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Resistencia de Aedes aegypti (Diptera: Culicidae) a temefos en el estado de Parana, Brasil.

JONNY E. DUQUE L.!, ALLAN M. SILVA?, ELAINE C. S. FANTINATTI® and MARIO A. NAVARRO-SILVA*

Abstract: The number of dengue cases has increased drastically the state of Parana since 1995 without a consistent
explanation. In order to contribute to this subject, the susceptibility of 4. aegypti to the insecticide temephos was
evaluated in several municipalities in Parand, along with seasonal variation of oviposition of Aedes spp. in Maringa and
Jacarezinho. Comparison of mortality and resistance rates RR,s (CD = 0.0060 mg/L) of the Rockefeller temephos strain
(Rock) on individuals from these locales showed that vector populations from Foz do Iguagu (67.5 + 7.7; RRys= 3.9),
Paranavai (58.1 + 14; RR,,=3.4), Maringa (57.8 = 5.2; RR,s= 6.9), Ibipora (68.75 + 3.9; RRys= 6.6), and Jacarezinho
(73.3 £ 7.5; RRys = 3) were resistant; while those from Cambé (81.56 = 10; RRys= 2.6) had an incipient change in
susceptibility. The vector populations in Maringé and Ibipora displayed average resistances (RRos> 5 and < 10), while
the others showed low resistance (RRy5< 5). In Maringa and Jacarezinho, oviposition fluctuation was lower in winter.
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Resumen: El dengue se increment6 drasticamente desde 1995 en el Estado de Parana sin una explicacion consistente.
En un intento de contribuir con informacion a este problema, fue analizada la susceptibilidad de 4. aegypti al insecticida
temefos en varios municipios del Estado de Paran4, asi como la variacion estacional de la ovoposicion de Aedes spp.
en Maringd y Jacarezinho. La comparacion del porcentaje de mortalidad y tasa de resistencia RR,; de CD = 0,0060
mg/L a temefos de la cepa Rockefeller con los individuos de las localidades seleccionadas mostré como resistentes a
las poblaciones del vector de Foz de Iguazt (67,5 = 7,7; RRys = 3,9), Paranavai (58,1 + 14; RR,, = 3,4), Maringa (57,8
+5,2; RRys = 6,9), Ibipora (68,75 + 3,9; RR,s= 6,6) y Jacarezinho (73,3 £ 7,5; RR,; = 3) y una incipiente alteracion
de la susceptibilidad en la poblacion de Cambé (81,56 + 10; RRy; = 2,6). Las poblaciones del vector de Maringa e
Ibipora presentaron resistencia media (RRys > 5 e < 10) y las demas, baja resistencia (RRys < 5). En Maringa e Ibipora
la fluctuacion de ovoposicion fue menor en invierno.
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Introduction

The World Health Organization estimates that more than 96
million people are infected by dengue virus every year, 550
thousand of which are hospitalized and about 20 thousand
die as consequence of the disease (Funasa 2002; Guzman
et al. 2010; Bhatt ef al. 2013). In this context, Brazil has a
large portion of these cases due to its continental dimensions,
climate diversity and socio-environmental conditions
that hinder symmetrical procedures actually effective in
controlling the vector, Aedes aegypti (Linnaeus, 1762).

In Brazil, the 48.3% of all dengue cases occurs in the
main cities in the northeast region. The southeast region is
responsible for 37.2%, the Mid-West region 7.6%, the North
region, 5.7% and the South region 1.2% of the cases. Most
are reported during the hot months, occurring mainly in two
periods during the first semester: in the Southeast, Mid-
west and South regions during the first three months and
in the Northeast region during the following three months,
indicating an established seasonality (Camara et al. 2007).

Many strategies are applied to control the increment
of dengue cases in Brazil, ranging from environmental
management and community educational programs to
local vector control with chemical and biological products.

However, the main method applied to control populations
of A. aegypti is the application of the organophosphate
temephos with historical records since 1967 (Ministério da
Saude 1968).

