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ABSTRACT

Introduction: The need for studies that describe the resistance patterns in populations of Aedes aegypti (Linnaeus) in function of
their region of origin justified this research, which aimed to characterize the resistance to temephos and to obtain information on
esterase activity in populations of Aedes aegypti collected in municipalities of the State of Paraiba. Methods: Resistance to temephos
was evaluated and characterized from the diagnostic dose of 0.352mg i.a./L and multiple concentrations that caused mortalities
between 5% and 99%. Electrophoresis of isoenzymes was used to verify the patterns of esterase activity among populations of
the vector. Results: All populations of Aedes aegypti were resistant to temephos, presenting a resistance rate (RR) greater than
20. The greatest lethal dose 50% of the sample (CL, was found for the municipality of Lagoa Seca, approximately forty-one
times the value of CL,; for the Rockefeller population. The populations characterized as resistant showed two to six regions of
a and B-esterase, called EST-1 to EST-6, while the susceptible population was only seen in one region of activity. Conclusions:
Aedes aegypti is widely distributed and shows a high degree of resistance to temephos in all municipalities studied. In all cases,
esterases are involved in the metabolism and, consequently, in the resistance to temephos.
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INTRODUCTION

Studies carried out in many municipalities show that
resistance of Aedes aegypti to temephos is widely spread
in Brazil'**. In Paraiba, this resistance was observed in
populations from the municipalities of Boqueirdo, Brejo dos
Santos, Campina Grande, Itaporanga and Remigio®. Such
reports confirm the need to evaluate, routinely, the efficiency
of insecticides used in fighting 4. aegypti as a security measure
to public health.

Detection of this resistance and knowledge of the
mechanisms involved are fundamental in order to understand
the basic aspects involved in this process, and provide important
information for its management in target species’. An essential
aspect for the development of resistance management strategies
is to determine its dynamics developing studies that evaluate
the changes and frequency throughout time®.
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To achieve success in the resistance management of
temephos and vector control, it is necessary to determine how
the populations of the insect are distributed, once sampling
and control efforts must concentrate in these places and at
periods favorable to the occurrence of outbreaks of populations.
Information on spatial and geographic distribution of populations
of A. aegypti resistant to temephos guide the development and
implementation of control strategies as it helps in the discovery
of vulnerable points of the insect, which might be useful for
guiding these actions, lowering expenses and decreasing the
environmental costs due to the use of inadequate techniques.

Characterization of the esterase activity present in natural
populations of A. aegypti is also a very useful tool for insecticide
resistance management programs and vector control, since it shows
the genetic variability among vector resistant populations. Detection
of genetically distinct vector populations within a region may have
important implications for public health, since these might be
associated with behavioral, ecological and biological variations,
and with epidemiologic characteristics shown by the vector.

Since the 1960s, isoenzymes have been important tools
for geneticists and, although new molecular techniques have
emerged, these markers are still widely used in genetic studies’.
Their use is relatively inexpensive and technically accessible,
which allows the analysis of several loci simultaneously?®.

Isoenzymes are an efficient tool in studies of population
biology and, when associated with studies of developmental
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biology and of insecticide resistance of insects, provide
fundamental information in order to define control strategies
for vector insects. This study aimed to characterize resistance to
temephos and obtain information on esterase activity in resistant
populations of 4. aegypti collected in municipalities of the State
of Paraiba, with the purpose of helping health officials develop
strategies to monitor and control the populations of this vector.

METHODS

The research was conducted by studying populations of
Aedes aegypti collected in six municipalities located in the
mesoregion of Paraiba: Campina Grande, Esperanga, Lagoa
Seca, Alagoa Nova, Alagoa Grande, and Serra Redonda.

The collections were performed in neighborhoods with high
rates of vector infestation according to the health department of
each municipality — point A — and in equidistant neighborhoods,
located 500m, 1,000m and 1,500m from point A. constituting
points B, C and D, respectively.

The SB-25-Y-C-I charter, scale 1/100,000, was used as basis in
order to prepare the spatial distribution maps of collection points of
A. aegypti, which contained the municipalities that are part of the
study area. The cartographic material is available on the website
of the Executive Agency for the Management of the Waters of the
State of Paraiba (EFSA)’. The coordinates of the collection points of
A. aegyptiwere inserted on the already georeferenced map in order to
show its real distribution in space and precisely indicate the location
of the culicid populations resistant or non-resistant to temephos.

