive containers on adult A. aegypti females density, which was evaluated weekly.
METHODS AND RESULTS Adult mosquitoes were collected weekly over 55 weeks and pupal surveys were
done in intervals of 4 months to determine container productivity and guidelines for interventions. Pupal
surveys indicated that water tanks (72% of pupae in first survey) and metal drums (30.7% of pupae in
second survey) were the most productive container types. We observed a dramatic but short-term
decrease in weekly adult female A. aegypti density after covering 733 water tanks with nylon net. A
long-term decrease in female adult population density was achieved only when we covered both water
tanks and metal drums. Overall, pupae abundance and pupae standing crop diminished after netting
water tanks and metal drums. Pupae per person, per hectare and per house decreased gradually between
the first and the third pupal surveys, suggesting that targeting the most productive container types (water
tanks and metal drums) produced a reduction in adult population density and infestation levels.
coNcLUSION Opverall, targeting the most productive container types caused the adult mosquito density
to decrease over time, supporting the assumption that this intervention is an effective tool for dengue
control. However, this effect was observed only when both water tanks and metal drums were covered,
possibly due to the functional similarity between these container types, which are large, often shaded,

perennial water storage containers.
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Introduction

The World Health Organization (WHO) estimates that
50 million cases of dengue fever occur annually, with more
than 2.5 billion people living at risk, mainly in tropical
regions (Nathan & Dayal-Drager 2007). Since there are no
antiviral drugs and vaccines available for commercialisa-
tion, vector control is the primary means to reduce dengue
transmission. The main vector of dengue worldwide is the
mosquito Aedes aegypti, which is well adapted to urban-
ised areas especially the surroundings of human dwellings
and breeds often in man-made containers (Braks et al.
2003; Maciel-de-Freitas et al. 2007a; David et al. 2009).
The final outcome of every vector control campaign is to
reduce A. aegypti adult population density below a
threshold level where mosquitoes are no longer of public
health importance (Focks 2003). However, control activ-
ities in many dengue endemic metropolitan cities have
focused on reducing mosquito larvae and pupae without
measuring the impact of control activities on adult popu-
lations. In Brazil, as well as in other dengue endemic
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countries, the limited number of vector control workers
prevents frequent inspections of all households. Routine
vector control surveys occur four to six times per year in a
random sample of households in 146 sentinel cities in
Brazil (Coelho et al. 2008). Therefore, there is the need to
identify more efficient, alternative vector control strategies
that have a measurable impact on adult mosquito popu-
lation densities.

Container types vary in epidemiological importance,
since some containers produce more pupae than others
(Focks et al. 1981; Tun-Lin et al. 1995). Traditional
entomological indices, such as the House (HI) and Breteau
indices (BI), measured larval populations. However, pupal
surveys provide a more accurate proxy estimate of adult
population density resulting in more useful infestation
indices, such as pupae per person (PPP) and pupae per
hectare (PPH) (Connor & Monroe 1923; Breteau 1954;
Focks & Chadee 1997; Focks et al. 2000; Morrison et al.
2004; Schneider et al. 2004; Barrera et al. 2006).

The main objective of targeting the most productive
container types in a given area is to optimise labour
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efficiency and minimise costs while maximizing vector
population reduction (Focks & Chadee 1997; Focks et al.
2000; Focks 2003). Despite the logic underlying this
theory, few studies have assessed the effect of targeting and
eliminating the most productive container types on adult
mosquito population densities (Scott & Morrison 2003;
Tun-Lin et al. 2009). Hence, in this study we evaluated the
impact of eliminate the most productive container types on
A. aegypti population density in a dengue endemic urban
centre in Brazil.

Materials and methods
Study area

The study was performed in an urban settlement of Rio de
Janeiro named Tubiacanga, an isolated, low to middle class
suburban area that is relatively homogeneous and well
planned. Most homes have two to three bedrooms, large
yards with moderate vegetation cover, and streets are
unpaved with well-maintained sidewalks. The area has
poor basic sanitation, with irregular piped water distribu-
tion and garbage collection. Tubiacanga is located in a
lowland coastal area, surrounded on two sides by Guana-
bara Bay, which is likely to have restricted mosquito
immigration and emigration. The settlement comprises
2900 people living in 867 households, with a population
density of 337.4 hab/ha, distributed across 14 blocks.