The “status” of susceptibility to insecticides is
periodically evaluated in larval populations of A. aegypti
as indicated by the National Program for Dengue Control
(“Programa Nacional de Controle da Dengue”, PNCD) and
the National Network for the Resistance Monitoring of A.
aegypti to insecticides (“Rede Nacional de Monitoramento da
Resisténcia de 4. aegypti”, MoReNAa) (WHO 1992; Funasa
1999; Braga and Valle 2007). As a result of this insecticide
monitoring, different studies determined susceptibility and,
in some instances, warned of the appearance of resistant
individuals, as reported for the following Brazilian states:
Macoris et al. (1999), Campos and Andrade (2001) and
Macoris et al. (2003) in Sao Paulo, Lima et al. (2003) in Rio
de Janeiro, Braga et al. (2004) in Alagoas, Sergipe and Rio de
Janeiro, Carvalho et al. (2004) in the Federal District, Duque
et al. (2004) and Prophiro et al. (2011) in Parana, Lima et
al. (2006) and Lima et al. (2011) in Ceara and Beserra et al.
(2007) in Paraiba.

As advocated by MoReNAa, tests to detect loss of
susceptibility to temephos should be conducted preferably
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in strategic places, especially in sentinel-municipalities with
historical persistence of the disease. In the South region,
Parana is the single state with reported autochthonous cases
where three municipalities have a continuous history of
occurrences since 1995: Foz do Iguazu, Maringa e Londrina
(MS/ SVS 2005, 2007). However, there are no published
historical records regarding the susceptibility levels in other
municipalities with dengue cases.

An important aspect to be clarified is whether the
progressive increase in dengue cases in new areas of
the state of Parana is related to chemical resistance to the
insecticide temephos (Fig. 1). In this sense, it is necessary
to start with the establishment of historical records on the
susceptibility of temephos. In this way, could be addressed
new approaches of the ecological, genetic and operational
elements that contribute to understand at development
of resistance in this region (Georghiou and Taylor 1986;
Bisset 2002). Basically, it is necessary to initiate studies
to establish a baseline of the current status of resistance in
the State for further investigations and more precise studies
on its biological and evolutionary interrelations. To do so,
sampling must be extended to more strategic places, such
as localities close to national and international borders
and also increase the number of municipalities, including
areas with high commercial and tourist flow that connect
Parana to Mato Grosso do Sul, Sdo Paulo, Paraguay and
Argentina. Consequently, it is expected that the development
of resistance can be detected early in areas of occurrence of
dengue, allowing effective and economic decisions regarding
control procedures.

This study is intended to analyze the degree of
susceptibility to temephos of populations of Aedes aegypti in
Parana State and assess oviposition fluctuations of Aedes spp.
in different seasons in Maringa and Jacarezinho.

Material and methods

Sampling. In partnership with the “Secretaria Estadual de
Saude de Parana”, oviposition traps (ovitraps) were set up
with a 500 mL hay solution at 10% (Funasa 2002). In each
ovitrap, a “eucatex” palette was placed for the oviposition of
A. aegypti females in two ways: the first in a known period
of high egg-density (summer 2004-2005) to perform the
susceptibility tests and, the second, during 12 months for
the municipalities of Maringa and Jacarezinho, respectively
considered localities of high and low infestation of A.
aegypti. The last two localities were only selected in order to
determine oviposition fluctuation in localities with a different
history of dengue cases (Table 1).