Thirty traps to collect eggs (ovitrap) were installed in
areas defined as points A, B, C and D, distributed in houses
randomly chosen in intra and peridomestic structures. The traps
were collected every four days after installation and brought
to the laboratory for the quantification of the number of eggs,
identification of the species, and the establishment of the
populations. The infestation for oviposition traps index (OTI) was
calculated from the data obtained with the given formula: OTI =
(no. of houses with positive traps/no. of inspected houses) X 100.

Biological testing of resistance, the establishment of the
populations of 4. aegypti and isoenzymes electrophoresis were
conducted in the Laboratory of Entomology of the Nucleus of
Systematics and Bioecology of Insects of the State University
of Paraiba, in air conditioned rooms at a temperature of 26°C +
2°C and photoperiod of 12h. The establishment of the 4. aegypti
colonies in the laboratory followed the raising methodology
described in Beserra et al'®.

Technical grade temephos of first laboratory generation (F,)
and Temephos Abate® of first and second laboratory generations
(F, e F,) were evaluated in the biological resistance tests.

Determination of the diagnostic dose was performed through
tests of multiple concentrations that caused mortalities between
5% and 99%, considering double the CL,, of the susceptible
population (S) as diagnostic dose, according to what states the
World Health Organization"'. The Rockefeller population, kept
in the Entomology laboratory for four years without selection
pressure, was chosen as the susceptible population of reference (S).

The verification and evaluation of the resistance degrees of
the populations of 4. aegypti to temephos were performed from

the diagnostic dose determined from tests with the susceptible
population (S), and from multiple concentrations that provide
mortality between 5% and 99%. For each test, larvae from the late
third stage (L,) and/or from the early fourth stage (L,) of the vector
were distributed in disposable cups of 500ml containing 400ml
of each solution diluted in distilled water and 25 larvae. Four
replications were performed, and, after 24h of exposure of larvae
to the product, the mortality percentage was evaluated according
to the WHO criteria for the susceptibility pattern interpretation:
> 98%, susceptible population; 80% to 98%, resistance
verification; <80%, resistant population.

Due to the insufficient quantity of eggs from the first
laboratory generation (F,), the resistance characterization was
performed with the F, generation of populations from Alagoa
Nova D, Alagoa Grande B, Lagoa Seca C and Serra Redonda
B. Only one point was chosen in each municipality in order to
apply the multiple concentrations that provide mortality between
5% and 99%. These populations were subjected to eight multiple
concentrations of 1.76mg/L to 8.8mg/L.

Mortality data for each population were submitted to Probit
analysis using the POLO-PC program, and the resistance rate (RR)
was calculated from the CL_ of the resistant population (R) and
the CL, of the susceptible laboratory population (S). Differences
between geographic populations were considered significant
if 95% of the confidence intervals of CL,; did not overlap'.

Only twenty of the twenty-four samples of the collected
populations of A. aegypti were subjected to isoenzyme
electrophoresis. It was not possible to conduct these analyses for
the populations of Lagoa Seca point B, Campina Grande point
D and Esperanga points B and D due to lack of larvae hatching.

The larvae from the first laboratory generation (F,) of each
population of A. aegypti (n= 36) were homogenized in 50ul of
extraction buffer Tris-HC1 0.5M, pH 6.8 under cooling and,
subsequently, they were centrifuged at 10,000rpm for 10 min/4°C.

Afterwards, the supernatant was transferred to micro tubes
of 2.0ml with a precision pipette and 3.0uL of bromophenol
blue were added. Then, the tubes were kept in a freezer until
the moment of electrophoretic analyses.

An aliquot of 15uL of protein extract was subjected to native
polyacrylamide gel electrophoresis 7.5%. The electrophoretic
run was conducted at the amperage of 0.70A and voltage of
170V/5h. Subsequently, the gel was subjected to histochemical
staining specific to the Esterase alpha and beta (EST, EC 3.1.1.1)
enzymatic system. The enzymatic revelation was carried out in
an oven at 37 °C for 1h. The fixation process was performed
according to the methodology described by Alfenas et al'3.

The analysis of zymograms was performed following the
nomenclature described by Tabachnick and Powell'* in 1979,
where loci and alleles are designated by numbers. Allelic
frequencies, heterozygosity rates and test of Hardy-Weinberg
equilibrium were calculated by means of the programs TFPGA
— Tools for Population Genetic Analysis'® and GenALEx 6.4'°.