Dengue incidence and climatic variables

From 2000 to 2009, the Municipality of Rio de Janeiro had
339 338 registered cases of dengue fever. During this 10-
year period, Rio de Janeiro suffered two dengue outbreaks
due to the re-emergence of serotype 3 in 2002 and serotype
2 in 2008. Dengue in Rio de Janeiro is strongly seasonal,

with around 85% of cases reported in the rainy summer,
between January and April (Figure 1). The higher precip-
itation and mean temperature in summer increases the
number of oviposition sites and accelerates immature
development time, producing higher standing crop during
this season. In Tubiacanga mean total monthly precipita-
tion from January to April is 636.2 mm and mean daily
temperature during this period is 26.25 °C (Figure 2).

Monitoring adult A. aegypti population

From July 2008 to August 2009 (55 weeks), we monitored
weekly the adult A. aegypti population density. Adults
were collected in 40 randomly selected houses, represent-
ing approximately 5% of the homes in the study area. Each
week 20 households were sampled using backpack aspi-
rators (Clark 1994) and 20 were sampled using Mosqui-
TRAPs (Favaro et al. 2006). The backpack aspirator is the
most effective collection method for adult A. aegypti, since
it captures males and females at any physiological status,
allowing more accurate adult density estimates (Scott &
Morrison 2003). Aspiration was conducted inside the
household and in the peridomestic environments for 15—
20 min per house. The MosquiTRAP was homogeneously
installed in the study area, with approximately 1 trap
installed in one household per block, and the traps
remained in the same households during the entire study
period. MosquiTRAP consisted of a matte-black container
with around 300 ml of water and a black adhesive card in
its interior to trap gravid A. aegypti females. AtrAedes, a
commercial insect attractant for gravid females, was glued
to the adhesive card (Favaro et al. 2006). Water from traps
was changed weekly and the adhesive cards were examined
weekly for mosquitoes and were replaced bimonthly, as
recommended by the manufacturer.

Figure | Dengue incidence in Rio de
Janeiro city during 2000-2009. The in-
crease of temperature and precipitation in
the summer season (December—March)
produces a higher standing crop of Aedes
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ature observed in Tubiacanga between July
2008 and July 2009.

Pupal surveys

Three household pupal surveys took place in Tubiacanga
to evaluate A. aegypti infestation levels and to provide
guidelines for future interventions. The first survey was
performed 2 months after starting the weekly monitoring
of adult A. aegypti, and the subsequent two surveys were
conducted every 3 months after the first one. Pupal surveys
were conducted by a team of 10 public health agents who
attempted to visit 100% of households over 2 weeks. All
containers were inspected for immature mosquitoes and
containers were classified according to type. All immature
mosquitoes were collected and brought to the lab and
identified according taxonomic keys (Consoli & Lourenco-
de-Oliveira 1994). The most productive containers were
identified and entomological indices were calculated (e.g.
House Index, Pupae Per Person and Pupae Per Hectare).
More than 20 container types were observed, but here we
report only the types with epidemiological relevance, i.e.
the most productive container types (Focks 2003).

Immediately after the first pupal survey, we targeted the
most productive container type (water tanks) in all
households of Tubiacanga. These containers were covered
using nylon net to prevent mosquito oviposition and, thus,
eliminate potential mosquito breeding sites. Three months
later, we expanded our intervention to include the most
productive container type (metal drums) identified by the
second pupal survey. Both metal drums and water tanks
were covered with nylon net in all households in Tubiac-
anga. The number of houses that had a water tank covered
3 months before were recorded, and if health agents visited
a house that they had not been able to inspect before,
they covered the water tank as well as the metal drum. The
third pupal survey was conducted 3 months after covering
both metal drums and water tanks to assess the impact of
this intervention on pupal indices.
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To evaluate the epidemiological relevance of each
container type per survey in Tubiacanga, a set of container
characteristics was estimated. Container abundance
(CoAb) and pupal abundance (PAb) was the absolute
number of water-storage container and pupae per survey,
respectively, and proportion of pupae (PoP) was calculated
for each container type. The frequency of pupae positive
(FPP) was calculated as the number of pupae positive
container/number of all inspected containers. Pupae
standing crop was estimated as proposed by Focks et al.
(2000), as the product of the number of pupae present, the
proportion of pupae that are females (0.50), and the rate of
successful emergence (0.83) (values observed in Focks et al.
1993). Pupae per person (PPP = number of pupae/number
of people in inspected houses) and pupae per hectare
(PPH = number of pupae/inspected ha) were also evalu-
ated for each survey.

