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Abstract 

Background  Reducing mosquito abundance or interfering with its ability to support the parasite cycle can help 
to interrupt malaria in areas of significant risk of malaria transmission. Fluralaner is a safe and effective drug for vet-
erinary use indicated for the treatment against fleas and ticks which acts as an antagonist of chloride ion channels 
mediated by γ-aminobutyric acid (GABA), preventing the entry of these ions into the postsynaptic neuron, leading 
to hyperexcitability of the postsynaptic neuron of the central nervous system of arthropods. Fluralaner demonstrated 
insecticidal activity against different insect species.

Methods  The study aimed to evaluate the effects of fluralaner on the biology, survival, and reproductive fitness 
of Anopheles aquasalis. The following lethal concentrations (LC) were determined for An. aquasalis: LC5 = 0.511 µM; 
LC25 = 1.625 µM; LC50 = 3.237 µM.

Results  A significant decrease (P < 0.001) was evident in the number of eggs, larvae, and pupae in the group exposed 
to a sublethal dose of fluralaner when compared to a control group (without the drug). Using blood from dogs 
after administration of fluralaner, it was observed that the drug causes 100% mortality in An. aquasalis in less than 24 h 
after feeding; this effect remains even after 90 days in all samples.

Discussion  Fluralaner showed the same result for up to 60 days, and after that, there was a slight reduction in its 
effect, evidenced by a decrease in the percentage of dead females; however, still significant when compared 
to the control group.

Conclusion  Fluralaner affects the biology and reduction of survival in An. aquasalis in a lasting and prolonged period, 
and its fecundity with lower dosages, is a strong candidate for controlling disease vectors.

Keywords  Malaria, Neotropical vector, Anopheles aquasalis, Fluralaner

Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Malaria Journal

*Correspondence:
Paulo Filemon Paolucci Pimenta
pfppimenta@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-023-04767-0&domain=pdf


Page 2 of 10Alcântara et al. Malaria Journal          (2023) 22:337 

Background
Malaria is an acute febrile infectious disease caused by 
the protozoa infection of the genus Plasmodium, whose 
transmission in humans occurs by bites of Anophe-
les vectors. In 2021, more than 247 million estimated 
cases, representing an increase of 2 million cases com-
pared with 2020, and 619,000 deaths estimated, a slight 
decline compared with 2020, were recorded worldwide 
[1]. The disease is considered a major global health 
problem, mainly affecting populations from subtropi-
cal and tropical areas of Africa, Asia, and the Americas, 
including Brazil, which is almost exclusively restricted 
to the Amazon region. The Amazon is a vast biome that 
spans eight developing countries (Brazil, Bolivia, Ecua-
dor, Colombia, Venezuela, Guyana, and Suriname) with 
a high risk of malaria transmissions due to environ-
mental factors favouring the development of anophe-
lines: high temperatures, relative humidity above 80%, 
frequent rainfall, and dense vegetation around the 
breeding sites and dwellings [2, 3]. In addition, physi-
cal topographic changes, such as new development 
projects, dams and road construction, mining, reforest-
ation, deforestation, and commercial plantations, con-
tribute to the increase in malaria cases. The Amazon 
region has 99.8% of annual malaria cases of Brazil, with 
the leading parasite, Plasmodium vivax [4–7].

The time required for the Plasmodium life cycle to be 
completed in Anopheles vectors to reach the salivary 
gland and be transmitted to a new vertebrate host ranges 
from 10 to 21  days, depending on the vector-parasite 
pairs and environmental conditions [8, 9]. The knowledge 
of this parasite developmental period in the mosquito is 
primordial for vector control, such as reducing the mos-
quito abundance and interfering with vector competence 
to diminish or interrupt malaria transmission.

Insecticides represent an essential and affordable 
method for reducing malaria transmission rates. Between 
2000 and 2015, the reduction in the number of malaria 
cases and deaths by 50% was closely attributed to insec-
ticide-based vector control, such as insecticide-treated 
nets (ITNs) and indoor residual spraying (IRS) [10, 11]. 
These processes are documented as an effective way 
to control malaria and have been adopted globally by 
the World Health Organization (WHO) [12]. However, 
insecticides have proven ineffective in reducing mos-
quito vectors and malaria transmission. Studies indicated 
resistance profiles in several anopheline species in differ-
ent malaria-endemic areas [13, 14]. Between 2010 and 
2020, according to the WHO, of the 88 malaria-endemic 
countries, 78 (88.6%) reported resistance to at least 
one class of insecticide: 29 (33%) detected resistance to 
pyrethroids, organochlorines, carbamates, and organo-
phosphates in different sites and 19 (21.6%) confirmed 

resistance to all categories in at least one location and at 
least one vector [1].

The use of drugs with endectocide action, such as iver-
mectin, has gained strength in the context of malaria 
reduction. A number of studies have been carried out to 
determine the effectiveness of this drug in the interven-
tion of vectors at different stages of their development 
[15, 16]. After oral administration in humans, ivermectin 
can kill mosquitoes and malaria parasites [17–21]. How-
ever, ivermectin has a reduced half-life and bioavailabil-
ity [22], which may make it necessary to use the drug at 
short intervals in mass use.