The construction of the dendrogram was based on the presence
and absence of esterase loci through the Unweighted Pair Group
Method with Arithmetic Mean (UPGMA). In this analysis, the
four points of each municipality were grouped as a single one,
totaling six municipalities plus the susceptible population.
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Aedes aegypti resistant to temephos (Figure 1). Therefore, they
RESULTS may contribute to making decisions that effectively control this
vector in the region of study.

The maps built from this study show the real distribution in
space and precisely indicate the location of the populations of

A high oviposition trap index was observed in most of the
cities studied. The highest OTI was that of Serra Redonda, and
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FIGURE 1 - Map of sampling sites in the State of Paraiba: A) Alagoa Grande; B) Alagoa Nova; C) Campina Grande; D) Esperanga; E) Lagoa Seca; F) Serra Redonda.

180
www.scielo.br/rsbmt



Gambarra WPT et al - Spatial distribution and esterase activity

TABLE 1 - Concentration-mortality response of Aedes aegypti populations with proportions different of susceptible and resistant individuals to temephos (Abate®)

Populations LD50y, (C195%) LDggoy, (C195%) b (+£SE) $ DF RR
Rockefeller 0.107 (0.090-0.121) 0.201(0.184-0.225) 4.692+0.581 12.560 22 N

Alagoa Nova 3.813 (3.545-4.096) 7.577 (6.760-8.802) 4297 +0.311 25.698 22 38.1
Alagoa Grande 2.668 (2.501-2.826) 4.248 (3.921-4.738) 6.345 +0.548 21.662 19 26.6
Serra Redonda 2.866 (2.697-3.030) 4.984 (4.611-5.499) 5.331+0.407 7.815 22 28.6
Lagoa Seca 4.114 (3.849-4.391) 7.424 (6.700-8.511) 4.999+ 0.334 40.172 26 41.1

LD50: lethal dose 50% of the sample; CI: confidence interval; LDg(o,: lethal dose 90% of the sample; b: slope; +SE: standard error; XZ: chi-square; DF: degree of freedom;

RR: resistance ratio.

the lowest OTI was that of Campina Grande. Nonetheless, it
is worth highlighting that there was a significantly high rate of
this index for the other municipalities, for instance, the area C
of Esperan¢a, whose OTI was of 90%.

A number of 10,184 eggs were collected in a total of 720
ovitraps installed. The municipality with the greatest number of
collected eggs was Serra Redonda, 2893; followed by Esperanga,
Alagoa Nova, Lagoa Seca, Lagoa Grande and Campina Grande
with 2505, 1658, 1452, 1227 and 449 respectively.

A high degree of resistance to temephos was observed
in the twenty-four populations of 4. aegypti collected in the
six municipalities from State of Paraiba. All populations had
0% mortality for the diagnostic dose of 0.092mg of i.a./L of
technical grade and 352mg ofi.a./L of Temephos Abate®. The
Rockefeller population was the only susceptible one, presenting
100% mortality, as expected.

In this study, all populations presented an increase in
mortality as temephos concentration was increased (Figure 2).
At concentration 8.8mg/L of this larvicide, mortality reached
100% in four of the municipalities tested. Mortality observed
for the Rockefeller strain was of 100% for all dosages tested,
validating the results for the other populations.

The CL,, for the populations studied were higher than the
CL,, for Rockefeller, and the municipalities of Lagoa Seca
and Alagoa Nova presented the highest values; 4.114 and
3.813. The highest CL, (7.577) was obtained for Alagoa Nova,
approximately thirty-eight times the value of CL, (0.201) for
the susceptible population (Table 1).

90

All populations studied presented mortality rates lower than
80%, therefore, they were considered resistant and the resistance
rate was higher than 20.

The increase in esterase gene expression was confirmed by
the tests carried out in twenty populations from the mesoregion
of rural Paraiba, allowing the visualization of six regions of a
and P-esterase in resistant populations called EST-1 to EST-6.
Only the Rockefeller population presented a low esterase
activity, which was expected, since it is a susceptible population.

Two loci presented only one allele (EST-3, EST-6), three
loci presented two alleles (EST-1, EST-4, EST-5) and only one
locus presented three alleles (EST-2), with a predominance of
three loci in 38% of the populations with strong, medium and
weak intensity observed in various regions of the gel.

