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Abstract The efficacy of an ultralow volume formulation
(ULV) and fumigant canister, containing both permethrin
and pyriproxyfen, was compared with that of standard per-
methrin applications in a field assay conducted in Banda del
Río Salí, Tucumán (north-western Argentina). Five treat-
ment areas were established: first area was sprayed with a
ULV formulation of 10 % permethrin, a second area was
treated using a fumigant canister containing 10 % permeth-
rin and 3 % pyriproxyfen, the third area was sprayed with a
ULV formulation of 10 % permethrin and 3 % pyriproxyfen,
the fourth area with ULV formulation of 10 % permethrin
using a portable aerosol generator and the fifth area was a
left untreated area. Immature and adult Aedes aegypti indi-
viduals placed in containers and sentinel cages were posi-
tioned within the treated and control areas. The effects of
treatment and time on larval, pupal and adult survival were

tested. We also investigated the effects of treatment and time
on the numbers of larval and pupal deaths, on the proportion
of larvae that metamorphosed into pupae and adults, and on
the proportion of dead adults. Larval A. aegypti survivorship
in 250 mL containers revealed a significant treatment effect
and significant treatment × time interaction 2 and 24 h after
the application of the ULV treatment with 10 % permethrin
using the portable aerosol generator. The number of dead
larvae in 20 L containers differed significantly by treatment
and by time. ULV treatment with 10 % permethrin and 10 %
permethrin plus 3 % pyriproxyfen using the cold fogger
truck mount ULV resulted in the greatest numbers of dead
larvae; most larvae died 2 weeks after application. Adult
A. aegypti mortality in all treatments did not differ signifi-
cantly 2 and 24 h after application. In addition, we found no
significant differences in adult mortality between cages ex-
posed at 3 m and those at 6 m from the ULVapplication line.
However, there was a significant difference in adult mortal-
ity between the 10 % permethrin treatment applied with cold
fogger truck mount ULV and that applied using the portable
aerosol generator (P<0.001). The larval index known as
Breteau index (BI) was higher before treatment than after
treatment in different areas. After the treatments, the lowest
value of BI was observed in the area treated with the
fumigant canister formulation, and a long-lasting effect
was observed with the formulation of 10 % permethrin
and 3 % pyriproxyfen.

Introduction

Dengue fever is the most important arbovirus disease in the
world, with an estimated 50 million cases annually and
30,000 deaths per year (Kourí et al. 2007; Kroeger and
Nathan 2006; Garelli et al. 2011). Aedes aegypti (Diptera:
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Culicidae) (L.), the main vector of dengue, urban yellow
fever and chikungunya virus, is a highly domestic and
anthropophilic mosquito found inside or close to human
dwellings in urban settings (Kyle and Harris 2008;, Garelli
et al. 2011). Around 1960, the vector was eliminated from
Argentina; however, since 1987, it has again been detected
in the northern region of the country (Salta, Jujuy, Misiones
and Formosa provinces) with a prevalence of DEN-1 and
DEN-2 antibodies (Aviles et al. 1999; Carbajo et al. 2001;
Boffi 2002; Masuh et al. 2008). In 2009, it produced the
largest epidemic in the country’s history, with 26,612
human cases of DEN-1 reported in 9 provinces (Boletín
Epidemiológico 2011). The epidemic included severe clinical
cases and, for the first time in Argentina, grave cases with
mortality attributable to this cause (Sistema Nacional de
Vigilancia de la Salud (SNVS) 2012). In 2010, 1,136 cases of
DEN-1, DEN-2 and DEN-4 antibodies were reported, and
there were 192 reported cases of DEN-1 and DEN-2 in 2011
with the majority occurring in the Salta, Santa Fe and Mis-
iones provinces. Meanwhile, in Bolivia, Paraguay and Brazil,
10,914 cases of DEN-1, DEN-2 and DEN-3; 22,012 cases of
DEN-1 and DEN-2 and 254,734 cases of DEN-1, DEN-2,
DEN-3 and DEN-4 were registered in each country, respec-
tively (Sistema Nacional de Vigilancia de la Salud (SNVS)
2012; PAHO 2011).

To date, there is no vaccine for dengue; control depends
largely on the control of the vector A. aegypti. This species
breeds in natural and artificial environments (Goma 1964;
Masuh et al. 2008), and due to its capacity to readily adapt
to novel artificial environments, it can invade new habitats
(Gratz and Knudsen 1996; Lucia et al. 2009).

