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Suscetibilidade de formas imaturas de Aedes aegypti (L.) (Diptera: Culicidae) a ivermectina

RESUMO - O combate ao mosquito transmissor do dengue, Aedes aegypti (L.), tem sido um dos
principais meios de se evitar epidemias dessa doenca e para alcangar esse objetivo, o uso de larvicidas
tem aumentado consideravelmente. Atualmente o larvicida mais utilizado pelos programas de saude
governamentais no Brasil ¢ o temephos, entretanto, ja existem registros de populacdes de 4. aegypti
resistentes a esse farmaco, destacando-se a necessidade de se pesquisar novos inseticidas. A ivermectina
¢ uma droga antiparasitica muito utilizada na pecuaria no combate a nematoides e artropodes por
apresentar baixa toxicidade a vertebrados, quando aplicada em pequenas doses. Considerando sua
eficiéncia no controle de alguns artropodes, o objetivo desse trabalho foi testar o efeito deste farmaco
em larvas de 3° e 4° instares de A. aegypti. As larvas foram expostas a ivermectina durante 5, 15, 30,
60 e 1440 minutos, nas concentragdes de 1, 5 e 10 ppm de solucgdo de ivermectina. Foi feita observagao
24 horas apos o contato do inseto com a droga e observada a taxa de mortalidade. Observou-se uma
correlagdo positiva entre a concentragdo de ivermectina e a taxa mortalidade das larvas, independente
do tempo em que estas ficaram em contato com a droga. Através da analise dos resultados obtidos,
pode-se concluir que o aumento da dose de ivermectina aumenta a mortalidade das larvas de A. aegypti,
demonstrando assim, a eficacia do farmaco utilizado.
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ABSTRACT - Several mosquito populations have already exhibited resistance to various insecticides,
a situation that imposes many problems in vector control programs in many countries. Several
studies have recently reported a decrease in the persistence of temephos, the main larvicide used to
control Aedes aegypti in Brazil, suggesting that mosquito populations have acquired resistance to this
organophosphate in several states. Dengue is one of the most important arthropod-borne diseases in
the world and in Brazil thousands of dengue cases are notified annualy. In order to verify the effects
of ivermectin, a semi-synthetic drug widely used for treatment of livestock parisitic diseases, on Aedes
aegypti larvae of 3% and 4" instar, the insects were submitted to concentrations of 1, 5 and 10 ppm of
ivermectin solution during 5, 15, 10, 60 and 1440 minutes. After 24 hours of observations, mortality
rates were scored. Loss of mobility, progressive paralysis and high mortality of larvae were recorded.
Observations suggest that few minutes of contact with the insect is sufficient to cause intoxication.
Increases in ivermectin concentration cause a progressive mortality in A. aegypti larvae. The values
presented in the present study indicate that chemical treatment using ivermectin may be an alternative
to the use of ivermectin in dengue control programs.
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Dengue is the most important arthropod-borne viral
disease of public health significance. Today, the geographic
distribution includes more than 100 countries worldwide.
The World Health Organization (WHO 1981) estimates that
more than 2.5 billion people are at risk of dengue infection.
Half the world’s population lives in countries endemic for
dengue, underscoring the urgency to find solutions for dengue
control (Guha-Sapir & Schimmer 2005). Since 1986 when
dengue fever was introduced to Brazil, the disease has been
detected every year (Ministério da Satde 2007). During the
90’s thousands of cases of dengue were recorded per year.
The last epidemic peak occurred in 2002 when a new virus
DEN-3 was found and 794,219 cases were notified mainly
in the state of Rio de Janeiro. In 2006, 345,922 cases were
notified mainly in southeastern and northeaster regions
with 76 death cases. In Brazil, most of the notifications for
dengue fever occur between January and March, a period of
high rainfall and high temperatures which provides suitable
conditions for the development of mosquito 4. aegypti
(Ministério da Satde 2007).

Since the initial producing of DDT at the beginning of
the 40’s a great number of synthetic pesticides have been
used for control of insect vectors of diseases. Development
associated with the environmental concern is one of the great
challenges for the new century. Since the last decades, efforts
have been directed to production of insecticides with low
toxicity for vertebrate species, low capacity of accumulation
in the environment and high specificity for enemy species.
Whereas the raising of resistance in several target species
have functioned as pressure in developing new effective
drugs. Several insecticides have been tested to control
mosquito populations in order to reduce the transmission
of many diseases by these insects. Organophosphates,
carbamates, pyrethroides and DDT are still frequently used
in Brazil for control of insects.