Populations characterized as resistant showed from two to
six regions of esterase activity, while only one region of activity
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FIGURE 2 - Temephos Abate® toxicity in four Aedes aegypti populations.

was observed for the susceptible population (Rockefeller).
The confirmation that these patterns differentiate resistant
and susceptible insects was obtained by the resistance
verification test, once all larvae tested survived the diagnostic
dose of 0.352mgi.a./L, which was lethal for the Rockefeller
population.

The pattern of the six loci evaluated showed the presence of
13 alleles (Est-1', Est-2', Est-22, Est-23, Est-3!, Est-32, Est-4!,
Est-4%, Est-5', Est-52, Est-53, Est-6' and Est-6?), and allele Est-2?
was the only one present in all populations analyzed with allelic
frequencies ranging between 0.083 and 1.

The samples of A. aegypti from point D of the municipalities
of Serra Redonda and Alagoa Grande correspond to the areas
with the highest proportion of polymorphic loci, 66.6% and
50%, respectively, which shows a greater genetic variability in
these populations.

The average heterozygosity was higher in point A of Serra
Redonda and Campina Grande, 0.3369. The patterns of esterase
loci detected for the populations of Alagoa Grande point C,
Alagoa Nova points A and B, Lagoa Seca point A and Rock
revealed monomorphism in all loci. Most of the populations
studied presented 16.6% of polymorphic loci.

The populations with greater esterase activity presented
lower resistance to temephos, such as Serra Redonda and Alagoa
Grande. These cities probably suffer less insecticide selection
pressures. It can be seen that the higher the number of loci the
greater the resistance, expect for Lagoa Seca (Table 2).
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TABLE 2 - Number of loci and the ratio of the resistance of Aedes aegypti populations
that were tested for resistance characterization

Populations Number of loci RR
Lagoa Seca Point C 3 41.1
Alagoa Nova Point D 5 38.1
Serra Redonda Point B 4 28.6
Alagoa Grande Point B 4 26.6

RR: resistance ratio.

A binary matrix for the presence or absence of loci was
generated from the data. From this matrix, it was possible to
build a dendrogram (Figure 3) to estimate the divergence for
the populations studied.

Five distinct groups can be observed in the dendrogram. The
populations of Alagoa Grande and Lagoa Seca are the only ones
that have a collection point in which all loci are monomorphic.
The percentage of polymorphic loci was also similar, 20% and
16%, respectively.

The population from Serra Redonda was isolated once it
presented the greatest quantity of polymorphic loci, 41%. Its
proximity to the groups from populations 1 and 5 is due to the
fact that the populations of Serra Redonda and Alagoa Grande
are the only ones that have six loci in one collection point:
Est-1, Est-2, Est-3, Est-4, Est-5, Est-6.

Alagoa Nova formed a third group and is the only one that
has two polymorphic loci. The populations of Campina Grande
and Esperanga, respectively, are similar due to the presence of
the same sequence of the loci Est-2, Est-4 and Est-5. Esperanca
point C does not have this last locus. The Rockefeller population
formed the last group and is the only susceptible population
having just one monomorphic locus.
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FIGURE 3 - Dendrogram showing cluster analysis among Aedes aegypti populations
from State of Paraiba, based on the presence and absence of esterase loci, the Unweighted
Pair Group Method with Arithmetic Mean (UPGMA).

DISCUSSION

Distribution of Aedes aegypti is increasingly wider. The
high oviposition trap index found for the cities studied may be
explained due to the fact that collections were performed in the
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summer. This can be easily understood once high temperatures
influence culicid larvae hatching.

It was also observed that the water supply was irregular and
via water tanker trucks in some cities with the need to store
water in tanks, containers and others, all without cover, which
favored the development of the mosquito'”.

The number of Brazilian municipalities where the presence
of A. aegypti has been verified has rapidly increased over the
past years. In a study performed in I1ha do Governador in Rio de
Janeiro, Souza-Santos and Carvalho!® observed that the presence
of the mosquito was greater in residential areas; however, it is
not restricted to those areas, since the mosquito is distributed
throughout the region.