Vector control efforts typically target the immature
stages, attempting to reduce larval populations in domestic
habitats (Lucia et al. 2009). However, such efforts require
considerable time and effort, with the result that sometimes
not all containers are treated, e.g. those within dwellings
(Harburguer et al. 2009).

The most widely used larvicide during the past 40 years
has been organophosphorus temephos, which is not toxic to
humans at the recommended application doses (Brooks et al.
1966; Bang and Pant 1972; Chadee 1984; Donalisio et al.
2002; Tawatsin et al. 2007; Garelli et al. 2011). However,
A. aegypti now exhibit an acquired resistance to this larvi-
cide in Brazil, Argentina and Bolivia (Macoris et al. 2003;
Braga Ima et al. 2004; Seccacini et al. 2008; Harburguer et
al. 2009).

The World Health Organization (WHO) recommends the
use of the pyrethroid permethrin, the biolarvicide Bacillus
thuringiensis var israeliensis (Bti) and the insect growth
regulators (IGRs) methoprene and pyriproxyfen for treating
drinking water (Lee et al. 1996; Chavasse and Yap 1997;
WHO (World Health Organization) 1999, 2007a, 2007b).
Pyriproxyfen affects the hormonal balance organisms and it

can suppress the embryogenesis, metamorphosis and devel-
opment into adults (Itaya 1987; Koehler and Patterson 1991;
Harburguer et al. 2009).

The most common type of intervention used during pre-
vention efforts as well as during epidemic outbreaks is the
ground application of spatial sprays. These sprays deliver a
minimal volume of insecticide formulation per unit area,
known as the ultralow volume (ULV; PAHO 1994; Lucia
et al. 2009). However, ULVapplications have been reported
as ineffective in controlling not only larvae inside and
outside dwellings (Yap et al. 1997) but also adult A. aegypti
individuals (Perich et al. 1990) resting under beds, behind
furniture and in closed rooms, where it is difficult for aerosol
droplets to reach (Perich et al. 2000; Harburguer et al. 2009).

Another method frequently used for vector control is the
indoor, thermal active system known as the fumigant canister.
This canister is a smoke-generating device that typically
releases pyrethroid formulations. It was developed for the
indoor control of Chagas disease vectors (Zerba 1995; Zerba
et al. 1996; Gonzalez Audino et al. 1999) and has been shown
to provide excellent control of adult A. aegypti inside dwell-
ings (Masuh et al. 2003; Harburguer et al. 2009)

Until today in Argentina, control efforts against
A. aegypti were focused on domiciliary control, primarily
at the community level. This approach implies changes in
relation to the re-organisation of the environment, which is
not always successful. Several components inhibit the suc-
cess of these efforts: (a) the shortage of control efforts with
sufficient coverage, i.e. coverage of at least 90 % of each
locality; (b) the prevalence of different types of containers
that favour vector development in the urban habitat; (c)
insufficient resources to eliminate containers and (d) insuf-
ficient human resources capable of successfully carrying out
preventative measures. In addition to these social factors,
technical shortcomings hinder control. For example, the
inefficacy of ULV spatial sprays and the persistence of adult
mosquitoes inside dwellings can act to limit the exposure of
adults to the insecticide (e.g. if interior spaces are not
prepared prior to spraying (e.g. with open windows or
doors) or if adults reside inside closed cabinets, closets or
rooms, the resulting limited circulation of insecticide will
have little impact on those adults). Another limitation is that
ULV spatial sprays inside dwellings have limited perfor-
mance, particularly during epidemics when demand is high.
Foregoing the use of ULV spatial sprays raises questions
about the need of alternative approaches to remedy or improve
the effectiveness of interventions in such situations.

Therefore, we present the results of a multi-faceted ap-
proach conducted in Tucumán province, which evaluated (a)
the efficacy of a new combination larvicidal–adulticidal
product (permethrin plus pyriproxyfen) in ULV spatial
sprays (cold fogger truck mount ULV), (b) its efficacy in
controlling both adult and immature mosquitoes relative to
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the conventional permethrin application via spatial ultralow
volume formulation sprays (using cold foggers truck mount
ULV and portable aerosol generator ULV) and (c) the effi-
cacy of this product applied via fumigant canister in the
same locality. It is hoped that the results obtained in the
present study will be useful to be implemented during vector
control programs and then, to limit dengue transmission.

