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ORIGINAL ARTICLE

MONITORING THE SUSCEPTIBILITY OF Triatoma
sordida: STAL, 1859 (HEMIPTERA: REDUVIIDAE)
POPULATIONS TO THE INSECTICIDE
DELTAMETHRIN, IN THE STATE OF SAO PAULO,
BRAZIL

Rubens Antonio da Silva', Grasielle Caldas D’Avila Pessoa’ and Liléia
Gongalves Diotaiuti’

ABSTRACT

Triatoma sordida is the most abundant triatomine species in the State of Sdo Paulo, with wide
distribution and recurrent control activities. This study aimed to analyze the susceptibility of
insects to the insecticide used for control. Dilutions of deltamethrin were prepared and applied
to the backs of biologically synchronized first-instar nymphs derived from 100 populations
(240 insects x population) from 40 municipalities. The control group received only pure
acetone. Mortality was assessed after 72 hours. The susceptibility profile observed for these
populations yielded RR50 values ranging from 0.74 to 3.50. The mortality rate in response to
the diagnostic dose ranged from 93.3 to 100%. The populations demonstrated susceptibility
to deltamethrin, confirming the effectiveness of the insecticide for vector control activities.
Continuous monitoring is recommended to promptly identify possible changes in susceptibility
that may compromise control actions.

KEY WORDS: Triatomines; vectorial control; bioassays; Chagas disease.

INTRODUCTION

Triatomines are paurometabolous insects whose development cycle goes
from egg to adulthood, passing through five nymphal instars, where adults of both
sexes and nymphs feed on blood and can become infected with 7rypanosoma
cruzi (Lent & Wygodzinsky, 1979). The subfamily Triatominae, which includes
these vectors, is currently composed of 156 species and 18 genera distributed
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in five tribes (Zhao et al. 2021). Most triatomine species are found in South and
Central America, with Brazil having the greatest diversity of triatomines, with 68
species recorded (Costa & Lorenzo, 2009). In the State of Sdo Paulo, 13 species
have been detected, including Triatoma sordida Stél, 1859, the most collected,
which is present mainly in the northwest region of the state (Silva & Villela, 2023).

The species 7. sordida is native to the Cerrado biome. Its general coloration
varies from light to dark brown, and it is 14 to 19 mm long in males and 15 to
20 mm in females. It is considered ubiquitous, with high ecological potential, an
eclectic diet, the ability to withstand major environmental changes, and a long life
expectancy (Pelli et al., 2007).

This species is of secondary epidemiological importance in the State
but deserves attention in surveillance programs. Although it inhabits chicken
coops, warchouses, livestock enclosures, and animal shelters, which reduces
its frequency within homes, it maintains close contact with human populations
(Forattini et al., 1983). Natural infection rates are low compared to other species
present in the State; however, it poses a risk due to its abundance and widespread
distribution, especially in rural areas. Its constant presence in peridomestic areas
creates opportunities for eventual colonization of the home, thereby increasing
the risk of vector-borne transmission of Chagas disease (Silva & Villela, 2023).
Recent studies in the State of Sao Paulo report the presence and colonization of
this species also in urban environments, inside homes, and in peridomiciles (Silva
et al., 2024).

The control of these insects, in addition to environmental management,
is carried out using pyrethroid insecticides (Coelho et al., 2017). In the State of
Séo Paulo, insecticides have been used continuously to control Chagas disease
vectors since the early 1950s, with the use of hexachlorobenzene (BHC), used
in field control strategies, and replaced by pyrethroids in the 1980s to the present
day (Rocha e Silva & Rodrigues, 2000; Rocha e Silva et al., 2011). Triatomine
resistance to insecticides has been reported involving several chemical actives in
different parts of the American continent (Pessoa et al., 2015a).

A study of susceptibility to pyrethroid insecticides carried out with
populations of 7. sordida from the Central-West region of Brazil demonstrated
a high level of susceptibility in most groups of insects evaluated. However, in
groups from five regions, a greater probability of evolution of resistance and
tolerance to insecticide treatment was observed, which indicates the need for
constant monitoring of changes in susceptibility, so that triatomine control actions
are always adequate and up to date (Obara et al., 2011). On the other hand, a study
conducted in the State of Minas Gerais with this species, from areas with persistent
infestations, demonstrated low resistance to insecticides (Pessoa et al., 2015b).

With the persistence of infestation observed for 7. sordida in the State of
Séo Paulo and the recurrent use of insecticides for its control, it becomes opportune
to evaluate the susceptibility of insects to verify their effectiveness, allowing the
direction of the actions undertaken by the teams involved in this action.
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MATERIAL AND METHODS

Triatomines for evaluation

The samples came from municipalities in the northern and northwestern
regions of the State of Sdo Paulo, with field collections conducted between 2018
and 2024 (Figure). These regions are influenced by the subtropical highland
climate, with average temperatures that may vary between 19.5 °C and 27.6 °C
(INMET, 2025). Insects were manually collected by State field teams during
active searches in areas with previous infestations or records of pyrethroid
applications.

