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Abstract 

Background  Visceral leishmaniasis (VL) is a zoonotic disease caused by Leishmania infantum and transmitted 
by the sand fly Lutzomyia longipalpis. Dogs are the major domestic reservoir of L. infantum. To prevent the spread 
of the disease, dog collars impregnated with 4% deltamethrin have been effectively used in VL endemic areas. How‑
ever, this approach may contribute to the emergence of insecticide resistance in sand flies. Therefore, it is important 
to characterize the susceptibility of different populations of Lu. longipalpis to deltamethrin in areas where insecticide-
impregnated dog collars are used.

Methods  Six field sand fly populations from Brazil were exposed to deltamethrin in  CDC bottle bioassays 
at the diagnostic doses (DD) of 21.9 μg/bottle and 30 μg/bottle. For the dose–response (DR) experiments, doses of 1, 
3, 5, 7, 9 and 11 μg/bottle of deltamethrin were used to impregnate bottles; control group bottles were impregnated 
with acetone only. Each bottle contained an average of 20 sand flies, both male and female, and they were exposed 
to either deltamethrin or acetone for 60 min.

Results  Based on the DD of 21.9 μg/bottle, three populations were susceptible to deltamethrin. In contrast, two 
populations collected from the states of Ceará and Minas Gerais exhibited mortality rates of 94.9% and 95.7%, 
indicating possible resistance, and one population from the state of Ceará showed resistance, with a mortality rate 
of 87.1%. At the DD of 30 μg/bottle, two populations from the states of Ceará and Piauí showed possible resistance, 
while the other four populations were susceptible. The resistance ratio (RR50) ranged from 2.27 to 0.54, and RR95 
ranged from 4.18 to 0.33, indicating a low resistance intensity.

Conclusions  This study established a DD for Lu. longipalpis using the CDC bottle bioassay. We found that Lu. longi-
palpis populations in three Brazilian states where insecticide-impregnated dog collars were used for VL control were 
susceptible to deltamethrin. However, one population in Ceará State was classified as resistant to deltamethrin. These 
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Background
Visceral Leishmaniasis (VL) is a tropical zoonosis of 
major public health importance that is considered to be 
a neglected tropical disease [1]. This disease primarily 
affects children under the age of 5 years and adults older 
than 50  years, as well as those with comorbidities and 
immunocompromised conditions [2, 3]. The main mode 
of transmission to humans is through the bite of female 
sand flies infected with Leishmania species. Lutzomyia 
longipalpis (Lutz & Neiva, 1912) is the main vector of 
Leishmania infantum in the Americas [2, 4]. The WHO 
estimates that between 50,000 and 90,000 new cases of 
VL are reported annually. In the Americas, 69,665 new 
cases of VL were registered between 2001 and 2022, with 
an average of 4322 confirmed cases annually [5]. In Bra-
zil, VL has spread throughout the country due to urbani-
zation processes that have occurred since the 1980s [6]. 
Between 2001 and 2022, approximately 67,384 cases of 
VL were confirmed, with the majority occurring in the 
Northeast region of Brazil [7].

The prevention and control of VL have been primar-
ily based on vector control due to the lack of safe and 
efficient vaccines [8–11]. In Brazil, the first attempts at 
chemical control of sand flies were made in the 1950s 
with the spraying of dichlorodiphenyltrichloroethane 
(DDT) in houses [12–14]. Falcão and colleagues [15] pio-
neered the use of pyrethroids, evaluating the efficacy of 
deltamethrin to control the Lu. longipalpis species. Since 
then, pyrethroids have been the primary compounds 
used to control sand flies, mosquitoes and kissing bugs; 
however, this method can lead to the selection of pyre-
throid-resistant insect populations.

Insecticide resistance in sand flies can pose a threat 
to the effectiveness of VL control programs. Currently, 
there are records of Phlebotomus argentipes populations 
that are resistant to DDT, permethrin and deltamethrin 
[16–20]. Studies have shown resistance of Phlebotomus 
papatasi to various insecticides, such as DDT, perme-
thrin and lambda cyhalothrin [16–22]. Additional studies 
have demonstrated the resistance  of Phlebotomus ser-
genti to DDT [16, 23]. Until now, Lu. longipalpis popula-
tions have not shown resistance to insecticides [24–27].