Materials and methods

Study site

Banda del Río Salí (26° 51′ S; 65° 10′ W, 425 msnm) is in
the Cruz Alta Department in eastern Tucumán Province. It is
known as the “National Capital of Sugar” due to the presence
of sugarcane crops favoured by the subtropical climate. The
city has 64,591 inhabitants. It is one of the most populated
cities of Tucumán Province and lies 3 km east of San Miguel
de Tucumán, the capital of the Province.

Five areas (A, B, C, D and E) of approximately nine
blocks each and separated from one another by green areas
(e.g. primary vegetation, secondary vegetation, sugarcane
crops) were subject to either (A) ULV treatment with 10 %
permethrin using cold fogger truck mount ULV, (B) fumi-
gant canister treatment with 10 % permethrin plus 3 %
pyriproxyfen, (C) an untreated area as a control, (D) ULV
treatment with 10 % permethrin plus 3 % pyriproxyfen
using cold fogger truck mount ULV and (E) ULV treatment
with 10 % permethrin using portable aerosol generator ULV.
At the all the areas, infestation rates were measured before,
during and after treatment. The areas were selected based on
similar socio-economical characteristics (e.g. housing mate-
rials, running water, animals living in or close to dwellings
and the presence of natural barriers (such as the Salí River)
or green areas (i.e. natural vegetation or crops) that were
considered buffer zones.

Chemical products

Formulation A: composition: 10 % permethrin (3-phenoxy-
phenyl) methyl 3-(2,2-dichloroethenyl)-2,2-(dimethyl cyclo-
propane carboxylate), cis: trans relationship 45:55, provided
as an emulsifiable concentrate (EC) by Chemotecnica S.A.
(Argentina). Dose: 10 mL per ha.

Formulation B: composition: emulsifiable concentrate
(EC); 3 % pyriproxyfen (2-(1-methyl-2-(4-phenoxyphe-
noxy) ethoxy) pyridine) plus 10 % permethrin as an emul-
sifiable concentrate (EC), formulated by Chemotecnica S.A.
(Argentina).

Polyethyleneglycol 1000 could be used as an antievaporant
for ULV treatments.

Dose: 100 mL per ha.

Formulation C: fumigant canister with permethrin plus
pyriproxyfen. Composition: 1 % permethrin (1-RS)-cis-trans-
3-(2,2-dichlorovinyl)-2,2-(dimethyl cyclopropane carboxyl-
ate of phenoxybenzyl) plus 0.2 % pyriproxifen (4-phenoxy-
phenyl (RS)2-(2pyridyloxy) propyl ether). Fumigant
components and inert c.s.p. 50 g.

Dose: One tablet each 25–50 m3/10–20 m2

The fumigant canister was provided as tablets by Chemo-
tecnica S.A. (Argentina).

The cold fogger truck mount ULV covered a 3-ha area.
Adult cages were placed at dwellings located in the central
zone. The portable aerosol generator ULV was applied to a
randomly chosen set of 20 dwellings in the central zone,
comprising an area of nine blocks (three blocks per side),
fully treated.

The following fieldwork areas were studied:

1. Zone A: This zone contained nine blocks. The central
block contained all of the dwellings, adult cages,
250 mL and 20 L water containers; the latter were
sampled to measure the infestation rate in and around
dwellings, e.g. front yards, backgrounds, galleries, pati-
os, terraces and storage units. Ten percent permethrin
was applied via cold fogger truck mount ULV.

2. Zone B: Similar to Zone A, except that fumigant canister
were employed at all dwellings.

3. Zone C (Control): A nine block area without treatment,
where the infestation rates before, during and treatment
in other zones were measured.

4. Zone D: Similar to Zone A, except the combination
formulation of 10 % permethrin plus 3 % pyriproxyfen
was applied via cold fogger truck mount ULV.