Fluralaner is a molecule of the isoxazoline class, which 
acts as an antagonist of chloride ion channels mediated 
by the neurotransmitter γ-aminobutyric acid (GABA), 
preventing the entry of these ions into the postsynaptic 
neuron, leading to hyperexcitability of the postsynap-
tic neuron of the central nervous system of arthropods 
[23]. Fluralaner is a chewable tablet, is therefore easy to 
administer, and has high efficacy with activity exceed-
ing 12 weeks after oral administration [24, 25]. The drug 
has higher selectivity for arthropod neurons, being high 
selectivity against fleas and ticks, and it has been proven 
to be a good safety profile in vertebrates.

The fluralaner insecticidal activity has been dem-
onstrated against several disease vectors [23–25]. The 
insecticidal action was evaluated against Phlebotomus 
perniciosus, responsible for transmitting Leishmania 
infantum. A 100% efficacy was evident after 30 days, and 
this efficacy remained high after 84 days, with more than 
50% mortality after 48 h of the feeding experiment [26].

Fluralaner also has insecticidal activity effective against 
several other species, such as Culex pipiens, Rhipicepha-
lus microplus, Ctenocephalides felis, Drosophila mela-
nogaster, Rhipicephalus sanguineus, Lucilia cuprina, and 
Ornithodoros moubata. In some of these, the effect was 
also seen in larval stages [27, 28].

Recently, the insecticidal activity of fluralaner has been 
evaluated against some New World vectors, such as Lut-
zomyia longipalpis, a vector of Leishmania infantum. The 
drug’s effects can last for 5 months with 100% effective-
ness, declining to 72.5% in 6  months [30]. In Triatoma 
brasiliensis, the vector of Trypanosoma cruzi, the drug 
had an efficacy of 100% until the 7th month after treat-
ment, remaining at more than 50% after 9 months [30].

Studies have shown the efficacy of fluralaner against 
Anopheles stephensi and Anopheles gambiae, Aedes 
aegypti, and Phlebotomus argentipes [27]. The effect 
against a Neotropical vector has recently been described, 
where it was possible to see the action on fluralaner on 
the mortality of Anopheles albimanus [31]. Still, the 
effect of fluralaner against anopheline vectors in malaria-
endemic Brazilian regions has yet to be explored.
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Given the permanent risk and problems caused by 
malaria in Brazil, especially in the Amazon region, asso-
ciated with the fact that strategies to reduce the vector 
population through the development of drugs with easy-
to-use and long-lasting insecticidal action are gaining 
incentive, this study aims to evaluate the effects of flu-
ralaner on mortality, survival and reproductive capacity 
of Anopheles aquasalis, the primary coastal malaria vec-
tor in the Americas.

Methods
Inclusion and collection of samples
Initially, 16 healthy individuals over 18 years of age and 
of both sexes, who had not used any drug with a proven 
effect on the mortality of Anopheles, were recruited. 
From each participant, 9 mL of blood was collected, and 
the blood samples were used in experiments that aimed 
to define the lethal concentration of the drug and evalu-
ate the effect on the reproductive capacity of An. aquasa-
lis, as previously described [32].

Healthy dogs (n = 4) American Pit Bull Terriers (2 
males and 2 females) recognized breed by veterinaries, 
aged 2  years, with an average weight of approximately 
34  kg (32.8–35.2) with a veterinary prescription for 
using fluralaner were included in this study. The follow-
ing conditions excluded the dogs: (1) pregnant or lactat-
ing female; (2) age less than 8 weeks old and with body 
weight less than 2  kg; (3) That had pancreatic, hepatic, 
and cardiovascular dysfunctions and (4) That have used 
any insecticide-acting drug at 1  year before [33]. Dur-
ing this study, the general health status of the dogs was 
monitored.

The owners of the dogs were oriented about this study. 
They agreed with the collection of 9 mL of venous blood 
from the jugular vein or cephalic vein by a veterinarian 
over different time intervals after the ingestion of the 
drug: (i) before drug ingestion (BDI-control group), (ii) 
24 h post-ingestion (HPI 24), (iii) 7d post-ingestion (DPI 
7), (iv) 14d post-ingestion (DPI 14), (v) 21d post-inges-
tion (DPI 21), (vi) 28d post-ingestion (DPI 28), (vii) 60d 
post-ingestion (DPI 60) and (viii) 90d post-ingestion (DPI 
90).

Drug acquisition
Fluralaner powder (pure compound) was obtained from 
Byorbyt (https://​www.​biorb​yt.​com/—Cambridge, UK, 
England) and used to define the lethal concentrations and 
the effect on reproductive capacity. For the experiment to 
evaluate the impact on survival after treatment, we used 
chewable tablets of fluralaner (Bravecto©) purchased in 
stores or pharmacies specializing in selling veterinary 
products. The dose used was adjusted according to the 

animal’s weight and label recommendation (25–56 mg/kg 
body weight) (MSD Saúde Animal, SP, Brazil).

Mosquito colony
Anopheles aquasalis mosquitoes were obtained from 
the Entomology Department of Fundação de Medicina 
Tropical Dr. Heitor Vieira Dourado (FMT-HVD). The 
mosquitoes were maintained at 26–27  °C, 70–80% rela-
tive humidity, and 12/12 light/dark photoperiod. Larvae 
were fed commercial fish food (Tetramin Gold©), and 
adults received 10% sucrose solution ad libitum. Females 
3–5 days after emergence were used in the experiments.