Collars impregnated with the 4% insecticide deltame-
thrin protect the dog from the bite of female sand flies, 
thereby reducing the transmission of VL in dogs [28–31]. 
In light of the expansion of VL cases in the Americas 

[5], there is a high probability of sand fly resistance to 
the insecticides used to control VL [24]. However, lim-
ited knowledge is available on the potential for sand fly 
resistance to collars impregnated with deltamethrin. It 
is important to note that information on the occurrence 
of resistance in areas where insecticide-impregnated dog 
collars are used is scarce. Consequently, monitoring the 
susceptibility of Lu. longipalpis to insecticides, particu-
larly in areas where insecticide-impregnated dog collars 
are used, is crucial for the improvement of vector control 
measures. The aim of this article was to characterize the 
susceptibility profile of different populations of Lu. longi-
palpis to deltamethrin in areas where insecticide-impreg-
nated dog collars are used for VL control. We performed 
CDC vial bioassays to assess the susceptibility of field 
populations of Lu. longipalpis in Brazil to deltamethrin 
in areas treated with insecticide-impregnated dog collars. 
The results demonstrated that the majority of Lu. longi-
palpis populations tested in the study exhibited suscepti-
bility to deltamethrin, except for those collected in Ceará 
State.

Methods
Reference population
The reference population (laboratory reference strain 
[LRS]) consisted of Lu. longipalpis sand flies from Jaco-
bina in the Brazilian state of Bahia. The insects were 
reared in the Laboratório de Bioquímica e Fisiologia de 
Insetos of the Instituto Oswaldo Cruz in Rio de Janeiro. 
This insecticide-susceptible reference population has 
been bred and maintained in a colony for at least 5 years, 
with no input of external material. The insects are kept 
in semi-controlled conditions of temperature and humid-
ity (28 ± 2  °C and 65 ± 10% relative humidity) under a 
12/12-h light/dark photoperiod.

Sand fly sampling
For this study, we captured sand flies in six munici-
palities: Foz do Iguaçu, Paraná State (25°32′49″ 
S, 54°35′18″ W), Fortaleza, Ceará State (3°43′6″ 
S, 38°32′36″ W), Caucaia, Ceará State (3°44′4″ 
S, 38°39′23″ W), Teresina, Piauí State (5°5′21″ S, 
42°48′6″ W), Montes Claros, Minas Gerais State 
(16°44′13″ S, 43°51′53″ W) and Cavalcante, Goiás 
State (13°47′51″ S, 47°27′20″ W) (Fig.  1). We 
selected these municipalities based on the following 

results contribute to the current knowledge on sand fly resistance and surveillance, and highlight the need for a bet‑
ter understanding of the resistance mechanisms of Lu. longipalpis in areas where insecticide-impregnated dog collars 
have been widely used.
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specifications: (i) high transmission of VL; (ii) long-
term use by residents of insecticide-impregnated dog 
collars; (iii) presence of a specific VL control program; 
and (iv) households with Leishmania-infected dogs. 
The study areas were selected based on the VL risk 
stratification criteria established for VL risk strati-
fication by the Brazilian Ministry of Health and the 
operational guidelines for the implementation of insec-
ticide-impregnated collars (4% deltamethrin) in desig-
nated priority municipalities [32]. In addition, data on 
collection sites and canine positivity rates were gath-
ered from the municipal health departments.

We captured sand flies using HP and/or CDC light 
traps, which were installed in the peridomicile of the 
houses, such as chicken coops, for 3 consecutive nights 
(from 5:00 p.m. to 8:00 a.m.). The following day, the traps 
were collected in the morning, and the sand flies were 
transported in polystyrene boxes containing moistened 
paper towels. In the municipal entomology laboratories, 
the traps were separated into two groups, those which 
contained sand flies and those which did not. Finally, the 
sand flies collected were transferred to larger entomolog-
ical cages (30 × 30 cm), providing more storage space and 
consequently increasing the comfort of the insects, and 

Fig. 1  Map of Brazil showing the states (gray shading) and municipalities (featured along the edge) where the collections and bioassays with CDC 
bottles were carried out to assess the susceptibility of Lutzomyia longipalpis exposed to the insecticide deltamethrin in 2023. CE, Ceará State; GO, 
Goiás State; PI, Piauí State; MG, Minas Gerais State; PR, Paraná State. Source: MapBiomas (2023) (https://​brasil.​mapbi​omas.​org/​en/)

https://brasil.mapbiomas.org/en/
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maintained in the dark, with a black cloth covering the 
cage. This procedure was implemented for 1 h to facili-
tate the insects’ acclimation until the biological bioassays 
were conducted.