The insecticide used in control actions was alpha-cypermethrin.
Surveillance has been conducted exclusively through resident notification since
2004, with comprehensive home entomological surveys targeting food sources.
Chemical control is employed when new specimens are detected during this
survey, with the application being made at the site of their discovery (Silva &
Villela, 2023).

The active search consisted of an entomological survey of the home,
considering the intra-household and peridomicile areas of the properties, aiming
at the feeding sources of the triatomines, and occurred between the years 2018
and 2024. The collected insects were placed in jars for transport and sent to
the Triatomine Laboratory of Mogi Guagu, linked to the Disease Control
Coordination of the State Department of Health of Sdo Paulo, where they
were identified using a triatomine dichotomous key and classified according to
their development stage (Lent & Wygodzinsky, 1979). The triatomines in the
immature instar were identified with the aid of a stereoscopic microscope and a
specific dichotomous key for this purpose that characterizes the nymphal instars.

In the laboratory, they were kept in rearing conditions at 25 + 3 °C,
a constant relative humidity of 75 + 3%, and a 12-hour photoperiod. They
remained in crystallizers measuring 10 cm in height by 23.5 cm in diameter,
lined with filter paper to absorb feces and moisture, with a support made of 0.2
mm pressed cardboard in the shape of a beehive and covered with thick cotton
cloth to protect them from light. The triatomines were fed artificially using
chicken blood as a food source.

Each year, municipalities and their respective locations were selected
for active vector searches in rural properties. Once these insects are received
in the laboratory, after a 15-day quarantine period, the colonies are inspected
daily to separate eggs. Testing begins when these eggs hatch.
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Figure. Municipalities with collections of Triatomines of the species Triatoma sordida
used in susceptibility testing. State of Sdo Paulo, collection period, 2018 to 2024.

Insecticide susceptibility test

The reference population of 7. sordida was selected, from the
municipality of Uberaba/MG, whose diagnostic dose in which 50% mortality
of the population was observed (LD,,) was defined as 0.065 (95% CI 0.0520 -
0.0810) and the diagnostic dose in which 99% mortality of the population was
observed (LD,,) was defined as 0.437 (95% CI 0.2460 - 1.6490), slope 2.766
+ 0.410 (Pessoa et al., 2016). The methodology used to monitor insecticide
resistance in the laboratory was standardized by Pessoa et al. (2016) with
definitions regarding insect generation, nymph age, and insecticide application
site. The insects collected in the investigation were kept in quarantine upon
arrival at the laboratory. At the end of the quarantine, the eggs laid were
removed, and the birth of the first-instar nymphs was synchronized for the
experiment.

The quarantine room, as well as the breeding, experiment, and
application rooms, have controlled temperatures and humidity. These are
independent rooms where insects are available for evaluation after the product
is applied. After the quarantine period, the insects were separated to begin
testing, which took place from 2018 to 2024, depending on the sample
collection date.

The insecticide used was the pyrethroid deltamethrin, with a purity
level of 99.1%, granted by Bayer®. A total volume of 0.2 pL was applied to the
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back of the nymph on the fifth day after birth, always by the same technician,
aiming at reliability in the distribution of the insecticide. Control groups were
selected, which received only acetone P.A. on the back. Readings were taken
72 hours after application, considering normal, intoxicated, and dead nymphs.
Thirty-first-instar insects were used for each dilution, with at least eight doses
required to determine a mortality curve, resulting in 10 to 90% mortality.
Three groups of 10 insects each were formed, and the tests were conducted on
different days.

Mortality data were analyzed using the Basic Probit Analysis
program to estimate LD in nanograms of active ingredient per treated nymph.
Susceptibility classification was performed as described by the Pan American
Health Organization (PAHO, 2005).

The resistance ratio (RR, ) was obtained by dividing the LD, of the
field population by the LD, of the susceptible line. The 95% confidence
interval (95% CI) of each population was calculated and compared with the
reference population using the Polo PC® program.

The RR, values were considered significantly different when there
was no overlap of the limits of the confidence intervals, at the 95% level of the
reference population with the field samples.

Using the susceptibility baseline of the reference species 7. sordida, 30
nymphs from each field population were subjected to a diagnostic dose of 1 x
LD,,. The survival of at least two insects in three replicates was interpreted as
an indicator of resistance.