5. Zone E: Similar to Zone A, except 10 % permethrin was
applied via portable aerosol generator ULV.

Biological material

We used to the trials susceptible strains of A. aegypti (Rock-
efeller strain) according to CIPEIN (Centro de Investigaciones
de Plagas e Insecticidas CITEFA-CONICET) and the estab-
lished conditions required by INAL (Instituto Nacional de
Alimentos) and ANMAT (Administración Nacional de Med-
icamentos, Alimentos y Tecnologías Médicas). A. aegypti
specimens were reared at the laboratory of the Vector Control
National Program (NationalMinistry of Health) in SanMiguel
de Tucumán (Tucumán, Argentina).

ULV treatments

We used a cold insecticide, vehicle-mounted generator
called the Curtis Dyna-Fog 2PTM ULV Maxi-ProTM
(Westfield, IN, USA) for ULV insecticide applications. Flow
was regulated at 1 L of mixture every 2 min 40 s, which is
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the amount of time considered necessary to spray 1 ha
(Lucia et al. 2009). Ten grams of permethrin/ha (formulation
A) was applied in the zone A and 10 g of permethrin plus 2 g
pyriproxyfen/ha (formulation B) was sprayed in the zone D.

We also used a cold insecticide, portable aerosol generator
ULV called the Motan Fontan® Portstar N (Isny, Germany)
for ULV insecticide application. The deposit volume of insec-
ticide was 2.5 L. The flow was regulated to 1 L of mixture per
hour. Polyethylene glycol antievaporant (6 % of concentration
in volume) was used. The application time per environ-
ment was approximately 3 s. Ten grams of permethrin/ha
(formulation A) was applied in the zone E.

The applications were performed during the peak of
mosquito flight activity (i.e. before dawn or after sunset).
The sprays were performed on February 10, 2011.

Monitoring A. aegypti populations

Population levels of A. aegypti larvae were determined by
visual observation using larval sampling following PAHO
(1994). The Breteau index (BI; defined as the number of
containers with larvae per 100 inspected houses) was calcu-
lated as estimates of vector abundance. Entomological studies
were conducted in the city for 10 weeks from January 4 to
March 10, 2011.

Each selected area contained a central zone (with approx-
imately 20 dwellings) where entomological studies were
conducted. BI was calculated weekly from 3 weeks prior
to insecticides applications until the population levels
returned to pre-treatment values.

The treatment and control areas were similar between of
them considering the kind with respect to dwelling type,
socio-economic and urban characteristics, vegetation and en-
tomological indexes, among others factors, relevant to
A. aegypti population dynamics and the application of insec-
ticide(s). To avoid the effect of mosquitoes migrating into the
areas of close neighbours and thereby escaping treatment, we
expanded the treatment area to include a buffer zone of ap-
proximately 1,000 m beyond the central area; alternatively, we
also noted the presence of natural barriers, such as rivers, open
spaces and dense areas of vegetation or forest.

Adult bioassays

The field bioassays were performed following the World
Health Organization’s protocols (Reiter and Nathan 2003;
WHO (World Health Organization) 2005) with minor mod-
ifications as described below.

We placed cylindrical (15 cm tall × 3 cm diameter)
screened sentinel cages built with 18-mesh nylon in each
central zone following Lucia et al. (2009). Ten to 12 h
before ULV application, ten adults (five female, five male)
aged 24–36 h and fed on raisins were transferred to each

cage. Four groups of ten cages were randomly assembled at
each area: groups 1, 2, 3 and 4 were hung outside of the
dwellings 3 and 6 m from the pulverisation line, at 1.5 m from
the floor. Five additional cages were placed in the control area
(without treatment). Screened cages were returned to the
laboratory 30 min after ULV application and kept at room
temperature. Hydration was provided, and adult mortality in
the treated cages was assessed at 2 and 24 h.

Larval bioassay

We followed the methodology of Reiter and Nathan (2003)
and later modified by Masuh et al. (2003) for bioassays. In
each central zone, five plastic 250 mL containers (7.5 cm
diameter) were placed alongside white plastic 20 L contain-
ers (29 cm diameter) containing tap water; each pair was
placed outside each selected house 5 m from the pulverisa-
tion line. On the day before ULV treatment, 15 late-third or
early-fourth instar A. aegypti larvae were placed in each type
of container and provided food.

Screened plastic 250 mL containers were returned to the
laboratory 30 min following ULVapplication and they were
inspected daily for 3 weeks to investigate the inhibition of
adult emergence.