Bioassays
The bioassays employed pyrethroid deltamethrin 
(C22H19Br2NO3; purity 99.6%; Bayer AG, Leverkusen, 
Germany). To prepare the stock solution, 10.1 mg of tech-
nical-grade insecticide (powder) was weighed and diluted 
in 1 ml of acetone (PA-Dynamics, Cheswick, PA, USA). 
A second solution was prepared from the stock solution 
to obtain a 0.5 mg/ml concentration for the experiments. 
Subdoses of 1, 3, 5, 7, 9, 11 μg/bottle deltamethrin/bottle 
were then prepared for the dose–response (DR) experi-
ments to determine the diagnostic dose (DD), which 
is defined as the dose of insecticide per bottle that kills 
99% of susceptible insects in a given period. A DR bio-
assay was conducted using a susceptible population to 
estimate the DD. Six different concentrations of insecti-
cides were administered (1, 3, 5, 7, 9 and 11  μg/bottle), 
and the dose that caused 100% of the insects to die in 
the shortest reading time was considered the DD. The 
DD was established by multiplying the dosage required 
to kill 99% of insects LD99by 1. The DD determined here 
was 21.9  μg/bottle. The DD of 30  μg/bottle was recom-
mended by Delinger et al. [33] for Lu. longipalpis popula-
tions exposed to the pyrethroid deltamethrin. This dose 
was determined from a reference colony at the Walter 
Reed Army Institute of Research (WRAIR; Silver Spring, 
MD, USA), and the bioassays were conducted at Utah 
State University (Logan, UT, USA).

Wheaton glass vials (250  ml) were impregnated with 
1 ml of deltamethrin, while the control vials were impreg-
nated with 1  ml of acetone only. The vials were labeled 
with the name of the used insecticide, the concentration 
and the date of the test. This vial impregnation process 
was carried out evenly on all sides of the vials, including 
the top and bottom, by rotating the container and care-
fully observing the vial. After vial impregnation, the lids 
were removed to prevent condensation. The vials were 
left uncovered for 1 h to allow the acetone to evaporate. 
Once dry, the vials were capped and stored in 29-l plas-
tic boxes covered with a black cloth to protect them from 
light.

The CDC bottle bioassay described by the WHO [34] 
was used for all experiments.

 For the DD experiments, doses of 21.9 and 30.0 μg/
bottle were administered to approximately 20 sand flies 
(males and females) per bottle from the field collection. 
The sand flies were removed from the cages using a Cas-
tro catcher. Fifteen bottles were used, with three bottles 
designated for the control group.