CL50 estimates
Initially, the fluralaner powder was dissolved in dime-
thyl sulfoxide (DMSO) at 10  mg/mL concentration 
and diluted 1 to 10 in phosphate-buffered saline (PBS). 
This solution was divided into smaller aliquots contain-
ing 100  µL each. A used aliquot was thawed for each 
experiment, and 900  µL of Iscove’s modified Dulbecco’s 
medium (IMDM) was added. From there, serial elution 
(1:100) were performed to obtain different concentra-
tions, as described previously [34–36]. The lethal con-
centration (LC) assessment was performed by adding the 
different concentrations from 0.025 to 2  ng/mL) (Addi-
tional file 1: Figure S1). These concentrations were added 
to 1 mL of human blood maintained at 36 °C and offered 
through membrane feeding assay (MFA) to An. aqua-
salis females for around 30 min. Each experiment had 5 
groups of females (150 females each) fed with blood con-
taining different types of concentrations (group FLU), 
accompanied by control without the drug (group CON) 
and another with DMSO (group DMSO) of a value equal 
to the highest concentration of the drug used in that 
same experiment. Fully engorged females were trans-
ferred to rearing cages and kept in an insectary under 
the same conditions described previously. After 24  h, 
the number of dead females was recorded to evaluate the 
mortality rates for each drug concentration.

Effects on reproduction capacity
Around 150 females were fed with a sub-lethal concen-
tration (LC5) of the drug determined according to the 
previous phase of this study (Additional file 2: Figure S2). 
After blood feeding, 30 engorged females were trans-
ferred to water containers with filter paper for oviposition 
and kept in an insectary under the same conditions used 
in the mosquito colony for three days. Afterward, the 
eggs were transferred to basins to complete their devel-
opmental stages. The number of eggs, larvae, and pupae 
was recorded using the average counting results of three 
independent researchers. Besides the drug at a low con-
centration (group FLU), each experiment had a control 

https://www.biorbyt.com/
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containing blood without the drug (group CON) and 
another with blood containing DMSO (group DMSO) at 
the same concentration used in the FLU group.

Effects on survival after treatment with fluralaner
Immediately after the first blood collection, fluralaner 
was administered to the dog, and its total ingestion was 
confirmed. The exact collection logistics were used on 
the other days. More details about blood samples and the 
preparation for membrane blood-feeding assay (washing 
and removing plasma) are described in the Additional 
file 3: Text Information.

The collected blood was divided into two parts: one 
was offered to the females during the first experiment 
(control), the other was centrifuged, and plasma was 
stored at -80º C. The remaining red blood cell pellet was 
reconstituted with the plasma obtained in the first collec-
tion without the drug (Drug-free group) [34].

Each experiment had three groups with approximately 
150 females, one of which was reserved for drug-free 
samples. These samples were offered through mem-
brane blood-feeding assay at 36 ºC for 30 min. The fully 
engorged females were transferred to cages and kept in 
an insectary, and after 24 h, the number of dead females 
was recorded.

Data analysis
To assess the effects of the drug on mosquito survival, 
Mantel-Cox log-rank test was used. A non-linear mixed 
model with probit analysis was applied to estimate the 
in  vitro values of LC5, LC25, and LC50. Experiments of 
lethal concentration with mortality higher than 10% in 
control were discarded, and mortality lower than this 
value was corrected by the Abbot formula [37].

Differences between the control and LC5 regarding the 
effects of Fluralaner on fecundity, egg hatching rate, and 
the number of pupae were estimated by a two-sample 
Wilcoxon rank sum test (Mann–Whitney) since the sam-
ple was not assumed to be normally distributed by the 
Shapiro–Wilk test.

Efficacy in the dog experiments was assessed by com-
paring the number of dead mosquito females in the 
groups with the drug over time versus without the drug 
(BDI). Differences between groups on different days were 
determined using Fisher’s test [29, 38] with a two-tailed 
normality test between groups considering significant 
differences of P ≤ 0,05.

R studio software (v. 2022.07.0) was used for all analy-
ses. R: A language and environment for statistical com-
puting. R Foundation for Statistical Computing, Vienna, 
Austria. URL: https://​www.R-​proje​ct.​org/) and graphs 
in GraphPad Prism 8 (v.8.0.2) (GraphPad Software, Inc., 

San Diego, California. URL: https://​www.​graph​pad.​com/​
compa​ny).

Results
LC50 estimates
Through 12 experimental replicates, 3121 females were 
exposed to various concentrations of Fluralaner ranging 
from 0.025 to 2 ng/mL (Additional file 4: Table S1).

The lethal concentrations were estimated accord-
ing to the values expressed in Table  1. For An. aquasa-
lis, the lethal concentrations (LC) of 5%, 25%, and 50% 
were, respectively: LC5 = 0.511 nM [95%CI 0.276–0.720]; 
LC25 = 1.625  nM [95%CI 1.298–2.016]; LC50 = 3.237  nM 
[95%CI 2.536–4.780]; without significant differences 
between the groups and control (without the drug: 
n = 662; and with DMSO: n = 570) (Additional file 5: Fig-
ure S3).