The 20-L containers were covered with nylon gauze to
prevent either the escape of adults or the entrance of other
insects; containers were then held under field conditions under
a roof. Once a week, emerged adults and the surviving larvae
and pupae were removed from the treatment and control con-
tainers and placed with 100 mL water into new 250 mL con-
tainers. These containers were then evaluated in the laboratory
to assess adult emergence. Fifteen fresh late-third or early-
fourth instar A. aegypti larvaewere introduced into the contain-
ers. The water level in the containers was held constant for
water loss/evaporation. The entire process was repeated week-
ly until no inhibition effect on adult emergence was observed.

The experiment was terminated once no statistically sig-
nificant larvicidal effect was observed (i.e. no adult emer-
gence inhibition effect) between the treatment groups and
the untreated control.

Adult emergence inhibition (EI%) was adjusted for larval
or pupal mortalities in the corresponding controls according
to Mulla et al. (1974) and calculated as follows:

EI% ¼ 100� 100 T=Cð Þ
where T is the percent emergence in treated containers and C
is the percent emergence in control containers.

Statistical analysis

A one-way analysis of variance (ANOVA) was used to
analyse the effects of the different treatments and time on
larval, pupal and adult survival. The Kruskal–Wallis test and
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the Kruskal–Wallis multiple comparisons test were used to
test for differences among treatments. A multilevel Poisson
regression was conducted to test for the effects of treatment
and time on the number of dead larvae and pupae on the
proportion of larvae metamorphosing into pupae and adults
and on the proportion of dead adults. Analyses were per-
formed implemented with the program HLM 6 Hierarchical
Linear and Nonlinear Modeling (Scientific Software Interna-
tional; Raudenbush et al. 2000). A P value of <0.05 was
considered statistically significant.

Results and discussion

Most control measures implemented during dengue emergen-
ces were focused on the larvicidal activities in the oviposition
sites of A. aegypti and on the permethrin application by
ultralow volume spatial sprays (by cold fogger truck mount
ULV and portable aerosol generator ULV; Chadee 1985;
Perich et al. 2000; Lucia et al. 2009). Other efforts have used
temephos (an organophosphate insecticide) as a larvicide to
control the vector population (Brooks et al. 1966; Bang and
Pant 1972; Chadee 1984; Donalisio et al. 2002; Tawatsin et al.
2007). Recent studies have identified residual effects of this
insecticide (depending on formulation, application procedure
and experimental conditions) ranging between 1 and 6months
(Thavara et al. 2005; Pontes et al. 2005; Palomino et al. 2006;
Garelli et al. 2011).

One option under consideration is the use of B. thurin-
giensis var. israliensis (Bti) with the target A. aegypti to
reduce the vector population once established. Efforts often
fail because several conditions must be met to obtain con-
sistent results; these include continuity based on the residual
product, an application cycle of once every 2 or 3 months, a
high level (>90 %) of coverage, simultaneous removal of
breeding containers and temephos application in containers
of high productivity (e.g. car tires).

The advantages of combining adulticidal and larvicidal
active ingredients in spatial treatments were described by
Tidwell et al. (1994); in another study, Yap et al. (1997) used
a combination of Pesguard PS102 and B. thuringiensis var.
israliensis in an aqueous base to increase the larvicidal
effect of pyrethroid ULV formulations.

Here, we report on the efficacy of a combination larvi-
cidal–adulticidal product (permethrin and pyriproxyfen) by
ULV spatial sprays and fumigant canister formulations. Our
results may be useful for developing future vector control
programs and stopping the transmission of the dengue virus.

In 2009, during the largest epidemic recorded in recent
decades in the country, cases of DEN-1 were reported in 9
provinces; among them, Tucumán Province was one of the
most affected provinces (Dantur Juri 2009). Banda del Río
Salí is a city experiencing continuous growth. It is located in

the Cruz Alta Department and registered 103 cases during
the outbreak; the vector appears well established. The Na-
tional Coordination of Vector Control of Argentina has
documented larval and adult A. aegypti in many houses,
residing primarily inside dwellings: in walls, under beds
and behind furniture. In some houses, some mosquitoes of
the Culex genus were identified, which have no effect on the
development of A. aegypti larvae.

The effects of A, B and C formulations (based on 10 %
permethrin, 3 % pyriproxyfen plus 10 % permethrin and 1 %
permethrin plus 0.2 % pyriproxyfen) were compared among
four zones and among containers type (250 mL and 20 L
containers and adult cages).