 The DR bioassays were performed in the field. 
Twenty-one bottles were used at this stage, with three 
bottles for each concentration (1, 3, 5, 7, 9 and 11 μg/
bottle), totaling 18 bottles with insecticide and three 
controls (treated with acetone only). After introducing 
the sand flies into the control bottles and the bottles 
with each concentration of insecticide, we recorded the 
time for each bottle, and subsequently assessed mortal-
ity at 10-min intervals, with both dead and alive sand 
flies being recorded. Approximately 20 sand flies (males 
and females) were exposed to each dose. We used a 
Castro catcher and a small funnel to introduce the sand 
flies into each bottle, recording from minute zero until 
60 min of exposure had elapsed. The experiment began 
by introducing sand flies into the control bottles, which 
were promptly closed and positioned horizontally. To 
prevent contamination, a Castro catcher and separate 
funnel were used to insert the sand flies into the con-
trol group. After the experiment, the sand flies were 
transferred to 250-ml plastic jars with protective cotton 
mesh containing a 10% sugar solution. Mortality rates 
were taken within 24  h by a single researcher. Follow-
ing the mortality assessment, the sand flies were stored 
in Eppendorf tubes containing isopropyl alcohol to be 
preserved until they were identified at the species level. 
Each sand fly in an Eppendorf tube was identified by 
bioassay assessment and municipality. Mortality assess-
ment was based on the criteria described by Rocha 
et  al. [35]: (i) inability to fly in a coordinated manner; 
(ii) inability to stand; and (iii) brief standing and flying 
ability followed by immediate falling. The resistance 
assessment criteria were obtained from WHO [34]. 
The criteria are as follows: (i) mortality of ≥ 98% indi-
cates susceptibility; (ii) mortality ≥ 90% but < 98% sug-
gests the possibility of resistance; and (iii) mortality of 
< 90% suggests established/confirmed resistance. The 
RR50 and RR95 (resistance ratio) were calculated using 
the 50% lethal dose (LD50) and LD95 estimated for each 
population, respectively. The resistance ratio was deter-
mined in accordance with the WHO [36] guidelines. 
When the resistance ratio is ≤ 5, the field population is 
considered to be susceptible; when the resistance ratio 
is between 5 and 10, the mosquitoes are considered to 
be moderately resistant; and when the resistance ratio 
is > 10, the mosquitoes are considered to be highly 
resistant.

 The sand flies were then transported to the Labo-
ratório de Parasitologia Médica e Biologia de Vetores at 
the University of Brasília for taxonomic identification. 
The male and female specimens were mounted and iden-
tified following the methods of Forattini [37] using the 
Galati taxonomic key [38] and the Lutzodex app [39]. The 
genera were abbreviated according to Marcondes [40].
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Statistical analysis
The mortality data of the Lu. longipalpis populations was 
used to estimate the concentration of insecticide that 
kills 50% (LD50) 95% (LD95) and 99% (LD99) of the sam-
ples studied. The LD50, LD95 and LD99 for each popula-
tion were calculated using Probit analysis [41] and the 
Basic Probit Analysis and Polo Plus programs [42]. Lethal 
doses were expressed in micrograms per bottle (μg/bot-
tle). The slope of the DR curve, which represents the 
homogeneity of the population and indicates the progres-
sion of resistance and genotypic variation in tolerance to 
an insecticide, was estimated using the GraphPad Prism 
program version 5.0 (GraphPad Software, San Diego, 
CA, USA). Lower values of the slope indicate more het-
erogeneous populations and, consequently, a greater 
probability of resistance selection. Resistance ratios were 
calculated by dividing the LD50 of the field population by 
the LD50 of the susceptible strain. The resistance ratio 
indicates the magnitude of the population’s resistance to 
the insecticide.

Results
Lutzomyia longipalpis was the most captured species 
in the study areas
Among the 4094 sand flies captured in this study, Lu. lon-
gipalpis species was the most common sand fly species, 
accounting for 94% of specimens. The remaining spe-
cies were Migonemyia migonei (0.8%), Evandromyia lenti 
(0.6%), Evandromyia sallesi (0.3%), and Nyssomyia whit-
mani (0.1%).

Bioassays with six populations of Lu. longipalpis from areas 
using insecticide‑impregnated dog collars
The LD99 for the reference population of Lu. longipalpis 
was 21.9 μg/bottle, and the lethal time for 100% mortal-
ity was 60 min of exposure for the dose of 11 μg/bottle. 

Bioassays of CDC bottles impregnated with the DD of 
21.9  μg/bottle were performed on 1196 sand flies col-
lected in the six areas where impregnated dog collars 
were used for VL control. The results showed that most 
Lu. longipalpis populations from the municipalities of 
Foz do Iguaçu, Cavalcante and Teresina were susceptible 
to deltamethrin. However, the populations from Ceará 
State (Caucaia and Fortaleza) and Minas Gerais State 
(Montes Claros) showed mortality rates ranging from 
87.1% to 95.7%, suggesting resistance and possible resist-
ance (Table 1).

For the DD of 30  μg/bottle, approximately 1124 sand 
flies were used in the CDC bottle bioassays. The sand fly 
populations from Caucaia and Teresina showed mortal-
ity rates of 95.5% and 95.8%, respectively. These data sug-
gest the possibility of resistance to deltamethrin in these 
populations (Table 2).