Three or four ovitraps were placed randomly per area for 5
days inurban area peridomiciles (in residential neighborhoods
and downtown) of the following municipalities with
confirmed records of presence of dengue and/or Aedes spp.
(Secretaria Estadual de Saude): Curitiba, Paranagua, Foz
do Iguazu, Cascavel, Paranavai, Maringa, Ibipord, Cambé,
Santa Mariana, Jacarezinho and Guaira. In general, 25
ovitraps were distributed per locality, except Paranavai with
50 and Guaira with 30. This methodology of installation of
the ovitraps ensures higher diversity in populations of the
mosquitoes present in each sampling for analysis of resistance
(SISFAD - SESA/PR 2006). In Maringa and Jacarezinho,
where oviposition fluctuation was also analyzed, ovitraps
were placed for 12 months in the same conditions as the other
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Figure 1. The main epidemic waves of 2003 and 2007 in Parand, Brazil.

localities. The installation of the traps in these two localities
was recommended by the “Secretaria Estadual de Satde”
due to the high number of dengue cases in the region. It is
important to clarify that the PNCD’s criterion for installing
traps by number of homes was not rigorously followed due to
operational problems in the project. The eggs obtained in the
second set of traps were not distinguished at the species level;
which were meant to evaluate the oviposition activity of the
two species.

The ovitrap palettes with positive results were analyzed
at Laboratorio de Entomologia Médica e Veterinaria at
Universidade Federal do Parand (LEMV-UFPR). Eggs were
later quantified under a dissecting microscope, individually
placed in 770 mL cups of water with triturate cat food (Purina®
Cat Chow®™) (0.36 g/ cup) in order to induce hatching. The
palettes were removed after 24 hours of immersion, in order to
avoid decrease in water quality. The larvae were kept in these
cups with approximately 1g of food per day until they reached
the pupa stage and, in this phase, they were transferred to
cages for the separation of the adults and identified as for sex
and species in order to obtain strains of A. aegypti F, or F,
generations. Specimens of 4. (Stegomyia) albopictus (Skuse),
1894 obtained from positive palettes were not used for the
analysis of susceptibility to insecticides.

Bioassays. The insecticide temephos 90% technical grade
(lot 002/2005) was obtained from Fersol Mairinque Sao
Paulo. With the purpose of verifying the quality of temephos,
a calibration of the chemical product was carried out with
the susceptible reference lineage A. aegypti Rockefeller.
Bioassays followed the protocol recommended by the World
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Table 1. Localities and periods of oviposition trap installation for Aedes aegypti, Brazil.

Municipality
Geographic coordinates

Installation period

Approximate number  Number of ovitraps

Paranagua

25°31'12" S -48°30'32" O
Curitiba

25°25'47" S -49°16' 19" O
Cascavel

24°57'21" S -53°27' 18" O
Santa Mariana

23°09'03" S-50°31'08" O
Foz do Iguagu

25°32'52" S-54°35'16" O
Paranavai

23°04'22" S-52°27'54" O
Maringé *

23°25'30" S-51°56'20" O
Guaira

24°04'48" S-54°15'21" O
Cambe
23°16'33"S-51°16'40" O
Cambe

Ibipora

23°16'08" S-51°02'52" O
Ibipora

Jacarezinho*

24/1/2005 - 29/1/2005

24/1/2005 - 29/1/2005

31/1/2005 - 04/11/2005

24/1/2005 - 29/1/2005

18/11/2005 - 23/11/2005

02/V/2005 - 06/V/2005

21/11/2005 - 26/11/2005

18/VI11/2005 - 22/VI1/2005

07/X11/2005 - 11/X11/2005

15/X11/2006 - 19/X11/2006
15/X11/2006 - 19/X11/2006

15/X11/2006 - 19/X11/2006
18/1V/2006 - 22/1V/2006

of inhabitants # installed

147.934 25
1.797.408 25
294.385 25
12.553 25
309.113 25
79.222 50
329.800 25
27.668 30
98.788 25
98.788 25
47.316 25
47.316 25
38.714 25

23°09'39" S - 49° 58' 08" O

# IBGE 2006, * Municipalities where traps were installed during one year (April 2005 — March 2006).

Health Organization (1981) and the resistance-monitoring
program in Brazil (MoRenAa and PNCD).