Statistical analysis

To test the short-term impact of interventions on adult
mosquito population density, we performed a two-sample
paired ¢ test comparing the average number of adults
collected in the week of the intervention and the three
previous weeks against the 4 weeks after intervention. To
test if infestation levels significantly varied due to inter-
ventions (i.e. between surveys) we compared the mean of
HI and PPP per block by a two-sample paired # test (first vs.
second surveys and second wvs. third surveys).

According to the Bartlett test, the number of immature
per container (P < 0.0001) or per house (P < 0.001) was
not normally distributed. Thus, to test if the interventions
produced any shift in the overall pattern of container
production, we compared the median number of pupae
per container (independent of container type) by a two-by-
two Mann—Whitney test (first vs. second surveys and
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Figure 3 Container productive observed for Tubiacanga during
each survey. Container abbreviation as follow: BC = bucket,

DR = drain, MD = metal drums, MI = miscellaneous, PD = plant
dish, PP = plastic pot, WT = water tank. Numbers above the bars
indicate the absolute number of pupae collected in each container

type.

water tanks were the highest of all positive containers,
reaching a value of 120.76, while metal drums and plant
dishes were 5.81 and 9.96, respectively. Other containers
such as domestic drains, pots and plant dishes were also
low productive with 5% of all pupae each. Therefore, after
the first pupal survey and observing that water tanks were
the most productive container type, we covered 733 water
tanks with nylon net. We estimated that at least 96%
remained covered until the end of the experiment

10 months later.

After netting 733 water tanks in the first intervention,
we observed a rapid, intense, and significant decrease in
adult mosquito population density (¢ = 3.866, df = 4,

P =0.018), when 28.5 = 8.34 females were collected
between 10th and 13th weeks. However, this reduction in
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weekly adult density lasted only a few weeks after the
intervention; by week 13 the adult population had returned
to levels similar to those observed before the intervention
(Figure 4). The mean = sd mosquitoes captured between the
14th and 25th week was 60.58 + 17.78 females per week.
In the second survey (week 25) we collected 1413 larvae
and 280 pupae of A. aegypti. Based on the HI per block,
infestation levels decreased significantly 3 months after
covering 733 water tanks (¢ = 4.652, df = 13, P = 0.0005),
suggesting that targeting water tanks was an effective
intervention. However, the infestation level remained
statistically similar if we assessed PPP per block (¢ = 1.617,
df = 13, P = 0.1299). Surprisingly, we observed a dramatic
increase in almost all container type productivities. Metal
drums increased from 3.48% of pupae in the first survey to
30.71% of pupae in the second survey, with an almost
ninefold increase in the number of pupae collected between
surveys in this container type. The frequency of pupae
positive metal drums arose from 1.65% in the first survey
to 28.57% in the second survey and PSC increased from
5.81 to 35.69 (Table 2). On the other hand, the number of
pupae collected in water tanks fell from 291 in the first
survey to 13 in the second survey (PSC from 120.76 to
5.39), found in two water tanks that were not covered in
the first survey due to refusal of a household to participate
in the intervention. Drains, pots and plant dishes also
presented a higher productivity, frequency of pupae
positive and PSC in the second rather in the first survey
(Figure 3, Table 2). At that moment, we covered 74 metal
drums, which remained covered up to the end of field trials.
In the 4 weeks after the second intervention, we collected
34.5 =+ 8.66 females. The short-term reduction in weekly
females collection was statistically significant, as it was after
the first intervention (¢ = 3.497, df = 4, P = 0.025). The
cumulative effect of netting water tanks and metal drums

!

aegypti females collected each week by 1 5
backpack aspirator and MosquiTRAP in

. . Jul/08
Tubiacanga. Arrows indicate when we
carried out the interventions.
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produced a long-term reduction in female mosquito density
for the remainder of the study (mean = SD was
30.11 = 4.98) (Figure 4). Overall, the adult mosquito
density presented a tendency to decrease in time in
Tubiacanga, supporting the assumption that targeting the
most productive containers is an effective tool to reduce
vector population density and thus dengue transmission.