Effects on reproductive fitness
Anopheles aquasalis females exposed to a low concentra-
tion of fluralaner (LC5 = 0.511 nM [95% CI 0.276–0.720]) 
showed alteration in their ability to reproduce. A total of 
180 females were fed and placed into forced lay (Addi-
tional file  6: Table  S2). There were no significant differ-
ences between the CON (n = 60) and DMSO (n = 60) 
groups, so the DMSO group was used in comparison 
with the drug (FLU, n = 60). After normality and Mann–
Whitney tests of the samples, a significant (P < 0.001) 
decrease in the number of eggs was evident in the FLU 
group (Median = 0 [IQR = 0–62. 75]) (Fig.  1A), in the 
number of larvae (Median = 0 [IQR = 0–17] (Fig.  1B), 
and in the number of pupae (Median = 0 [IQR = 0–6.25] 
(Fig.  1C) when compared to the DMSO group 
(eggs—median = 157 [IQR = 44.25–220.75] / larvae—
median = 86.5 [IQR = 2.25–115] / pupae—median = 76 
[IQR = 2.25–106.5]).

Table 1  Lethal Concentrations (LC) of Fluralaner for An. aquasalis 

LC Lethal concentration

LC (%) ng/mL [CI 95%] nM [CI 95%]

5 0.2839 [0.1539–0.400] 0.5110 [0.2770–0.7200]

10 0.4536 [0.2976–0.5865] 0.8165 [0.5357–1.0557]

15 0.6062 [0.4407–0.7552] 1.0912 [0.7933–1.3594]

20 0.7542 [0.5825–0.9288] 1.3576 [1.0485–1.6719]

25 0.9033 [0.7214–1.1203] 1.6259 [1.2985–2.0166]

30 1.0575 [0.8569–1.3393] 1.9034 [1.5423–2.4107]

35 1.2202 [0.9903–1.5933] 2.1963 [1.7825–2.8680]

40 1.3950 [1.1245–1.8902] 2.5111 [2.0240–3.4024]

45 1.5862 [1.2628–2.2398] 2.8551 [2.2730–4.0316]

50 1.7989 [1.4090–2.6558] 3.2380 [2.5362–4.7805]

99 32.0866 [13.4426–169.2399] 57.7559 [24.1966–304.6319]

https://www.R-project.org/
https://www.graphpad.com/company
https://www.graphpad.com/company


Page 5 of 10Alcântara et al. Malaria Journal          (2023) 22:337 	

Effects on survival after treatment with fluralaner 
(Bravecto ®)
Anopheles aquasalis females fed with blood from the 
dogs in BDI showed a 100% mortality in all collections 
maintained throughout 90  days, with all deaths occur-
ring within 24  h after membrane feeding assay (MFA) 
(Fig. 2A). Interestingly, the drug-free group also showed 
significant mortality over time (100%), decreasing 
60  days (23.5%) and 90  days (14.34%) after MFA. Still, 
when compared to the mortality of blood-fed females 
from the control group (BDI) (3.28%), there was a signifi-
cant difference (P < 0.05) in this group (Additional file 7: 
Table S3).

There was no difference in mortality between An. 
aquasalis females after MFA of blood from male and 
female dogs treated with fluralaner. Interestingly, in the 
fluralaner-free group, after 60  days, a significant differ-
ence (P < 0.05) was observed when comparing the sexes 
of the dogs (Fig. 2B). After the dogs ingested the drug, no 
adverse manifestations were presented throughout the 
study period.

Discussion
Malaria control through the reduction of mosquito vec-
tors has been an effective strategy over the years, espe-
cially in endemic areas around the world, such as the 
Amazon region, where environmental factors favor the 
maintenance and proliferation of the disease. Vector con-
trol and disease prevention using oral insecticides have 
been presented as innovative strategies. These systemic 
insecticides are drugs applied directly to vertebrate blood 
to kill mosquitoes that take a blood meal. Today, most 
researchers are focusing on Ivermectin, a drug exten-
sively used for river blindness that has recently been pro-
posed for malaria control [32, 34, 35]. However, there is 
a concern that a possible over-dependence on a single 
drug will repeat past experiences like the rapid spread 
of pyrethroid resistance in malaria mosquito vectors. 
Diversifying the arsenal of systemic insecticides used for 
mass drug administration would improve this strategy’s 
sustainability.

Here it was investigated fluralaner, used to treat and 
prevent fleas and tick infestation in dogs and cats, for 

Fig. 1  Effects of Fluralaner on the reproductive fitness of Anopheles aquasalis. A Effect on egg numbers; B Effect on larvae numbers; C Effect 
on pupae numbers
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malaria vector control through experimental work devel-
oped with dogs and observing the ingested drug efficacy 
on the An. aquasalis, an important Neotropical vector. 
Fluralaner meets several significant criteria, such as a 
broad safety profile, proven activity against several vec-
tors, and prolonged effect, which can be administered in 
a single dose, facilitating mass administration and reduc-
ing logistical costs. Fluralaner can be a candidate for 
blocking vector-borne diseases in humans when used as 
a veterinary parasiticide, including in malaria-endemic 
regions.

Fluralaner was shown to have significant lethal activ-
ity on An. aquasalis with an LC50 of 3,23  nM (lethal 
concentration for 50% mortality) 24  h after ingesting 
dog blood containing the drug. This value is much lower 
when compared to LC50 of other vector species, such 
as An. stephensi (56. nM), An. gambiae (33.2  nM), Ae. 
aegypti (34.3  nM), Cx pipiens (92.5  nM), Ph. argentipes 
(575.4 nM) and L. longipalpis (1,183 nM) [27].