A diagnostic concentration (DC) was applied to
qualitatively detect the presence of individuals resistant to
the DC 0.0060 mg/L (determined at our laboratory, LEM V-
UFPR), corresponding twices the CLgy (0.0030 mg/L) of the
Rockefeller strain (WHO 1981; 1992; Lima et al. 2003). As
a lower susceptibility by the free populations in comparison
to Rockefeller’s was identified, a series of multiple con-
centrations was performed as a quantitative analysis of
resistance. Eight concentrations of the insecticide, including
the diagnostic concentration, were established and used
in all experiments together with 100 larvae distributed in
four replicates per concentration, in addition to the control
treatment with ethanol. The tests were repeated four times
on different days and the experimental design was according
to Robertson and Preisler (1992). All tests were performed
concomitantly to the ones with Rock strain and under
controlled conditions of temperature (25 °C + 1), humidity
(70% =+ 10) and photoperiod (12:12).

Criteria and statistical analysis. Mortality responses
to diagnostic concentration over 98% were considered
susceptible; concentrations between 98-80% indicated
moderate resistance and below 80%, resistance (Davidson
and Zahar 1973). The resistance ratio (RR50 and RR95),

as a quantitative indicator, was calculated comparing lethal
concentrations (LC50, LC95) with Rock strain as follows:
LC50 and 95 of locality/LC50 and 95 of Rock strain.
Resistance levels are defined as low when lower than 5
times, medium when between 5 and 10, and high when
higher than 10 (Mazzari and Georghiou 1995). In this study,
we considered only RR 95 for the classification of resistance.
The software Probit GW-Basic (Finney 1971) was used to
determine the lethal concentrations LCs, o5, X? test, slope
and confidence interval (CI). In order to detect statistical
differences in oviposition and in the number of positive
ovitraps installed in the municipalities of Maringa and
Jacarezinho over a one-year period, a variance analysis for
data with normal distribution (ANOVA) was applied. When
significant differences were detected, a posteriori test Tukey
HSD (Honest significant difference) was applied.

Results

Oviposition traps installed for the susceptibility tests.
Of the 355 ovitraps collected in Parana, 160 were positive
for immature specimens with a total of 6298 eggs, where
Santa Mariana was the municipality with the highest ratio of
oviposition and Guaira, the lowest. In Curitiba no positive
ovitraps were detected. After eggs hatching, the species
obtained were A. aegypti and A. albopictus (Table 2).
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Table 2. Number of ovitraps, positivity index of the ovitrap (I.P.O.) and species in municipalities in Parana State,

Brazil.
paleI;toe csi/lll(;tc);lity “l:i?lllezggss Eggs (N) Average L.P.O. Species

Paranagua 10 517+ 14.7 51.7 40 A. albopictus
Cascavel 12 536+19.3 47.7 48 No eclosion

Santa Mariana 23 946 +29.8 41.1 92 No eclosion

Foz do Iguagu 14 777 +28.8 55.5 56 A. aegypti
Paranavai ** 14 399 +24.7 28.5 28 A. aegypti and A. albopictus
Maringé 18 476 £ 15.6 26.4 72 A. aegypti and A. albopictus
Guaira* 4 100+ 19 25 16 No eclosion

Cambe 14 775 +49 553 56 A. aegypti and A. albopictus
Cambe 14 277+ 13.8 19.7 56 A. aegypti and A. albopictus
Ibipora 15 792 +50.6 52.8 60 No eclosion

Ibipora 13 349 +25.6 26.8 52 A. aegypti
Jacarezinho 9 354 4+26.7 39.3 36 A. aegypti and A. albopictus

* =30, ** = 50 palettes installed +: Standard deviation, I.P.O.: number of positive palettes x total number of palettes /100.

Oviposition activity during one year in Maringa and
Jacarezinho. Maringa showed more positive palettes and
eggs (N palettes = 119, N eggs = 783 1) than Jacarezinho (N
palettes =113, N eggs = 4528), even though such values did
not yield significant statistical differences for either eggs
or positive ovitraps (F = 1.104, P = 0.304 and F = 0.03,
P = 0.857), respectively. However, when considering the
same variables in relation to the seasons (spring, summer,
fall and winter), significant differences were observed
(F = 448, P = 0.014). The Tukey HSD test confirmed
that oviposition activity between the two municipalities
decreased in winter (June, July and August), although the
presence of Aedes was reported during the whole period of
observation (Fig. 2).

