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Dengue and dengue hemorrhagic fever, vector-borne diseases transmitted by the mosquito Aedes aegypti,
are presently important public health problems in Brazil. As the strategy for disease control is based on vector
control through the use of insecticides, the development of resistance is a threat to programs efficacy. The
objective of this study was to compare the Aedes aegypti susceptibility in nine vector populations from the state
of São Paulo and seven from Northeast region of Brazil, since there was a difference on group of insecticide
used between the areas. Bioassays with larvae and adult were performed according to the World Health Orga-
nization methods.The results showed higher resistance levels to organophosphates group in populations from
the Northeast region where this group was used for both larvae and adult control than in São Paulo where
organophosphates were used for larvae and pyretroids for adult control. Resistance to pyretroids in adults was
widespread in São Paulo after ten years of use of cypermethrin while in vector populations from the Northeast
region it was punctual. The difference in resistance profile between the areas is in accordance to the group of
insecticide used.
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Since their inception in the 1980s, Brazilian Dengue
Control Programs have proposed integrated vector con-
trol, with sanitation measures, source reduction, com-
munity education and participation (Funasa 1994, 1996).
However, control activities have almost all been centered
on chemical control by applying insecticides to elimi-
nate larvae and adults. In 1995, a wider approach to the
problem was attempted with the national plan for eradi-
cation of Aedes aegypti. It proposed environmental sani-
tation activities, communication and social mobilization
and direct combat against the vector (Sucen 1997, 2002).
Among all proposed activities, the one that was exten-
sively implanted was the introduction of municipal teams
for house-by-house vector control with chemical larvicide.

For adult control, evidence of dengue transmission trig-
gered space spraying activities. With the introduction of
the Brazilian eradication plan in 1997/1998, there was an
increase in insecticide use especially in two regions where
dengue incidence was higher: the Southeast, including the
state of São Paulo (SP), and the Northeast regions.

Chemical control effectiveness is threatened by the
development of resistance to insecticides as seen in lit-

erature for Ae. aegypti (Georghiou et al. 1987, Rawlins
1998, Wirth & Georghiou 1999, Lima et al. 2003).

Since the 1980s all Brazilian states have adopted the
routine use of an organophosphate larvicide (1%
temephos in sand granules) (Funasa 1994, 2001, Sucen
1997). Thermal fog and cold aerosols have been used
since 1985 for space spraying using malathion until
1999. In SP focal treatment with temephos started in
1985 along with residual treatment with fenitrothion,
another organophosphate insecticide. The history of in-
secticide use in other Brazilian states was similar to SP
except for the choice of adulticides. While SP introduced
cypermethrin in 1989, the others used malathion and
fenitrothion until 1999. Thus there was a 10-year dif-
ference in the introduction of pyretroids for adult con-
trol between SP and the other states. The choice for
pyretroids for adult control in SP was based on environ-
mental concerns which led to the option for the least
toxic class of insecticide.

Considering the difference in selection pressure for
resistance, susceptibility levels were evaluated for Ae.
aegypti populations in SP and states in the Northeast of
the country. The opportunity of studying the impact of
using different insecticide groups on population suscep-
tibility can help understanding its role in resistance de-
velopment and it may also support the choice of product
use to improve vector control effectiveness.

MATERIALS AND METHODS

Sampling Ae. aegypti populations for susceptibility
evaluation - Ae. aegypti populations were sampled in
counties which integrate the Brazilian National Suscep-
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tibility Monitoring Program and sampling methodolo-
gies are described in Lima et al. (2003, 2006) and
Macoris et al. (2003). Nine counties from SP were
sampled: Araçatuba, Bauru, Barretos, Campinas, Marília,
Presidente Prudente, Ribeirão Preto, São José do Rio
Preto, and Santos. To represent areas where insecticide
use was different from SP, seven populations were
sampled from the states of Alagoas (Arapiraca and
Maceió), Pernambuco (Recife and Jaboatão dos
Guararapes), and Sergipe (Aracaju, Barra dos Coqueiros,
and Itabaiana). All field sampling was performed in the
second semester of 1999 by collecting eggs in ovitraps
as described by Reiter (1991).