The CDC bottle bioassays conducted in different 
municipalities with varying doses showed that a dose 
of 5  μg/bottle resulted in 100% mortality for the Lu. 
longipalpis population collected in the municipality of 
Cavalcante. Subsequent doses maintained this level of 
mortality, indicating the high susceptibility of this popu-
lation to deltamethrin. In contrast, Lu. longipalpis from 
Montes Claros exhibited the second-highest mortal-
ity rate (86.6%), while the other populations showed 
lower mortality rates (Fig. 2). Among the six populations 
exposed to deltamethrin, the Cavalcante sand fly popula-
tion was the most susceptible, with mortality rates rang-
ing from 30% to 40%.

The LD50 of the reference population was 3.50 μg del-
tamethrin/bottle. The LD50 of the field populations 
ranged from 1.92 to 9.53 μg/bottle. The population from 
Caucaia had the highest LD50 value at 9.53  μg/bottle, 
while the population from Cavalcante had the lowest 
value at 1.92 μg/bottle. The populations of Lu. longipalpis 

Table 1  Mortality rate of sand fly populations exposed to the diagnostic dose of 21 μg deltamethrin/bottle in CDC bottle bioassays in 
2023

CAU​ Caucaia, Ceará State, CAV Cavalcante, Goiás State, FOR Fortaleza, Ceará State, FOZ Foz do Iguaçu, Paraná State, MOC Montes Claros, Minas Gerais State, TER 
Teresina, Piauí State

Population N Mortality (%) following exposure to deltamethrin (21.9 μg/ bottle) Classification

Time after initial exposure

10 min 20 min 30 min 40 min 50 min 60 min 24 h

CAU​ 201 8.9 15.9 24.8 36.8 48.7 69.6 87.1 Resistance

FOR 219 6.8 13.2 21.9 30.1 55.3 64.8 94.9 Possible resistance

MOC 163 14.1 25.1 54.6 87.7 92.1 100 95.7 Possible resistance

FOZ 166 4.2 11.4 27.7 51.2 68.1 85.5 98.2 Susceptibility

CAV 247 14.1 30.7 85.8 93.9 96.3 99.1 99.2 Susceptibility

TER 200 11.1 19.5 44.1 72.1 80.1 92.5 99.5 Susceptibility
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in Foz do Iguaçu and Caucaia exhibited significant differ-
ences in LD50 when compared to the reference popula-
tion (LRS). These results are shown in Table 3, where the 
confidence limits overlapped at the 95% level. The LD95 
of the reference population was 12.8 μg/bottle, while the 
LD95 range of the field populations was 4.33 to 53.6 μg/
bottle. For LD95, the populations of Caucaia and Caval-
cante exhibited significant differences when the confi-
dence limits overlapped at the 95% confidence level. The 
RR50 values ranged from 2.27 to 0.54, indicating low lev-
els of resistance for the analyzed populations. The RR95 
also showed a range of 4.18 to 0.33 (Table 3).

When compared to the reference population (Fig.  3), 
the angular coefficient values of the sand fly populations 
from the municipalities of Teresina and Caucaia showed 
less homogeneity and a higher frequency of individuals 
with resistance alleles. In contrast, Lu. longipalpis from 
Foz do Iguaçu and Cavalcante exhibited angular coef-
ficient patterns similar to the reference population. The 
populations of Lu. longipalpis from Fortaleza and Montes 
Claros exhibited greater heterogeneity compared to the 
reference population. This suggests the possibility of 
selecting resistant individuals in the event of insecticide 
pressure, as shown in Fig. 3.

Discussion
In this study we assessed the susceptibility profile of six 
sand fly populations collected in areas where dog col-
lars are used to control VL. A diagnostic dose for the Lu. 
longipalpis species was established using bioassays with 
bottles as recommended by the excluded the US Centers 
for Disease Control and Prevention (CDC). The results 
showed that Lu. longipalpis field populations from three 
sampling locations where insecticide-impregnated dog 
collars were used for VL control were susceptible to del-
tamethrin. These results contribute to sand fly resistance 

surveillance and highlight the need for a better under-
standing of the resistance mechanisms of Lu. longipalpis 
in areas where impregnated dog collars have been widely 
used. Lu. longipalpis sensu lato is a complex of phleboto-
mine sand fly species. Our phylogenetic analyses showed 
that morphologically similar populations of Lu. longipal-
pis collected in Teresina (1S) and Santarém (1S) showed 
a high degree of genetic divergence. This work highlights 
the susceptibility responses of Lu. longipalpis through 
CDC bottle bioassays, but there is a need for future stud-
ies with genetically different populations to better under-
stand susceptibility within the longipalpis complex [43, 
44].