Bioassays evaluating diagnostic concentration, multiple
concentrations and resistance rates. The comparison of
A. aegypti Rock with populations from the municipalities
evaluated showed that all those tested with DC (0.0060
mg/L) indicated resistance (Table 3). The resistance rates
determined from the curve of multiple concentrations
from all analyzed municipalities (RRys) confirms that the
populations in Maringa and Ibipora have medium resistance
and the remaining, low resistance. It was also observed that
the % test adjusts well to the Probit model and the slope of all
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analyzed localities were lower compared to the susceptible
strain (Rockefeller), confirming a difference in the response
to the insecticide (Table 4).

Discussion

The diagnostic concentration established in the laboratory
bioassays with A. aegypti Rock accused out that all localities
compared to that strain were less susceptible, indicating the
existence of a resistance process. However, variations in the
intensity of susceptibility were detected as follows: Foz do
Iguazu, Paranavai, Maringa, Ibipord and Jacarezinho as the
most resistant and Cambé with an incipient modification in
susceptibility, according to the criterion of Davidson and
Zahar (1973). This implies that the populations of 4. aegypti
from the sampled municipalities are under a distinguished
selection pressure, leading to varied degrees of susceptibility
when compared to a totally susceptible lineage (WHO 1992).
The criterion of Mazzari and Georghio (1995) indicate that
the analyzed municipalities may be considered of medium
and low resistance. These resistance rates compared to other
studies, such as in Rio de Janeiro by Lima et al. (2003), in
Alagoas, Sergipe and Rio de Janeiro by Braga et al. (2004),
in Ceara by Lima et al. (2006) and in Paraiba by Beserra
et al. (2007) are lower, but similar to values found in
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Figure 2. Number of positive palettes for Aedes spp. and the total number of eggs in the oviposition traps of Maringa (A) and Jacarezinho (B) from
April 2005 to March 2006. In Jacarezinho traps were not installed in January and March for operational issues. Parana, Brazil.
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Table 3. Mortality evaluation with the diagnostic
concentration of 0.0060 mg/L (calibrated with the
Rockefeller strain) in populations of Aedes aegypti
of seven municipalities in Parand State (Brazil) in
comparison to susceptible Rockefeller strain.

% Mortality

Municipality

0.0060 mg/L
Rockefeller 100°
Foz do Iguagu 67.5+7.7°
Paranavai 58.1+14°
Maringa 57.8+£5.2°
Ibipora 68.75+3.9°
Cambé 81.56 + 10°
Jacarezinho 73.3+7.5°

+: Standard deviation. Values followed by the same letter are not
significantly different (F = 15,68, P > 0.05 Tukey HSD).

municipalities in Sdo Paulo State by Campos and Andrade
(2001) and Macoris et al. (2003). Similarly, the RR values
found in the study conducted in Curitiba (Parana) by Duque
et al. (2004) are also considered to be low when compared
to the results found in this study. It is important to state that
due to the low resistance levels found in this study, it cannot
be determined whether the historical dengue epidemics in
Parana are linked to the resistance to temephos. However, a
change in insecticide should be considered as was indicated
for Montella ef al. (2007) when RR > 3.

The slope of all the localities analyzed was lower
compared to the susceptible strain (Rock), confirming a
difference in the response to the insecticide and showing a
loss of susceptibility as a consequence to the movement of
higher concentrations of insecticide in the wild strain. The
analysis indicates for Parana the need of a systematic review

of the traditional methods (insecticides) applied to the control
of A. aegypti populations in order to determine whether they
should be replaced by other chemical or biological products
as a preventive method against the resistance increase,
without compromising the vector’s control.