The use of ovitraps was shown to be a good tool to study
vector infestation. Braga et al”®. indicated the monitoring with
ovitraps as a more sensitive and economical methodology when
compared to official monitoring methodologies based on larval
research. That is in agreement with Marques et al*. who found
on the ovitrap the capacity for positive findings even in the
presence of a great number of competing breeding places. One
of the advantages of using ovitraps would be the withdrawal of
eggs from the environment?'.

In the State of Paraiba, Beserra et al. observed the resistance
of A. aegypti populations from Boqueirdo and Remigio using a
concentration of 0.012mg i.a./L of technical temephos. These
cities presented mortalities of 4.8% and 48%, respectively. The
populations of Brejo dos Santos, Campina Grande, Itaporanga,
Capim de Cheiro and Lagoa do Mato presented mortality below
80% for all tests.

The high resistance rate (RR) found in this study is worrying,
since, according to Mazzari and Georghiou®’, RR above 10
is considered a compromising level for the larvicide action,
causing damage to programs of vector control. For larvae that
presented RR of this magnitude, the residual effect to temephos
in the field will be lower, since there is gradual decline in the
concentration available initially in the treated deposits, which
contributes to the increase in the number of surviving larvae
along time. This causes the need for a greater number of larvicide
applications in shorter intervals, with the consequent increase
in costs of dengue combating programs?.

The high resistance pattern observed for the populations
investigated may be associated with the use history of the
product in each locality with different intensities or application
frequencies, subjecting them to different selection pressures
with consequent increase in resistance for some, or, probably,
to resistance mechanisms developed in each population.

The increase in esterase activity seen in this study was also
shown in resistant populations of Myzus persicae, in some Culex
and Nilaparvata lugens mosquitoes™?*. Maymo’o et al*>%, also
observed the increase in esterase genes activity when studying
populations of Frankliniella occidentalis from southwestern Spain.

In the search for esterases that are connected to the resistance
condition or susceptibility of the analyzed populations, some
esterases and some esterase combinations could be involved
in one of the resistance mechanisms, and should be submitted
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to a more thorough study; they are: the EST-2 locus, alone, for
its presence in all resistant populations, or along with EST-4,
occurring in 17 of the 21 evaluated populations.

Esterase patterns have already been successfully used in
genetic differentiation of populations of insects resistant to
chemical insecticides?®?”, It has been possible to reveal esterase
patterns capable of differentiating resistant and susceptible
populations for 4. aegypti populations from Sao Paulo and Bahia®.

Paiva®! verified, through electrophoresis, a total of five regions
of o and B-esterase for the resistant populations when studying
A. aegypti populations from nine localities in the State of
Pernambuco. Only one activity region was seen for the Rockefeller
population.

Yan et al*2. found an average heterozygosity of 0.604 using
RFLP markers in 4. aegypti populations exposed to DDT;
this value is well above those found in this research, 0.3369.
Nevertheless, this increase was already expected once the RFLP
marker analyzes the whole genome.

The high resistance presented by the population of Lagoa
Seca, even though it has only three loci (Table 2), can be
explained since the analysis of the isoenzyme gels revealed the
expression of the Est-42 allele, only present in this population,
which might have afforded a higher enzymatic activity in
this locus. The identification of an allele responsible for the
resistance was also reported by Rodriguez et al*’. in samples
of A. aegypti resistant to temephos.

Lopez-Soler et al**. reported the presence of a characteristic
pattern of bands that showed a strong correlation between total
esterase activity and resistance degree in their studies on the
evaluation of esterase gene in the resistance of Frankliniella
occidentalis through polyacrylamide gel electrophoresis.

It can be verified that 4. aegypti is widely distributed and
has high infestation indices (OTIs) in the six municipalities of
Paraiba, besides presenting high resistance degrees to temephos
(RR>20). It was also seen that esterases may be involved in the
vector resistance to temephos in all samples of the populations
evaluated and that the greater the quantity of loci, the higher the
resistance, once the greater the quantity of esterases, the greater
the chances the mosquito would metabolize temephos. However,
there is no evidence that only the esterases are indeed the cause
of this high resistance, other mechanisms may also be involved.

Such data show the continuing need for monitoring the
resistant to insecticides used in fighting 4. aegypti as a security
measure to public health.

These results need further corroboration, in addition to a more
detailed study on the esterase gene. The next challenge consists
in incorporating genetic data into control programs as a tool to
evaluate the effectiveness of the actions to control A. aegypti.
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