Bioassays for susceptibility evaluation - Larvae were
evaluated for their susceptibility to temephos and
fenitrothion and adults for malathion, cypermethrin, and
permethrin. Bioassays were performed according to
World Health Organization (WHO) guidelines (WHO
1981a,b,c,d). Larvae susceptibility was evaluated by es-
timating resistance ratio (RR). Larvae were exposed
to a range of eight solution concentrations. Results were
expressed in number of dead specimens per dose, and
were statistically analyzed using the Polo-PC software
(Lenora Software 1987) to estimate 50% and 95% le-
thal concentrations (LC50 and LC95), and their respec-
tive 95% confidence intervals calculated by the method
of Robertson and Preisler (1992). Three complete tests
were performed for each insecticide and each mosquito
population. There were four replications of 20 larvae per
dose. RR were calculated based on LC50 and LC95 esti-
mated for the Rockefeller susceptible reference strain,
gently provided by the Centers of Disease Control of
Puerto Rico. Population comparisons were made by ana-
lyzing RR at LC95. Adult mosquitoes were evaluated by
population response to WHO diagnostic dose proposals
for malathion (0.8%/1 h) and permethrin (0.25%/1 h)
(WHO 1992) using impregnated paper. The impregnated
paper was gently provided by the Brazilian Ministry of
Health and purchased at the WHO in Geneva. As there is
no standardized dose for cypermethrin, the adopted dose
(0.1%/1 h) which was used by the Instituto Pedro Khouri
in Havana, Cuba (Dr Bisset personal communication).
Four tests with 100 females in each were exposed to
impregnated paper of insecticides and 50 as control,
using four and two replicates, respectively. The criteria
of interpretation was the one proposed by Davidson and
Zahar (1973), and modified by WHO (1998) classifying
as �susceptible� insects presenting 98�100% mortality
and �resistant� to mortality as below 80%. An interme-
diate level would be insects with 80�97% mortality
which corresponds to resistance strongly suspected.

Cluster analysis is an exploratory data analysis tool
for solving classification problems by sorting cases into
groups, or clusters, so that the degree of association is
strong between members of the same cluster and weak
between members of different clusters. Each cluster thus
describes, in terms of the data collected, the class to
which its members belong. The analysis was made using
average linkage between groups for larvae RR and adult
average mortality percentages to detect natural data

groupings, and the distance of field populations from
Rockefeller susceptible strain. Cluster analysis was made
with SPSS® for Windows.

RESULTS

Susceptibility of Ae. aegypti larvae to organophos-
phate insecticides - The LC50 and 95% estimated were,
respectively, for temephos (2.3 and 3.4 µg/l) and
fenitrothion (2.1 and 3.8 µg/l). In general, the Northeast
region populations presented higher RR (between 2.4
and 8.5) than those from SP (between 1.2 and 3.2) as
shown in Table I. Comparing different larval populations
by cluster analysis allows classification by distance from
susceptible strain and characterization of groups with
similar susceptibility levels. Fig. 1 shows a dendogram
built with data from the RR 95 estimated for the two
organophosphates used in the larval control routine
(temephos and fenitrothion).

The populations that were grouped close to suscep-
tible Rockefeller came from SP: Bauru, Presidente
Prudente, and Marília, with RR below 2. The second
group was also composed of only SP populations with
RR between 2 and 3. The most distant group from the
susceptible strain was formed by populations from coun-
ties in Northeast Brazil, where RR were over 3 and only
one from SP (Santos), which exhibited the highest re-
sistance level to organophosphates in this state. The most
distant population, from Northeast, was Itabaiana, with
RR of 8.5 to temephos.

Susceptibility of adult Ae. aegypti populations to
organophosphates and pyretroids -  Results of bioas-
says with adults are in Table II. Almost all SP popula-
tions were resistant to the two pyretroids insecticides
(mortality below 70%) according to Davidson and Zahar's
(1973) criteria, except for Campinas and Marília popu-
lations which presented an average mortality of 88% for
cypermethrin. Northeast region populations were more
susceptible to pyretroids, except for Itabaiana (permethrin)
and Recife (cypermethrin and permethrin). However, no
population presented mortality rate above 98%, which
would have classified them as susceptible. For organo-
phosphate malathion, the populations with 98% mortal-
ity were from SP (Bauru, Barretos, Marília, and
Presidente Prudente). A lower susceptibility level was
observed for the Northeast populations: three popula-
tions were classified as resistant (Aracaju, Itabaiana, and
Recife). In SP, the Ae. aegypti populations from
Araçatuba and Santos were considered resistant to
malathion. Fig. 2 shows results of cluster analysis with
data of percentage of mortality for adults with the orga-
nophosphate malathion. Fig. 3 shows the cluster analy-
sis for bioassay results with the two pyretroids on adult
mosquitoes. It can be observed that field populations
grouped with the susceptible Rockefeller strain came
from Northeast (Barra dos Coqueiros, Maceió,
Arapiraca, Aracaju, and Jaboatão of Guararapes) where
pyretroids had not been introduced until the moment that
the field populations were collected, while populations
from SP, where cypermethrin had been used for 10 years,
were more distant.
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Fig. 1: dendrogram from resistance ratio cluster analysis of Aedes aegypti
populations for temephos and fenitrothion.

Fig. 2: dendrogram from mortality percentage cluster analysis of Aedes
aegypti populations to malathion.

Fig. 3: dendrogram from mortality percentage cluster analysis of Aedes
aegypti populations to pyretroids permethrin and cypermethrin.