The LD99 for the reference population of Lu. longipal-
pis was calculated at 21.9  μg/bottle; thus the DD was 1 
× LD99 = 21.9  μg/bottle. The results of our study indi-
cated that the DD obtained differed from those reported 
for Lu. longipalpis populations in Colombia, where the 
DD was 10 μg/bottle for deltamethrin [45, 46]. A recent 
multi-center laboratory study published the ‘Standard 
Operating Procedures’ for testing sand fly resistance to 
insecticides in the WHO bottle bioassay and tube test; 
this study recommends using non-blood-fed female 
adults aged 3–7 days [47]. For WHO tube tests with del-
tamethrin, a DD of 0.05% was recommended. However, 
populations of Lu. longipalpis from Colombia and Brazil 
showed differences in the LD99. These differences were 
explained by variations in genetic structure, such as the 
presence of sister species and/or differences in the degree 
of exposure of field populations to insecticides before 
being colonized. Chaubey et  al. [48] also noted that Ph. 
argentipes had varying DD depending on the location and 
type of insecticide studied. These results emphasize the 
significance of using a locally estimated DD from a popu-
lation of Lu. longipalpis to enable more precise compari-
sons of the susceptibility of various field populations.

Table 2  Mortality rate of sand fly populations exposed to the diagnostic dose of 30 μg/bottle of deltamethrin in CDC bottle bioassays 
in 2023

CAU​ Caucaia, Ceará State, CAV Cavalcante, Goiás State, FOR Fortaleza, Ceará State, FOZ Foz do Iguaçu, Paraná State, MOC Montes Claros, Minas Gerais State, TER 
Teresina, Piauí State

Population N Mortality (%) exposure with deltamethrin (30 μg/ bottle) Classification

Time after initial exposure

10 min 20 min 30 min 40 min 50 min 60 min 24 h

CAU​ 173 4.1 16.2 41.6 64.7 82.1 95.5 95.3 Possible resistance

TER 191 9.9 35.1 68.5 89.5 95.8 97.9 95.8 Possible resistance

FOZ 160 6.2 17.5 46.5 77.5 95.1 95.1 98.7 Susceptibility

MOC 153 19.6 44.4 98.1 99.3 99.9 100 99.3 Susceptibility

CAV 226 24.7 75.6 97.7 100 100 100 99.6 Susceptibility

FOR 221 9.9 19.9 37.5 50.2 68.7 78.7 99.9 Susceptibility
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The population of Lu. longipalpis from Caucaia was 
classified as resistant and possibly resistant when exposed 
to DD of 21.9 and 30 μg/bottle, respectively. Additionally, 
the Fortaleza and Montes Claros populations were clas-
sified as possibly resistant at a DD of 21.9 μg/bottle. The 
Teresina population showed possible resistance at a dose 
of 30 ug/bottle. Impregnated collars were implemented 
in the municipality of Caucaia in April 2022, with a total 
of 675 dogs collared in two cycles. In Fortaleza, the col-
lars were implemented in July 2021, with a total of 68,000 
dogs using them. Impregnated collars were implemented 

in the municipality of Teresina in December 2021, with 
a total of 11,021 dogs collared in three cycles. In Montes 
Claros, the collars were implemented in July 2021, with a 
total of 10,949 dogs collared in three cycles. In our study, 
the sand fly populations from these municipalities had 
lower mortality rates for Lu. longipalpis. This may have 
influenced the results, as the sand flies faced insecticide 
pressure for longer due to the use of collars and residual 
treatments, both using pyrethroid insecticides. System-
atic review studies conducted by Rocha et  al. [16] and 
Balaska et al. [17] on the susceptibility status of sand fly 