RESULTS

Populations of 7. sordida from 40 municipalities representing 100
localities were evaluated. The susceptibility to deltamethrin of the field
populations varied between 0.74 and 3.50 ng/insect, with a median of 1.95
(Table). The values obtained for RR, of the field populations demonstrated
significant differences from the reference population, with no overlap of the
limits of the confidence intervals at the 95% level. A variation between 93.3
and 100.0% of mortality was observed in the populations in response to the
diagnostic dose.
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DISCUSSION

In the State of Sao Paulo, 7. sordida is the most collected species,
with colonization observed in rural and urban environments (Silva & Villela,
2023; Silva et al., 2024). In the rural environment, this species coexisted with
T. infestans, whose control actions were undertaken continuously since the
beginning of the 1950s, with the use of hexachlorobenzene, culminating in its
elimination in the State of Sao Paulo in the 1970s (Wanderley, 1993).

When evaluating the susceptibility data, the Sdo Paulo populations had
a variation in RR,, in most cases lower than those observed for Brazil, which
were 1.15 to 3.50. It is worth noting that the mortality observed at the diagnostic
dose, in all Sao Paulo populations, was higher than 93.3%, indicating that control
actions in the State of Sdo Paulo may continue with the same insecticide that has
been used.

Currently, for chemical vector control, the Brazilian Ministry of
Health provides states and municipalities with alphacypermethrin, a pyrethroid
insecticide that has a low residual effect, does not remain on treated surfaces for
long periods, and is subject to climate changes, which can impair its useful life
(Oliveira-Filho et al., 2000).

There are different studies that have demonstrated cases of triatomine
populations resistant to several active substances in different regions of America
(Yon et al, 2004; Santos et al., 2007; Pessoa et al., 2015a). In Venezuela, the
use of pyrethroids is associated with field treatments with Rhodnius prolixus,
and in Brazil, Argentina, and Bolivia, with 7. infestans found resistance to the
insecticide (Depickere et al., 2012).

Studies aimed at verifying the susceptibility of 7. infestans, T. sordida,
and T brasiliensis in Brazilian populations were carried out and found, in some
situations, resistance to the pyrethroid insecticide deltamethrin (Obara et al.,
2011; Pessoa et al., 2015b; Pessoa et al., 2015c). Pessoa et al. (2015b), in a
study carried out with the species 7. sordida, in the State of Minas Gerais, found
populations with incipient levels of resistance to deltamethrin.

Using the criteria proposed by the World Health Organization, populations
with mortality rates below 96.7% should be considered resistant (WHO, 1994).
The comparison of the LD_ results obtained in this study with the results of the
diagnostic dose revealed a lack of correspondence for the populations of Birigui
- Goulart I, Castilho - Assentamento Rio Parand, Dracena - Fazenda Floresta,
Palmeira I, Floreal — Arribada, and Glicério - Fazenda Retirinho and Fazenda
Sao José.

For these results, the possible resistance detected in the diagnostic dose
was not confirmed by the RR, value, which could be explained by the reduced
number of samples used in the tests, which may not represent the characteristics
of the population. It is worth noting that sugarcane monoculture is present in this
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region, where small planes spray the cultivated area with insecticides containing
a different active ingredient than that used for triatomines (Leite et al., 2012).

The observed slopes were equal to or greater than the slope of the
reference population, suggesting a small degree of heterogeneity among the
populations. Furthermore, populations from different locations within the same
municipality, although geographically close, showed different RR50 values. A
possible explanation for these findings may be related to reduced gene flow,
i.e., a population in each location may undergo an insecticide selection process,
regardless of what happens to triatomines in neighboring locations (Picollo et
al., 2005).

Molecular studies indicate less genetic diversity in areas where there is
chemical treatment, and genetic variation should also be considered as a factor
that can directly interfere with test results (Espinoza-Echeverria et al., 2018).
Furthermore, the populations may have been exposed to different frequencies of
chemical treatment, or the area may have suffered reinfestations and therefore
received more insecticide applications, promoting greater selective pressure. It
should also be considered that, even if they are close, populations may have
distinct genetic origins, leading to different responses to insecticides (Panzera
etal., 2015).

The high slope observed in several populations tested is indicative
of a more homogeneous population, i.c., deaths are observed at similar
concentrations. Although the population requires a higher dose of insecticide to
obtain 50% mortality, the response is more uniform, indicating less variability
among individuals. Many tested populations presented RR,  values higher
than the reference population, which may be an early warning of the onset of
resistance development.

It is concluded that monitoring the insecticide susceptibility of native
populations of 7. sordida did not detect changes that could indicate resistance
in these insects. The World Health Organization recommends that laboratory
bioassays be used as an initial test to indicate possibly resistant populations,
being subjected to field bioassays to confirm or refute insecticide resistance
(WHO, 1994). Tests to verify the susceptibility of triatomine populations should
be conducted continuously to identify factors that interfere with vector control
and to evaluate and adjust intervention practices.
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