Survival of larval A. aegypti in 250 mL containers among
treatments is illustrated in Fig. 1. There was a significant
treatment effect and a significant treatment × time interac-
tion (P<0.001) on larvae survival at 2 and 24 h after appli-
cation of the ULV formulation with 10 % permethrin using
the portable aerosol generator. No significant treatment effect
on pupal mortality was detected (P<0.432); a significant
effect of time was observed between 2 and 24 h following
insecticide application (P<0.001; Fig. 2).

There was no effect of either treatment or time on the
adult survival (P<0.786).

Among the 20-L containers, we observed a significant
effect of treatment and time on the number of dead larvae
(P<0.037). ULV treatment with 10 % permethrin using the
cold fogger truck mount ULV and ULV treatment with 15 %
permethrin plus 3 % pyriproxyfen using the cold fogger truck

Fig. 1 Larval A. aegypti survival (95 % CI) in 250 mL containers for
the areas treated considering treatment × time interaction in the field
essay carried out in Banda del Río Salí between January and March
2011. CI confidence interval
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mount ULV produced the most larval lethality (Fig. 3); most
larvae died after 2 weeks (Fig. 4). Accounting for the propor-
tion of dead pupae with respect to both treatment and time, we
observed no significant effects (P<0.862).

The proportion of larvae metamorphosing to pupae did
not differ significantly between treatments using the formu-
lations A, B and C (P<0.660). However, the proportion of
larvae metamorphosing to pupae varied significantly with
time (P<0.001); the majority of the larvae became pupae
(i.e. metamorphosed to the next stage) after 2 weeks (Fig. 5).

The proportion of larvae metamorphosing into adulthood
did not vary by treatment (P<0.320); however, the propor-
tion did vary significantly with time (P<0.001), with adults
appearing after 2 weeks (Fig. 6). The proportion of larvae
that metamorphosed into subsequently dying adults varied
with time, with the majority dying within the first 5 days of
adulthood (P<0.001; Fig. 7); however, this proportion did
not vary with treatment (P<0.720).

Fig. 2 Pupal A. aegypti survival (95 % CI) in 250 mL containers for
the areas treated considering the time in the field essay carried out in
Banda del Río Salí between January and March 2011. CI confidence
interval

Fig. 3 Number of dead larvae (95 % CI) in 20 L containers consider-
ing the treatment in the field trial carried out in Banda del Río Salí
between January and March 2011. CI confidence interval

Fig. 4 Number of dead larvae (95 % CI) in 20 L containers consider-
ing the time in the field trial carried out in Banda del Río Salí between
January and March 2011. CI confidence interval

Fig. 5 Proportion of larvae metamorphosing to pupae (95 % CI) in
20 L containers considering the time in the field trial carried out in
Banda del Río Salí between January and March 2011. CI confidence
interval
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In all treatments, adult A. aegypti did not differ between 2
and 24 h after the applications; moreover, there were no
significant differences in adult mortality between cages ex-
posed at 3 m (exterior of dwellings) and those exposed at
6 m (inside dwellings) from the ULV spraying application
line. However, we observed a significant effect of treatment
on adult mortality: ULV treatment with 10 % permethrin

using portable aerosol generator significantly increased
adult mortality (P<0.001; Fig. 8).

We found that the control group do not allowed finding
significant differences between the effects of the different
treatment on the adult survival into the analysis. We there-
fore removed it from analysis; as result, there was more than
one significant effect on the adult survival: in addition to
ULV treatment with 10 % permethrin using portable aerosol
generator, there was also a significant effect of ULV treat-
ment with 15 % permethrin plus 3 % pyriproxyfen using
cold fogger truck mount ULV (P<0.001; Fig. 9).

Among treatments, there was a significant difference
between the ULV treatment with 10 % permethrin using
cold fogger truck mount ULV (G1) and the ULV treatment
with 15 % permethrin plus 3 % pyriproxyfen using cold
fogger truck mount ULV (G4) on adult mortality (P<0.006).
Similarly, effects on adult mortality differed between the
ULV treatment with 10 % permethrin using cold fogger
truck mount ULV (G1) and the ULV treatment with 10 %
permethrin using portable aerosol generator (G5; P<0.001),
between the combination larvicidal-adulticidal (1 % per-
methrin plus 0.2 % pyriproxyfen) product applied using
the fumigant canister (G2) and the ULV treatment with
10 % permethrin using the portable aerosol generator (G5;
P<0.001) and between the ULV treatment with 15 % per-
methrin plus 3 % pyriproxyfen using the cold fogger truck
mount ULV (G4) and the ULV treatment with 10 % per-
methrin using the portable aerosol generator (G5; P<0.001).