Finally, in the third pupal survey, when all water tanks
and metal drums were still unavailable for mosquito
oviposition, we collected many fewer A. aegypti larvae and
pupae (848 larvae and 199 pupae). Although the relative
productivity in small containers increased between second
and third surveys (drains from 8.5 to 14.1; plant dishes from
10.3 to 21.1; plastic pots from 7.8 to 18.1), the total pupae
standing crop dropped (drains from 9.96 to 5.81; plant
dishes from 12.03 to 8.71; plastic pots from 9.13 to 7.47).
Metal drum productivity fell to 9%. From the 18 pupae
collected in metal drums during third survey, 10 were in two
metal drums not inspected in the second survey and 8 were
found in one metal drum with holes in the nylon net.

The use of HI per block or PPP per block to evaluate
the efficiency of an intervention must be carefully analysed
since the indices produced conflicting results. The infestation
levels measured by HI was significantly higher in the third
survey than in the second (¢ = 3.875, df = 13, P = 0.0019),
but statistically similar if analysed using PPP (¢ = 1.459,
df = 13, P = 0.168). The median number of A. aegypti
pupae collected per container was similar during first and
second surveys (U = 642.5, P = 0.793), but decreased
significantly on the third survey (U = 333.5, P < 0.001).

Backpack aspirator and MosquiTRAP efficacy

Overall, MosquiTRAP was more efficient than backpack
aspirator in Tubiacanga, where it collected 75.9% of adult
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study period. Points above the x-axis indi-
cate higher efficiency of the MosquiTRAP;
points below the x-axis indicate higher
efficiency of the backpack aspirator.

female A. Aegypti (Figure 5). A mean of 0.87 A. aegypti
females was collected per MosquiTRAP/day, against 0.52
when using backpack aspirator.

Discussion

It has been traditionally assumed that the most cost-
effective means to prevent dengue transmission is through
vector control. In this study we found that eliminating the
most productive containers reduced the density of adult
A. aegypti over the long term, thus probably leading to a
reduction in mosquito-human contact rates and
consequently on dengue transmission. The adoption of new
approaches such as this to control the dengue vector, must
be encouraged due to the difficulties faced by public health
authorities in dengue endemic countries, such as insecticide
resistance, rapid and uncontrolled urbanisation, ineffec-
tively application of resources, inaccessibility of some areas
to control agents due to urban violence, and continued
application of ineffective control methods (Gubler 2002;
Montella et al. 2007; Morrison et al. 2008; Eisen et al.
2009).

Water tanks were the most productive container type in
Tubiacanga at the beginning of the study before any
intervention. This finding agrees with previous studies that
found that large containers used by households for water
storage were often key-mosquito breeding containers in
areas such as Tubiacanga, where piped water distribution
is irregular (Barrera ef al. 1993; Maciel-de-Freitas et al.
2007a). After covering water tanks, we observed a rapid,
significant and dramatic decrease in weekly adult mosquito
collection. Therefore, it is reasonable to assume that our
intervention produced a considerable short-term impact on
vector density. The adult female mosquito population
remained at lower levels for only a few weeks after the first