Each species intrinsic characteristics may explain the 
difference between these distinct LCs. The modulator 
targets GABA, ionotropic receptors, in which the locali-
zation sites of the isoxazoline molecules are located and 
have different locations in particular insects, including 
mosquitoes [39–41]. The mechanisms that allow under-
standing of the interference in the vectors’ physiological 
activities due to the drug’s action on the nervous system 
are still being explored [42].

This study is the first one to determine the effect of flu-
ralaner in a Neotropical Brazilian malaria vector consid-
ering the LC. It used a different methodology from other 
studies to recognize the drug effect more accurately [19, 
32]. Fluralaner was used in pure powder form, which may 
have been a determinant to identify the lower value of LC 

sufficient for effectively indicating the substantial block-
age of GABA and L-glutamate gated chloride channels 
causing the mortality of the An. aquasalis. The low values 
determined here are more than suitable to cause a lethal 
effect on this malaria vector even though it is known that 
much higher maximum concentrations of the drug are 
presented in the bloodstreams of dogs [24], cats [43], and 
cattle [31].

Moreover, the values found here are also well below 
the safety profile of a possible safe human dosage, where 
260  mg Fluralaner is indicated, exceeding the CL99 not 
only shown here for An. aquasalis (57.7559 nM), but also 
for several other insect species [27]. It is worth empha-
sizing the low selectivity of the drug for GABA recep-
tors in mammals compared to insects [23], which may 
encourage future research on the insecticidal action of 
fluralaner.

Many insecticides act on the developmental stages of 
the mosquito vector life, interfering with its ability to 
reproduce [31, 32], locomotion [35], vectorial capacity, 
and other factors that regulate the transmission of dis-
eases [44, 45]. Ivermectin in sub-lethal dosages decreased 
the reproductive ability of An. aquasalis [32]. This study 
using a similar methodology revealed that fluralaner has 
a similar effect on this mosquito. The concentration of 
0.511 nM (equivalent to LC5) significantly decreased the 
number of all developmental stages of the An. aquasa-
lis (eggs, larvae, and pupae) and reduced the number of 
adult mosquitoes.

Considering the pharmacokinetic data on the effect of 
fluralaner, the dosage, even if non-lethal, would be work-
ing after a long time of direct action of the drug [24, 
43]. The drug has a long-lasting effect on disease vector 
mortality and can interfere with other aspects of vector 

Fig. 2  Mortality of Anopheles aquasalis (%) over 90 days. A After feeding with blood from dogs treated with Fluralaner and after feeding 
with reconstituted blood (Drug-free). B Comparison of mortality after feeding reconstituted blood (Drug-free) of male and female dogs. Data 
represent two-tailed testing, and Fisher’s exact test was used. Asterisk (*) indicates a significant difference between groups at P < 0.05
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competence, such as the mosquito reproductive capacity 
shown here. Also, it is understood that even if the drug is 
in low concentrations, it can still have a significant effect 
to the point of impacting malaria transmission [46, 47].

The administration of insecticidal drugs to cattle to 
reduce malaria has been used and indicated for disease 
control in field regions [48]. Recently, fluralaner has been 
explored for this purpose [31]. The authors showed that 
while fluralaner significantly affected mortality in An. 
albimanus and An. stephensi, the drug did not affect 
reproductive capacity at sub-lethal doses. They pointed 
out that besides the fact that there are still no specific for-
mulations of fluralaner for other animal species (such as 
cattle here), there needs to be more information regard-
ing the pharmacokinetics of the drug in other species, 
which may interfere with the results. Meyers et  al. [49] 
highlighted several differences between species within 
the genus Anopheles on physiological aspects of flu-
ralaner. Differences were found in the midgut absorp-
tion, in the detoxification processes of the mosquitoes, 
and, consequently, in the metabolic byproducts. The 
glutamate-controlled chloride channels are outside the 
midgut. They have potential structural differences in 
the nerves and muscles, which may justify the different 
results found within the Anopheles genus. However, the 
authors share a strong point of view on the Fluralaner 
application for malaria control.

Fluralaner showed a long-lasting insecticidal effect on 
An. aquasalis mortality over 90 days. Similar long-lasting 
results have already been demonstrated in several studies 
targeting fleas and ticks [25], Ctenocephalides felis [50], 
and Demodex canis [51]. Fluralaner fits what is consid-
ered essential for an oral insecticidal drug that can be 
used for malaria control [52]. Fluralaner was developed 
primarily for dogs against fleas and ticks [53], Still, its 
insecticidal activity against vectors of endemic diseases 
has been explored, and apparently, the same efficacy as to 
the duration of its effect is presented in several situations.

Gomez et al. [38] evaluated the effect of fluralaner on 
Phlebotomus papatasi for 84  days, where the mortality 
remained high (60–80%) for 30  days. Bongiorno et al. 
[26], directly exposing Phlebotomus perniciosus to dogs 
medicated with fluralaner showed that the drug is 100% 
effective after 30 days and more than 50% effective after 
84 days. Queiroga et al. [29], evaluated fluralaner for up 
to 9 months and showed that in L. longipalpis, its effect 
could last for 5  months, maintaining its 100% efficacy, 
dropping to 72.5% in 6 months. These same authors also 
evaluated the impact of fluralaner in Triatoma brasilien-
sis [30], where efficacy remained at 100% over 7 months, 
declining to 66.4% after 8  months, 57% after 9  months, 
and 35% after 10  months. This study showed 100% 
efficacy over 90  days since An. aquasalis has greater 

sensitivity to the effect of fluralaner when compared to 
other species (demonstrated in LC result), it could be 
assumed that this efficacy would last longer. The differ-
ence in effectiveness between the different genera may be 
due to characteristics linked to the blood-feeding meth-
odology used in other studies, a specific amount of meal 
ingestion, and the amount of blood ingested by different 
insects in the presence of fluralaner.