Fig. 2  Average mortality of sand fly populations from the different populations for dose responses to the pyrethroid deltamethrin at 60 min 
of exposure. CAU, Caucaia, Ceará State; CAV, Cavalcante, Goiás State; FOR, Fortaleza, Ceará State; FOZ, Foz do Iguaçu, Paraná State; MOC, Montes 
Claros, Minas Gerais State; TER, Teresina, Piauí State
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populations in the New and Old World revealed that Ph. 
argentipes and Ph. papatasi exhibit resistance to vari-
ous classes of insecticides. However, the susceptibility 
status of Lutzomyia species remains unclear. In a previ-
ous study,  Lu. longipalpis exhibited susceptibility when 
exposed to various DD and different insecticides [16]. 
This contrasts with the results obtained in our research, 
which detected resistance to deltamethrin in field popu-
lations of Lu. longipalpis.

The populations of Lu. longipalpis in Foz do Iguaçu, 
Montes Claros, Cavalcante and Teresina, which were 
exposed to 21.9  μg/bottle of deltamethrin, showed high 
susceptibility to deltamethrin. Falcão et al. [15] reported 
a high susceptibility of Lu. longipalpis populations to this 
insecticide, similar to observations by Mazzarri et al. [49] 
in field populations exposed to various classes of insec-
ticide, including the pyrethroid deltamethrin. In Brazil, 
Rocha et al. [24] evaluated the susceptibility of four field 
populations of Lu. longipalpis to alpha-cypermethrin 
using CDC bottle bioassays, and found all populations to 
be highly susceptible. After 60 min of exposure at a DD 
of 30  μg/bottle, only the populations of Montes Claros 
and Cavalcante reached 100% mortality. It is important 
to highlight that the concentrations of 3 μg/bottle to the 
highest concentration of 11 μg/bottle yielded high mor-
tality rates from both field populations. The Cavalcante 
population showed 100% mortality after only 30  min of 
exposure to doses of 5, 7, 9 and 11  μg/bottle. However, 
the susceptible reference population achieved 100% mor-
tality only after 60  min of exposure to a dose of 11  μg/
bottle. Of the municipalities included in the study, those 
of Montes Claros and Cavalcante had a relatively shorter 
experience with the insecticide dog collar as the latter 
was introduced in May 2023 and August 2023, respec-
tively. In Montes Claros, 419 dogs were collared, while 
in Cavalcante, 359 dogs were collared. Therefore, the 
population of Lu. longipalpis collected in Cavalcante had 

been exposed to insecticides for a shorter period of time 
and were collected in a more preserved environment, as 
the area is protected by the Kalunga Community. These 
variables may explain why this population is more sus-
ceptible, which could be useful as a reference for future 
studies on sand fly susceptibility to insecticides.

Based on the results of this study, we propose that the 
Lu. longipalpis population from Cavalcante is a poten-
tial LRS due to its 100% mortality rate at a 5 μg/bottle 
dose and lower LD50 and LD95 values compared to the 
LRS used in this study. González et al. [25] also identi-
fied that Lu. longipalpis from the laboratory presented 
greater tolerance to deltamethrin and lambdacyhalo-
thrin compared to populations that were collected in 
the field in the municipality of Araçatuba, São Paulo 
State, Brazil. In addition, Lu. longipalpis from Gruta 
da Lapinha, Minas Gerais State was found to be a 
laboratory reference strain in susceptibility studies 
with pyrethroids [26, 27]. In general, all the popula-
tions exhibited low levels of resistance when compared 
to the LRS, as the RR50 ranged from 2.27 (Caucaia) to 
0.54 (Cavalcante). The results obtained in the present 
study are consistent with those reported by Bidabadi 
et al. [50], who estimated a RR50 of 2.52 for the species 
Ph. papatasi in susceptibility experiments with WHO 
tubes. The populations from Teresina, Caucaia, Montes 
Claros and Fortaleza exhibited greater heterogeneity 
than the LRS, indicating a higher likelihood of selecting 
resistant individuals. Conversely, the population from 
Cavalcante, Goiás State displayed the greatest homoge-
neity. The slope enables us to draw conclusions about 
the level of genetic variability in a population, which 
indicates a progression of resistance. Populations with 
low genetic variability are less likely to change their 
resistance ratio, while populations with higher genetic 
variability are more likely to change their resistance 
ratio in response to the insecticide used over time [51].