As reported by Lucia et al. (2009) to Wanda (Misiones),
the adulticide effect did not differ significantly between 2
and 24 h: the result was immediate and did not change after
24 h. Adults exposed in the treatment cages did not exhibit

Fig. 6 Proportion of larvae metamorphosing into adulthood (95 % CI)
in 20 L containers considering the time in the field trial carried out in
Banda del Río Salí between January and March 2011. CI confidence
interval

Fig. 7 Proportion of larvae that metamorphosed into dying adults
(95 % CI) in 20 L containers according to the time in the field trial
carried out in Banda del Río Salí between January and March 2011. CI:
Confidence Interval

Fig. 8 Median number of adult A. aegypti mortality (95 % CI) in 20 L
containers considering the treatment in the field trial carried out in
Banda del Río Salí between January and March 2011. CI confidence
interval
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any posterior mortality. This finding conflicts with the rec-
ommendations of the WHO (Reiter and Nathan 2003),
which have suggested transferring adults from treatment to
maintenance cages in order to place additional, mortal stress
on mosquito adults.

With respect to the percent of adult emergence inhibition
(EI%) in 250 mL containers, we observed both treatment
and time effects. EI% values in containers from areas treated
with formulation A applied with the cold fogger truck
mount ULV and the portable aerosol generator were rela-
tively low (3 % and 33 %, respectively) at 2 h but increased
by 24 h, reaching 40 % and 60 %, respectively. The area
treated with 10 % permethrin plus 3 % pyriproxyfen using
the cold fogger truck mount ULV showed 100 % inhibition
at 2 h, later decreasing to 56 % at 24 h. In contrast, there was
almost no effect of the fumigant canister with 1 % permeth-
rin and 0.2 % pyriproxyfen at 2 h; EI% increased over time,
reaching 35 % at 24 h.

Within 20 L containers, adult emergence inhibition (EI%)
differed among areas. In areas treated with formulation A
using the cold fogger truck mount ULV and the portable
aerosol generator, EI% values were 38 % and 18 %, respec-
tively. The values decreased between day 14 and day 21,
approaching zero by day 28. The effect of 10 % permethrin
plus 3 % pyriproxyfen (formulation B) using cold fogger
truck mount ULV was found to be lower than 10 % of
inhibition, increasing at day 14 to 20 % but then approach-
ing zero by day 21. The effect of the fumigant canister with
1 % permethrin plus 0.2 % pyriproxyfen (formulation C)
was very low (4 %) from the outset and decreased over the
following weeks to near zero.

In the present study, the larvicidal effect (measured as the
inhibition of adult emergence) appeared to vary with the size
of the container. In the 250-mL containers, inhibition values
were relatively low (3 % and 33 %) within the area treated
with formulation A at 2 h, but they increased over time,
reaching 40 % and 60 % at 24 h. In the area treated with
formulation B, inhibition was near 100 %, decreasing later to
56% by 24 h indicating a promissory effect of IGR. The effect
of formulation C was near zero by 2 h but increased to 35 %
by 24 h. Within the 20 L containers, EI% using formulation A
never exceeded 38 % and by day 28 was near zero. Formula-
tion B produced lower than 10% of inhibition, increasing after
14 days to 20 % but decreasing to almost zero by day 21. The
effect of formulation C was initially very low (4 %) and
decreased over the following weeks to near zero.

In summary, comparing 250 mL and 20 L containers, we
found that the container size influenced the insecticide dilu-
tion, which possibly affected EI%. Therefore, spatial ULV
treatments with permethrin as well as with permethrin plus
pyriproxyfen, and fumigant canister with permethrin plus
pyriproxyfen, might perform well in 250 mL containers.