The dosage of the fluralaner is adjusted according to 
body weight, and the amount of the drug ingested may 
vary. Even though the circulating and available drug con-
centrations may differ in distinct animals, the drug sig-
nificantly affects mortality. The durability of this effect 
is constant according to Queiroga et  al. [29, 30], where 
several breeds of dogs of both sexes and with different 
weight variations were used in the experiments. It was 
avoided possible biases by only including dogs from the 
same litter, same species, and similar high body weights, 
bringing robustness to the analysis and the results pre-
sented here.

As previously highlighted, insecticides aim to interfere 
with the various developmental stages of the mosquito. 
The gonotrophic cycle (where the female becomes able 
to reproduce and lay eggs) and the sporogonic process 
(where the parasite completes its development inside the 
mosquito) are considered essential for malaria transmis-
sion [54–56]. Most of the studies cited above showed 
that mortality of these vectors occurred within 48 h after 
feeding on a fluralaner. However, this study showed that 
mortality occurred within 24 h. The mortality caused by 
fluralaner in An. aquasalis occurs before the female com-
pletes any of the adult developmental cycles, thus signifi-
cantly decreasing the possibility of disease transmission.

Fluralaner has characteristics that allow its effective-
ness and durability to be elucidated. The molecule has a 
high absorption capacity in several tissues, with its main 
concentration found in the adipose tissue, followed by the 
liver, kidneys, and muscles [58], as evidenced in a study 
published by Gomez et al. [38]. Kilp et al. [43], when pre-
senting results on the pharmacokinetics of fluralaner in 
dogs, make it clear that the high degree of binding of this 
with plasma proteins, added to liver clearance, consid-
ered low for dogs, and the high volume of distribution 
of liposolubility, fluralaner is highly absorbed, allowing 
its half-life to be prolonged. Fat is vital in how long flu-
ralaner lasts in the animal tissue [24]. Fluralaner had a 
longer-lasting insecticidal effect in obese dogs compared 
to dogs with average weight [30]. In the trial of this study 
the non-drug group received blood that had its plasma 
extracted and reconstituted with plasma free of the drug. 
This group’s substantial effect on An. aquasalis mortality 
may be explained by the fact that red blood cells have a 
lipid bilayer in their cell membrane and are most likely 
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capable of absorbing fluralaner mainly by these fat mol-
ecules. Also, male and female dogs have different metab-
olisms and body fat percentages, which may explain the 
difference between the sexes.

Further studies, including distinct dog strains with dif-
ferent weights and genres, could explain the details of the 
actions of fluralaner. Finally, the dogs in this study always 
ingested fluralaner in the morning, before meals. Given 
that dogs got fluralaner along with their food and had 
better results during the length of its effects, feeding time 
may potentially be a factor that enhances the absorption 
of the drug [58].

Conclusion
Fluralaner is a veterinary drug that has been gaining 
strength in studies aiming its use in the control of sev-
eral endemic diseases such as malaria, where its signifi-
cant effect on mortality and high half-life fit the strategies 
of using drugs with insecticidal action. This study shows 
that fluralaner is effective against the Neotropical Anoph-
eles aquasalis at low concentrations. Low drug concen-
trations still interfere with mosquito reproduction ability 
when it is not lethal. It was also verified ingested flu-
ralaner efficacy over 90 days through treated dogs. These 
findings incentivize the development of new research to 
help the several existing problems in malaria control.

Abbreviations
ITNs	� Insecticide-treated nets
IRS	� Indoor residual spraying
WHO	� World Health Organization
GABA	� γ-Aminobutyric acid
n	� Number of
BDI	� Before drug ingestion
HPI	� Hours post-ingestion
DPI	� Days post ingestion
FMT-HVD	� Fundação de Medicina Tropical Dr. Heitor Vieira Dourado
DMSO	� Dimethyl sulfoxide
PBS	� Phosphate-buffered saline
IMDM	� Iscove culture medium
LC	� Lethal concentration
MFA	� Membrane feed assay
FLU	� Fluralaner
CON	� Control
ºC	� Celsius degrees
CI	� Confidence interval
IQR	� Interquartile range

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12936-​023-​04767-0.

Additional file 1: Figure S1. Fluralaner dilution scheme for defining lethal 
concentrations in Anopheles aquasalis. 

Additional file 2: Figure S2. Fluralaner dilution for assay on the effect on 
reproductive fitness of anopheles aquasalis.

Additional file 3: Text Information Descriptive methodology of transport 
and preparation of blood samples from dogs after collection.

Additional file 4: Table S1. The total number of deaths at different doses 
of Fluralaner. Dosages are expressed in µl where 2.5 µl is equivalent to 
0.025 ng/ml, and 200 µl equals 2 ng/ml.

Additional file 5: Figure S3. Regression curve—Result of the statistical 
evaluation of the different mortality percentages.