Table 3  Population distribution, number of specimens per sample, slope, 50% and 95% lethal doses and resistance ratios of Lu. 
longipalpis populations exposed to the pyrethroid deltamethrin in CDC bottle bioassays in 2023

CIConfidence interval 
a Concentration of insecticide that kills 50% (LD50) and 95% (LD95) of the samples studied
b Resistance ratio calculated using the LD50 and 95% LD95 of the field populations compared to those of the susceptible reference population

State Population N Slope LD50 (95% CI)a LD95 (95% CI)a RR50
b RR95

b

Bahia LRS (reference population) 420 2.93 3.50 (1.38–5.73) 12.8 (7.29–12.2) – –

Ceará Caucáia 247 2.19 9.53 (7.09–36.1) 53.6 (20.9–50.1) 2.27 4.18

Paraná Foz do Iguaçu 325 4.86 7.12 (6.36–7.81) 15.5 (12.9–21.3) 2.03 1.21

Ceará Fortaleza 337 3.64 6.21(4.75–8.03) 17.5 (9.59–36.2) 1.77 1.36

Piauí Teresina 258 4.75 5.39 (4.73–5.98) 11.9 (10.2–15.4) 1.54 0.92

Minas Gerais Montes Claros 279 3.53 2.67 (2.04–3.18) 7.80 (6.18–11.8) 0.76 0.61

Goiás Cavalcante 328 4.66 1.92 (1.53–2.27) 4.33 (3.57–5.78) 0.54 0.33
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There are a number of limitations to this study. First, 
an insufficient number of sand flies were available to 
carry out the bioassays. Second, sample loss occurred 

during the identification process. A comparison of the 
populations in Teresina, Caucaia, Montes Claros and 
Fortaleza with the LRS revealed greater heterogeneity, 

Fig. 3  The mortality curve of Lu. longipalpis populations, represented on a logarithmic scale, on the insecticide deltamethrin. The reference 
population (REF) is represented by the laboratory population from Jacobina (green), while the populations from Cavalcante (CAV; yellow), Fortaleza 
(FOR; gray), Montes Claros (MOC; red), Caucaia (CAU; brown), Foz do Iguaçu (FOZ; purple) and Teresina (TER; blue) are field populations
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indicating a greater probability of selection of resist-
ant individuals. Furthermore, research is required to 
analyze penetration, metabolic and genetic resistance 
to gain a deeper understanding of the dynamics of 
selecting insecticide-tolerant populations. A system-
atic review of the susceptibility status of sand fly pop-
ulations in the New and Old World was conducted by 
Rocha et al. [16] and Balaska et al. [17], revealing that 
most resistance bioassays for sand flies used WHO 
tube kits, yet the standardization of DD and/or an LRS 
was not consistently applied. In this context, we wish 
to draw attention to the use of CDC bottles, which are 
inexpensive and easy to transport and handle. Further-
more, we highlight the use of field-collected popula-
tions in the experiments, as recommended by the WHO 
[47]. We believe it is important to overcome these limi-
tations in future studies to evaluate the susceptibility 
of field populations of Lu. longipalpis to insecticides 
in areas where insecticide-impregnated dog collars are 
used to control VL. This is important because insecti-
cide-impregnated dog collars can reduce the risk of VL 
in dogs [52] and provide a significant level of protec-
tion against VL in humans [53]. Therefore, insecticide-
impregnated dog collars could be a viable alternative 
for inclusion as a public health measure to control VL 
if sand flies are susceptible to insecticide-impregnated 
dog collars.

Conclusions
This study established a DD for Lu. longipalpis using 
the CDC bottle bioassay. We found that Lu. longipalpis 
populations in three Brazilian states where insecticide-
impregnated dog collars were used for VL control were 
susceptible to deltamethrin. In contrast, one population 
in Ceará State was classified as resistant to deltamethrin. 
These results contribute to sand fly resistance surveil-
lance and highlight the need for a better understanding 
of the resistance mechanisms of Lu. longipalpis in areas 
where insecticide-impregnated dog collars have been 
widely used.
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