In contrast, Lucia et al. (2009) found that the 250-mL and
20-L containers used for larvicidal treatments had no dilut-
ing effect on the insecticide, and it could have affected EI%.
To these authors, spatial ULV treatments with permethrin
plus pyriproxyfen might perform well over a wide range of
containers.

The presence and abundance of immature of A. aegypti
individuals at treated and control areas was calculated by
larval index, Breteau index (BI). Before insecticide applica-
tion, BI values exceeded 44 in all areas, ranging from 170 to
44. As also reported by Lucia et al. (2009), post-treatment
values from the control area were higher than pre-treatment
values, approaching 150.

To evaluate insecticide impact, BI was measured until
pre-treatment values were re-established. In areas treated
with formulation A, 2 weeks elapsed before pre-treatment
levels were reached; the lowest BI value (50) was stable for
1 week after application. For the area treated with formula-
tion B, approximately 3 weeks elapsed before restoration of
pre-treatment levels; the lowest BI value (72) was observed
for 1 week following application. For formulation C, the
lowest BI value (11) remained constant for 1 week after
application; by week 2, the BI value reached a high of 118.

In summary, the lowest BI value was observed in the area
treated with formulation C, followed by the areas treated
with formulations A and B. Lastly, after the treatment with
formulations A and C, 2 weeks elapsed before the original
index values were restored. In contrast, for formulation B,
3 weeks elapsed before the pre-treatment value was restored,
suggesting relatively higher performance; a similar result
was reported by Lucia et al. (2009) in the north-eastern
region of Argentina.

Fig. 9 Median number of adult A. aegypti mortality (95 % CI) in 20 L
containers, without control group, considering the treatment in the field
trial carried out in Banda del Río Salí between January and March
2011. CI confidence interval
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Conclusion

Dengue is an important public health concern affecting
millions of people living in dengue-endemic countries. To
effectively control the disease, early detection by national
agencies is necessary. Early detection can not only prevent
outbreaks but also help manage A. aegypti population levels.
Vector control is an essential tool of dengue national control
programmes. During an epidemic, ULV spraying with adul-
ticides is used to prevent transmission. This treatment is not
enough for controlling the adult mosquito population living
indoor dwellings as well as the larval population living
inside and/or outside dwellings (Yap et al. 1997; Perich et
al. 2001; Mani et al. 2005). An alternative approach is to use
larvicides in containers, but this method has generally en-
couraged increases in the diversity and multiplicity of larval
habitats. Encouraging community participation in the domi-
ciliary control of containers housing A. aegypti larvae is
challenging because it requires behavioural modification
and the re-organisation of human environments, which is
often resisted. To succeed, disease control efforts require the
participation of national institutions with capable personnel
that can conduct clean-up campaigns and chemical treat-
ments. In addition, the collaboration of educational institu-
tions, with meetings, talks and interactive symposia, is
needed. Our results show that larval A. aegypti survivorship
in 250 mL containers were influenced by the treatment x
time interaction after the application of 10 % permethrin
using the portable aerosol generator ULV. There were effects
of the treatment and time on larval survivorship in 20 L
containers. The 10 % permethrin and 10 % permethrin plus
3 % pyriproxyfen formulations using the cold fogger truck
mount ULV resulted in the greatest numbers of dead larvae.
Adult A. aegypti mortality differ significantly considering the
treatments with 10 % permethrin applied with cold fogger
truck mount ULVand by using the portable aerosol generator.
The Breteau index (BI) of areas treated with permethrin re-
quired approximately 2 weeks to return to pre-treatment lev-
els. In the area treated with formulation B, approximately
3 weeks elapsed before the return to pre-treatment levels; for
formulation C, the lowest BI value remained stable for 1 week
after application, increasing to the high value by week 2. In
summary, the lowest BI value obtained 1 week post-treatment
was observed in the area treated with the permethrin plus
pyriproxyfen formulation delivered as fumigant canister prod-
uct, the next lowest values were observed in the areas treated
with permethrin and permethrin plus pyriproxyfen. After
treatment, the BI values of areas treated with permethrin and
the fumigant canister formulations took 2 weeks to return to
pre-treatment levels. In contrast, the BI values of the area
treated with permethrin plus pyriproxyfen took 3 weeks to
recover, indicating better performance of this formulation.
These results indicate that this latter product provides better

control of A. aegypti and suggest that this new formulation
could be a new successful alternative for controlling dengue
vector populations.
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