Additional file 6: Table S2. Effects of Fluralaner on the reproductive fit-
ness of Anopheles aquasalis. The table shows the mean count in absolute 
numbers of eggs, larvae, and pupae after drug exposure (0 = control, 
1 = Fluralaner, and 9 = DMSO groups) in MFA and forced laying.

Additional file 7: Table S3. Survival of Anopheles aquasalis for 90 days 
fed on blood from dogs treated with Fluralaner. Values are expressed in 
absolute numbers as well as the percentage of mortality.

Acknowledgements
The authors thanks the financial support of the: Foundation of the Institute 
Oswaldo Cruz (FIOCRUZ), Brazilian Council for Scientific and Technological 
Development (CNPq), Coordination for Improvement of Higher Education 
Personnel (CAPES), Minas Gerais and Amazonas State Research Support Foun-
dations (FAPEMIG and FAPEAM—PROESTADO). This manuscript is a part of the 
Ph.D. thesis developed by JAA and supervised by PFPP.

Author contributions
Conceptualization: JAA, MVGL, GCM, WMM, VSS; NFCS, APMD, RAGS, and PFP. 
Sample collections and experiments: JAA, FSAA, ACP, RMA, BYAC, APMD, and 
RAGS. Writing original Draft: JAA and PFPP. Statistical analysis: VSS and JAA. 
Supervision: JJA, APMD, RAGS, MVL, WMM, NFCS, and PFPP.

Funding
The following Brazilian agencies partially funded this study: Foundation of the 
Institute Oswaldo Cruz (FIOCRUZ), Brazilian Council for Scientific and Techno-
logical Development (CNPq), Coordination for Improvement of Higher Educa-
tion Personnel (CAPES), Minas Gerais and Amazonas State Research Support 
Foundations (FAPEMIG and FAPEAM—PROESTADO). NFCS, WMM, VGL, GCM, 
VSS, and PFPP are productivity fellows of the CNPq. The funders had no role in 
study design, data collection, analysis, or manuscript preparation.

Availability of data and materials
This published article and its Additional files include all data generated or 
analyzed during this study.

Declarations

Ethics approval and consent to participate
The study was approved by the Research Ethics Committee, under registra-
tion number CEP: 08194919.0.0000.0005, and by the Committee for Ethics in 
the Use of Animals, under number CEUA: 003133/2018, both from Tropical 
Medicine Foundation Dr. Heitor Vieira Dourado (FMT-HVD).

Consent for publication
All authors read this manuscript and agree with its publication.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Programa de Pós-graduação em Medicina Tropical–Universidade do Estado 
do Amazonas/Fundação de Medicina Tropical Dr. Heitor Vieira Dourado 
(PPGM–UEA/FMT-HVD), Manaus, Brazil. 2 Departamento de Ensino e Pes-
quisa–Fundação de Medicina Tropical Dr. Heitor Vieira Dourado (DENPE/
FMT-HVD), Manaus, Brazil. 3 Programa de Pós-Graduação Em Ciências da 
Saúde, FIOCRUZ–Belo Horizonte, Belo Horizonte, Minas Gerais, Brazil. 4 Instituto 
René Rachou–Fundação Oswaldo Cruz–(IRR–Fiocruz Minas), Belo Horizonte, 
Brazil. 5 Instituto Leônidas e Maria Deane – Fundação Oswaldo Cruz – (ILMD – 
Fiocruz Amazônia), Manaus, Brazil. 6 University of Texas Medical Branch (UTMB), 
Galveston, USA. 

https://doi.org/10.1186/s12936-023-04767-0
https://doi.org/10.1186/s12936-023-04767-0


Page 9 of 10Alcântara et al. Malaria Journal          (2023) 22:337 	

Received: 27 February 2023   Accepted: 24 October 2023

References
	1.	 WHO. World malaria report 2022. Geneva: World Health Organization; 

2022.
	2.	 Motta E. Fatores determinantes da situação da malária na Amazônia. Rev 

Soc Bras Med Trop. 1992;25:27–32.
	3.	 Secretaria de Vigilância em Saúde/Ministério da Saude. Panorama 

epidemiológico da malária em 2021: buscando o caminho para a elimi-
nação da malária no Brasil [Internet]. Boletim Epidemiológico (Brasília). 
2022;53:17. https://​www.​gov.​br/​saude/​pt-​br/​centr​ais-​de-​conte​udo/​publi​
cacoes/​bolet​ins/​bolet​ins-​epide​miolo​gicos/​edico​es/​2022/​bolet​im-​epide​
miolo​gico-​vol-​53-​no17.​pdf

	4.	 Barcellos C, Monteiro AMV, Corvolán C, Gurgel HC, Carvalho MS, 
Artaxo P, et al. Mudanças climáticas e ambientais e as doenças infec-
ciosas : cenários e incertezas para o Brasil. Epidemiol Serv Saúde. 
2009;18:285–304.

	5.	 Andrade R, Simonian L. Malária e Migração no Amapá: projeção espacial 
num contexto de crescimento populacional. 1st edn. Pará; 2006. Report 
No.: 1.

	6.	 da Silva-Nunes M, Moreno M, Conn JE, Gamboa D, Abeles S, Vinetz JM, 
et al. Amazonian malaria: asymptomatic human reservoirs, diagnostic 
challenges, environmentally driven changes in mosquito vector popula-
tions, and the mandate for sustainable control strategies. Acta Trop. 
2012;121:281–91.