Mosquitoes A. aegypti have exhibited resistance to
various insecticides, a situation that imposes many problems
in vector control programs in many countries (Lima et al.
2003). In Brazil, public health programs have used mostly
organophosphates in the control of 4. aegypti, however, this
procedure has not prevented the appearance of several dengue
epidemics (Pontes & Ruffino-Netto 1994). Also, several
studies have recently reported a decrease in the persistence
of temephos, the main larvicide used to control A. aegypti in
Brazil, suggesting that mosquito populations have developed
resistance to this organophosphate in several states (Carvalho
et al. 2004)

Ivermectin is a group of macrocyclical lactones, derived
from 22,23-dihydro avermectin B1, with low water solubility
that is produced by Streptomyces avermitilis, being largely
used as anti-parasitic in the domestic animals (Benz ef al.
1989). Previous studies have shown that the avermectins
are lethal for immature and adult stages of some insect
orders and highly efficient for the control of larvae of Aedes,
Anopheles and Culex (Freitas et al. 1996, Alves et al. 2004)
when exposed to low concentrations of ivermectin. It is not
necessary its ingestion, because the contact with the same is
effective in the majority of the cases (Strong 1993). The aim
of'this study is to assess the effects of different concentrations
of ivermectin on larval instars of 4. aegypti.
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Material and Methods

The study was conducted in the city of Coronel Fabriciano,
Minas Gerais state, Brazil, in June 2004. The municipality
is extended in an area of 221 km? with 103,724 inhabitants,
and has a historic in dengue notifications, with thousands
of people affected by the illness in the last years. The warm
temperature, high rainfall and the geographic position of
the city has created an ideal location for breeding sites of A.
aegypti populations assuring their survival for all the year.

Samples of A. aegypti were collected by using ovitraps
prepared with black plastic jars filled with hay infusion. The
number of ovitraps installed followed a norm established by
FUNASA (1999) and was based on the number of buildings
in each municipality (an indirect measure of the population
density): 60,000 buildings, 100 ovitraps; 60,000-120,000
buildings, 150 ovitraps; 120,000-500,000 buildings, 200
ovitraps; 500,000 buildings, 300 ovitraps. Field collection
of eggs was done from January to March 2004. After five
days exposed, the ovitraps were collected and taken to the
laboratory where the presence of eggs in each ovitrap was
then scored.

Positive ovitraps were immersed in dechlorinated water to
induce larval hatching. After 24 hours, larvae were transferred
to rectangular basins containing two liters of dechlorinated
water. Dog food was supplied daily to feed the larvae. Pupae
and emerged adults were transferred to plastic jars. Mosquito
identification followed the literature of Consoli & Oliveira
(1994). Only 4. aegypti mosquitoes were kept for bioassays.
These were transferred to square plastic cages (60 cm per
side) and fed on 10% solution of honey with distilled water
and later fed on anesthetized guinea pigs three days after
emergence of the adults. Three days after the blood meal, eggs
were collected for three days in small plastic cups containing
wet filter paper. Paper strips containing the eggs were then
allowed to dry in an insectary and served as the source of F1
mosquitoes for the bioassays.

Ivermectin resistance bioassays were performed with F1
larvae, according to the WHO recommended procedure and
parameters (WHO 1981). Groups of 3 and 4 instar of 4. aegypti
larvae were placed to 50 mL plastic recipients containing a
solution of Ivermectin 1% [(22,23-dihidroavermectin B1
(Ivomec®)] in different concentrations of 1, 5 and 10 ppm
during different times of exposition (5, 15, 30, 60 and 1440
minutes). Control groups were placed in recipients containing
just dechlorinated water. One hundred larvae were used for
each tested concentration of ivermectin, and 20 larvae for
each time of exposition and the control test. The bioassays
were repeated two times for each group.

After the exposure time, larvae were washed and
transferred to other plastic recipients containing dechlorinated
water. No food was offered to larvae during the experiment
time. The experiments were conducted by adapting WHO
methodology used to test insecticides in mosquito larvae
(WHO 1981). 4. aegypti larvae were examined in a
stereomicroscope 24 hours after starting the experiment.

Mortality was scored 24 hours after the beginning of the
test. In all cases, the resistance/susceptible status of mosquito
populations was evaluated according to WHO criteria (O. M.
S. 1976). Mortality greater than 98% indicates susceptibility,
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mortality less than 80% defines resistance, and mortality
between 80% and 98% is suggestive of an incipient altered
susceptibility, indicating the need for surveillance of the
corresponding population. All the analyses were carried
out using generalized linear modelling and Poisson errors
with log link, and were performed under “R” software (R
Development Core Team 2006) followed by residual analyses
to verify error distribution and the suitability of the models
employed, including checks for over-dispersion.