DISCUSSION

Evaluation of Ae. aegypti larvae susceptibility to
organophosphate insecticides -  The most susceptible
populations to temephos were Bauru, Marília, and
Presidente Prudente, all from SP. Those populations have
been presenting that susceptibility level since 1998
(Macoris et al. 1999). Populations from the Northeast
region of Brazil presented higher levels of resistance
than what was observed in SP. Several colleagues have
reported resistance of Ae. aegypti to temephos in many
states of Brazil like Espírito Santo (Lima et al. 2003),
Rio de Janeiro (Braga et al. 2004). Also from the North-
east region, resistance to temephos seems to be persis-
tent as it was detected more recently in the state of
Paraíba with RR (LC90) higher than 10 in three out of
six counties (Beserra et al. 2007), and in Ceará (Lima et
al. 2006). Santos, the only SP population grouped with
populations from the Northeast region, is the city with
the highest dengue incidence in the state, which means
it has been under high selection pressure through intense
use of insecticide. Also, in Santos there is the biggest
port in the country, and genetic characterization of Ae.
aegypti showed that this population might have a dis-
tinct origin from other populations from SP (Santos
2003, Bracco et al. 2007). In this sense the resistance
observed in Ae. aegypti from Santos could be a conse-
quence from intense insecticide use (in epidemics or
vector control in the port area). Besides, it may also be
inferred that founder populations during reintroducing
events through the port of Santos had high insecticide
resistance levels. Although resistance levels in the North-
east region are not as high as those in the Caribbean
(Rawlins 1998), it is fundamental to check product effi-
cacy under field conditions. Another aspect which con-
cerns about resistance to temephos is the possibility of
development of cross resistance. In Cuba, cross resis-
tance to pyretroids induced by selection with temephos
in Ae. aegypti has been registered, possibly associated
with cytocrome P450 monooxygenase and glutathion-
s-transferase as indicated by synergists studies
(Rodriguez et al. 2002). Another study in laboratory with
induction of resistance to temephos in Ae. aegypti
showed cross resistance to deltamethrirn (Wirth &
Georghiou 1999). As deltamethrin is one choice for
adulticide insecticide, the possibility of cross resistance
could limit its indication for the regions with resistance
to temephos.

Evaluation of Ae. aegypti adult susceptibility to
organophosphates and pyretroids - Almost all SP popu-
lations were resistant to pyretroid insecticides
(cypermethrin and permethrin) after ten years of use.
The distance from the susceptible reference strain was
proportional to intensity of dengue transmission in the
counties where the Ae. aegypti populations were col-
lected, which indirectly reflects insecticide use inten-
sity (Fig. 2). Populations that were grouped further than
the Rockefeller susceptible strain were the ones where
Dengue incidence was higher in SP, at this order: Santos,
São José do Rio Preto, Ribeirão Preto, Barretos, and
Araçatuba. At an intermediate distance were grouped the
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populations from the cities where dengue incidence was
low: Marilia, Campinas, Bauru, and Presidente Prudente.
Northeast region populations still presented high sus-
ceptibility levels to this group with the exception of
Recife, Jaboatão of Guararapes (Pernambuco), and
Itabaiana (Sergipe). As these populations had high resis-
tance levels to temephos, the lower susceptibility to
pyretroids could be due to the phenomenon of cross re-
sistance as described by Wirth and Georghiou (1999).
The low resistance levels to pyretroids in SP led to man-
agement efforts with the substitution of that group by
malathion in 2001. Affter the introduction of pyretroids
in the routine of Ae. aegypti control in the other Brazil-
ian states in 1999, the evolution of resistance to this
group was detected in 2003 in Rio de Janeiro (Pereira-
da-Cunha et al. 2005), and Paraná (Luna et al. 2004),
indicating that alterations on susceptibility to this class
of insecticide develops rather quickly.

Susceptibility to malathion (organophosphate) was
much higher in Ae. aegypti populations from SP (grouped
with Rockefeller in Fig. 2) than in those from Northeast
region, which presented lower mortality levels and
samples were grouped further from Rockefeller. The
Araçatuba and Santos populations from SP however, had
the largest distance from the susceptible population (low-
est mortality), and were grouped with the Northeast re-
gion populations (Recife and Itabaiana). In Araçatuba and
Santos, unlike the other counties in SP, malathion and
fenitrothion were used for adult control. In Araçatuba
malathion was used for controlling dengue transmission

in 1986-1987, while fenitrothion and malathion were
used in the harbor area for foci control in Santos.

Influence of the history of insecticide use on Ae.
aegypti susceptibility - In SP, where organophosphates
were used for larvae and pyretroids for adult control,
selection pressure after ten years produced high resis-
tance levels to pyretroids in adults and low levels of re-
sistance to organophosphates in larvae. In Northeast re-
gion, where organophosphate insecticides were used
over a long period for both larvae and adult control, with
pyretroids only being introduced for adult control in
1999, there were higher resistance levels to organophos-
phates in both larvae and adults, and higher susceptibil-
ity to pyretroids in adults by the time of the introduction
of this group. The strategy of dengue control with chemi-
cals is threatened by the presence of populations resis-
tant to the insecticides used in Brazil. This should be
considered in dengue prevention planning and emphasis
should be given to integrated control activities, with in-
secticide use limited to emergency situations.
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TABLE II
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