© 201 | Blackwell Publishing Ltd
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intervention and, remarkably, mean vector density per
week returned to the levels observed prior to the inter-
vention. This data suggests that eliminating only the most
productive container type may be an effective but short-
term control tool. This also suggests that females were able
to locate alternative breeding containers (i.e. metal drums)
to re-establish their populations density 4-5 weeks. The
median number of pupae collected in the first and second
surveys was statistically similar, reinforcing the absence of
a long-term effect on mosquito density due to targeting
water tanks. Water tanks and metal drums are similar in
functionality: they are large and often shaded water
reservoirs. Besides, they are abundant and perennial
containers, i.e. they are always available for mosquito
oviposition year-round if not properly covered. Thus,
despite the lower expected impact of covering 74 metal
drums in comparison of netting 733 water tanks, a harsh
and long-term impact on A. aegypti density was achieved
only after covering both containers. The cumulative effect
of eliminating water tanks and metal drums, containers
that together can hold more than 70% of pupae in
Tubiacanga irrespective of seasonality (Maciel-de-Freitas
et al. 2007a), probably produced the long-term decrease in
vector density observed after the second intervention.
Besides, the reduction in adult density started in January/
2009, a month with intense rainfall and high temperatures,
a suitable ambient for A. aegypti mosquitoes (Honorio

et al. 2009). In a previous report, Honorio et al. (2009)
showed high week collection of adult A. aegypti in
Tubiacanga was performed between October and Febru-
ary. Thus, we believe the dramatic decline in adult A.
aegypti collection after first and second surveys, i.e.
January/2009, may be explained by covering two con-
tainer types that have functional similarities.

Small containers such as domestic drains, plastic pots
and plant dishes presented a significant shift in their pupal
productivity during field study. In the first survey, they
presented a low epidemiological relevance due to their low
pupal productivity. The PSC of small containers increased
after the netting water tanks, however, when water tanks
and metal drums were both netted, their PSC decreased to
levels similar to those observed before the first interven-
tion. The main explanation for the initial increase in the
PSC of small containers may be the opportunistic behav-
iour and ecological plasticity of A. aegypti in relation to
manmade larval sites. It has been shown that the eggs of
A. aegypti females are laid in several containers in
multiple batches, a behaviour known as ‘skip oviposition’
(Harrington & Edman 2001; Colton et al. 2003). The
decrease of the PSC of small containers after netting metal
drums and water tanks reinforces the hypothesis that
mosquito density was affected only when functionally
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similar large and productive containers were concomi-
tantly targeted.

Traditional indices such as Breteau (BI) and House Index
(HI) presented a different pattern than pupae per person
(PPP) and pupae per hectare (PPH). While PSC and adult
population density diminished between first and third
survey, BI and HI increased, suggesting that different
indexes must be calculated and considered to evaluate
mosquito infestation and assess dengue transmission risk.
Several previous reports showed PP and PPH provide more
accurate and reliable infestation indices than BI and HI
(Focks & Chadee 1997; Focks et al. 2000; Morrison et al.
2004; Schneider et al. 2004; Barrera et al. 2006).

Our report produced a valuable opportunity to compare
the efficiency of MosquiTRAP with backpack aspirator.
Since MosquiTRAP is designed to capture gravid females
and the backpack aspirator to collect resting male and
female mosquitoes, comparisons between their efficiency
must be carefully interpreted. Even though the Mosqui-
Trap collects only gravid females, a higher number of
A. aegypti insects were collected using this method. It is
likely that removing water tanks and metal drums led to
greater oviposition in MosquiTRAPs, thus increasing its
efficiency relative to the backpack aspirator. However, the
usefulness of MosquiTRAP in estimating seasonal varia-
tion in adult mosquito density and in assessing risk of
dengue transmission still needs further evaluation.

Dengue control is labour-intensive and faces many
challenges. Since no commercial vaccine or drug is com-
mercially available to treat dengue-infected patients, the
primary means to prevent disease transmission is vector
control. In this study, we report a promising vector control
strategy. We observed that netting the most productive
containers produced a drastic and long-term reduction in
adult mosquito density. We also observed that Mosqui-
TRAP is more efficient than backpack aspirators in
collecting adult female mosquitoes, a result that has been
previously observed elsewhere (Favaro et al. 2006). The
adoption of new and effective tools for mosquito control,
such as those reported in this study, and the elimination of
unproductive strategies must be encouraged to support
integrated vector management programs (Eisen et al. 2009;
Lambrechts e al. 2009).
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