Results

The observations suggest a potent effect of ivermectin
on A. aegypti larvae even when these insects have a low
time of exposition to drug. The time by which the larvae
remained in contact with the drug showed no significance
when compared to mortality rates. The analyses have
shown that the time of exposition to ivermectin does not
affect the larvae mortality (F = 29.25; d.f. =1, 43; P <
0.0001) (Table 1). This fact emphasizes the powerful effect
of ivermectin and suggests that low times of exposition
are able to cause reasonable results. Observations show
that the concentration of ivermectin positively affects the
mortality of 4. aegypti larvae (F =29.25; d.f. =1,43; P <
0.0001) (Figure 1). Concentrations of drug above 5 ppm
increase the chance of mortality mainly for larvae exposed
to 30 minutes in contact with ivermectin. When larvae are
submitted to 1 ppm concentrations, mortality rates average
around 50%. When exposed to 10 ppm concentrations,
observed mortality rates are higher than 75% for all times
of contact with the drug.

Table 1. Number of dead larvae of Aedes aegypti when
submitted to different concentrations of ivermectin solution
(1, 5 and 10 ppm).
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Figure 1. Mortality of Aedes aegypti larvae when submitted
to 1 ppm, 5 ppm e 10 ppm of ivermectin ( F =29.25; df=
1,43; p<0.0001).

Discussion

For all concentrations tested during the experiment, the
A. aegypti larvae affected by ivermectin display ataxia and
progressive paralysis. Ivermectin also caused paralysis in
Culex quinquefasciatus larvae, as observed by Alves et al.
(2004). The high mortality rate found for larvae submitted
to ivermectin was in agreement with results found for Cx.
quinquefasciatus larvae (Alves et al. 2004), for Chrysomya
bezziana and Calliphora vomitoria (Strong 1993) who found
inhibition of pupation and adult development in exposed
to sub-lethal doses of ivermectin. Previous results have
proposed that the times of generation for mosquitoes exposed
to ivermectin have shortened about 1 day its development
from egg to adult, suggesting that the ivermectin exposure of
parental generation may cause a rapid development to avoid
the environment stress (Vianna ef al. 1996).

Ivermectin can bind to specific ion canals directly,

Ti . Concentration following a disturbance of the electric balance (Campbell
ime of exposure (min) rate . . . -
(ppm) 1985). However, action of the. ivermectin may .be associated
with neurotransmitter release in conjunction with the GABA
1140 60 30 15 5 antagonist, probably contributing for excitatory signals
of poisoning (Alves et al. 2004). In the present study, the
19 20 15 14 16 10 majority of the larvae of 4. aegypti exposed to concentrations
of 1, 5 and 10 ppm of ivermectin solution presented ataxia,
16 15 17 17 17 10 followed by death, suggesting binding of this insecticide
to the GABA with consequent lethal action for 4. aegypti,
13 18 15 18 17 10 which agreed with results obtained by Freitas et al. (1996)
I g 1 9 5 5 and Alves ef al. (2004) for Cx. quinquefasiatus. Even those
N. of larvae who did not die when exposed to low concentrations
dead 18 19 17 15 13 5 of ivermectin might lately suffer the consequences of drug
larvae which would be expressed at adult body.
10 16 17 14 14 5 Avermectins in soil and aquatic environments show
a rapid degradation which is accelerated by exposure to
13 5 4 4 8 1 sunlight, reducing half-lives to 0.5 days or less (Halley et
al. 1993). Although Freitas ef al. (1996) reported that when
15 15 13 11 10 1 kept in glass jar for at least one month under laboratory
conditions, at room temperature in absence of direct sunlight,
4 13 9 7 8 1 . . . . >
ivermectin solutions of 1, 5 and 10 ppm remained active
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against mosquito larvae.

The values presented in the present study indicate that
chemical treatment using ivermectin is viable. The results
confirm the need for preventive strategies and alternative
control methods that might diminish the selection of
resistance after the massive use of temephos in dengue
control programs. The constant use of pesticides worldwide
has brought a general tolerance for these chemicals and the
outcome of resistance. In Brazil several authors have reported
the appearing of resistance of A. aegypti to temephos, the
most used insecticide by health programs from municipalities
(Carvalho et al. 2004). Ivermectin rises as an alternative
for the future substitution of temephos in mosquito control
programs whereby it has shown effectiveness in killing A4.
aegypti and Cx. quinquefasciatus larvae under laboratory
conditions. Even some other drugs used by mosquito control
programs as cypermethrin has already shown signs of
resistance in Brazil (Luna et al. 2004), suggesting a need for
immediate replacement of these insecticides by some other
product of chemical or biological origin.
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