In southern Brazil (States of Parana, Santa Catarina and
Rio Grande do Sul), the number of reported cases of dengue
amounts to only 1.2% of the whole country. This is a direct
consequence of seasonal features which influence the vector’s
dynamics with a reduction in the natural population due to
the area presents low temperatures (Camara et al. 2007).
Such population reductions in the coldest periods lead to a
reduction in chemical control activities with a consequent
decrease in selective pressure, the opposite of localities with
higher temperatures, where resistance ratios are usually
higher.

On the other hand, considering the tropical characteristics
of northern Parand and the vector’s adaptive capabilities,
infestation ratios in this area could become similar to levels
in places where the vector persists. This would suggest an
augment of insecticide applications, consequently pushing
resistance ratios to higher levels.

In the ovitraps installed in Maringa and Jacarezinho from
April 2005 to March 2006, oviposition occurred practically
without interruption, even in the periods of low temperatures
reported during winter station. Thus, individual Aedes that
survive the cold season may continue the biological and
genetic processes that develop resistance. This fact permits
further investigation in order to confirm whether seasonality
truly influences resistance ratios.

In the future, a factor that may balance resistance
ratios in Parand with other States is gene flow, hereditary
factors connected to dispersion and interbreeding among
populations, as observed by Rawlins (1998). This must be
specifically evaluated with genes that provide insecticide
resistance in the South region. Even though some studies
suggest huge differences among populations of 4. aegypti

Table 4. Generation used in the tests (F), lethal concentrations (mg/L), slope and resistance ratio of Adedes aegypti in municipalities

in Parana State, Brazil.

Municipality F Clso CLos SLOPE e RR,, RR,,
C1

Rockefeller Fn 0.00173 0.00297 7.00+0.3 1.209 1 1
0.0016 —0.0017 0.0027 — 0.0032

Foz do Tguagu F2/F3 0.00456 0.01187 3.96+0.1 6.028 2.6 3.9
0.0043 — 0.0047 0.01121 —0.1267

Paranavai F2 0.00560 0.01018 6.33+£0.2 4.6 32 34
0.00544 —0.00576 0.0097 - 0.0106

Maringa F2 0.00564 0.02050 2.93+0.1 6.7 32 6.9
0.0052 — 0.0059 0.0183 - 0.0235

Ibipora F2 0.00540 0.01972 2.96+0.1 5.6 3.1 6.6
0.00514 —0.00583 0.0179 - 0.0220

Cambe F2 0.00400 0.00782 5.6+0.2 2.2 23 2.6
0.00385 —0.00415 0.0074 — 0.0083

Jacarezinho F2 0.00277 0.00912 3.18+0.4 0.47 1.6 3

0.0021 - 0.0032

0.0077 - 0.0120

All values of CLs,- CLys, Slope and X? are well adjusted with the Probit model P> 0.05.
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from several regions of Brazil, and indicate low gene flow
(Costa-Ribeiro et al. 2007), there is little elucidation on this
matter in localities close to Parana. For instance, Paduan
et al. (2006) considers the possibility of the existence of
a gene flow related to active migration of the mosquitoes’
populations. It is possible that this phenomenon helps to
the spread of resistance in the border areas of the state of
Parana. That research includes Parana’s individuals, which
are closely related to the ones from Campinas in Sdo Paulo
State.

Nevertheless, based on Costa-Ribeiro et al. (2007) and
Paduan et al. (2006), we hypothesize that a modification of
the susceptibility of the vector’s populations can be linked
to an inherent factor in the region, that is, the resistance is
initiated by intrinsic factors of operational control. Also,
it should be considered that the similarity of susceptibility
with Sdo Paulo State might be explained by its geographic
proximity, as well as the genetic patterns of 4. aegypti. This
can only be answered by assessing the main road routes that
link Sao Paulo, Mato Grosso do Sul, Paraguay and Argentina
to Parand in regards to the detection of genes for insecticide
resistance.

The resistance ratios of 4. aegypti populations analyzed
in Parana are lower than those reported in other Brazilian
States. Further studies must be conducted to understand
whether the resistance pattern found is a consequence of
internal operational factors or factors related to the vector’s
dynamics and dispersion.
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