	7.	 de Barros FSM, Honório NA, Arruda ME. Survivorship of Anopheles darlingi 
(Diptera: Culicidae) in relation with malaria incidence in the Brazilian 
Amazon. PLoS ONE. 2011;6:e22388.

	8.	 Childs LM, Cai FY, Kakani EG, Mitchell SN, Paton D, Gabrieli P, et al. Disrupt-
ing mosquito reproduction and parasite development for malaria control. 
PLoS Pathog. 2016;12: e1006060.

	9.	 Blanford JI, Blanford S, Crane RG, Mann ME, Paaijmans KP, Schreiber KV, 
et al. Implications of temperature variation for malaria parasite develop-
ment across Africa. Sci Rep. 2013;3:1300.

	10.	 Beier JC, Keating J, Githure JI, Macdonald MB, Impoinvil DE, Novak RJ. 
Integrated vector management for malaria control. Malar J. 2008;7(Suppl 
1):S4.

	11.	 Pluess B, Tanser FC, Lengeler C, Sharp BL. Indoor residual spraying for 
preventing malaria. Cochrane Database Syst Rev. 2010;2010:CD006657.

	12.	 Soko W, Chimbari MJ, Mukaratirwa S. Insecticide resistance in malaria-
transmitting mosquitoes in Zimbabwe: a review. Infect Dis Poverty. 
2015;4:46.

	13.	 Kleinschmidt I, Bradley J, Knox TB, Mnzava AP, Kafy HT, Mbogo C, et al. 
Implications of insecticide resistance for malaria vector control with long-
lasting insecticidal nets: a WHO-coordinated, prospective, international, 
observational cohort study. Lancet Infect Dis. 2018;18:640–9.

	14.	 Opondo KO, Weetman D, Jawara M, Diatta M, Fofana A, Crombe F, et al. 
Does insecticide resistance contribute to heterogeneities in malaria 
transmission in The Gambia? Malar J. 2016;15:166.

	15.	 Ōmura S, Crump A. Ivermectin and malaria control. Malar J. 2017;16:172.
	16.	 Chaccour C, Rabinovich NR. Ivermectin to reduce malaria transmission III. 

Considerations regarding regulatory and policy pathways. Malar J. 2017. 
https://​doi.​org/​10.​1186/​s12936-​017-​1803-2.

	17.	 Tesh RB, Guzman H. Mortality and infertility in adult mosquitoes after 
the ingestion of blood containing ivermectin. Am J Trop Med Hyg. 
1990;43:229–33.

	18.	 Chaccour C, Lines J, Whitty CJM. Effect of ivermectin on Anopheles 
gambiae mosquitoes fed on humans: the potential of oral insecticides in 
malaria control. J Infect Dis. 2010;202:113–6.

	19.	 Kobylinski KC, Deus KM, Butters MP, Hongyu T, Gray M, da Silva IM, et al. 
The effect of oral anthelmintics on the survivorship and re-feeding 
frequency of anthropophilic mosquito disease vectors. Acta Trop. 
2010;116:119–26.

	20.	 Kobylinski KC, Sylla M, Chapman PL, Sarr MD, Foy BD. Ivermectin mass 
drug administration to humans disrupts malaria parasite transmission in 
Senegalese villages. Am J Trop Med Hyg. 2011;85:3–5.

	21.	 Foy BD, Kobylinski KC, da Silva IM, Rasgon JL, Sylla M. Endectocides for 
malaria control. Trends Parasitol. 2011;27:423–8.

	22.	 González Canga A, Sahagún Prieto AM, Diez Liébana MJ, Fernández Mar-
tínez N, Sierra Vega M, García Vieitez JJ. The pharmacokinetics and inter-
actions of ivermectin in humans—a mini-review. AAPS J. 2008;10:42–6.

	23.	 Ozoe Y, Asahi M, Ozoe F, Nakahira K, Mita T. The antiparasitic isoxazoline 
A1443 is a potent blocker of insect ligand-gated chloride channels. 
Biochem Biophys Res Commun. 2010;391:744–9.

	24.	 Kilp S, Ramirez D, Allan MJ, Roepke RK, Nuernberger MC. Pharmacokinet-
ics of fluralaner in dogs following a single oral or intravenous administra-
tion. Parasit Vectors. 2014;7:85.

	25.	 Rohdich N, Roepke RKA, Zschiesche E, Article I, Url A, Central P, et al. A 
randomized, blinded, controlled and multi- centered field study compar-
ing the efficacy and safety of Bravecto (fluralaner) against Frontline 
(fipronil) in flea- and tick-infested dogs. Parasit Vectors. 2014;7:83.

	26.	 Merola VM, Eubig PA. Toxicology of avermectins and milbemycins (mac-
rocylic lactones) and the role of P-glycoprotein in dogs and cats. Vet Clin 
North Am Small Anim Pract. 2012;42:313–33.

	27.	 Bongiorno G, Meyer L, Evans A, Lekouch N, Bianchi R, Khoury C, et al. A 
single oral dose of fluralaner (Bravecto®) in dogs rapidly kills 100% of 
blood-fed Phlebotomus perniciosus, a main visceral leishmaniasis vector, 
for at least 1 month after treatment. Med Vet Entomol. 2020;34:240–3.

	28.	 Miglianico M, Eldering M, Slater H, Ferguson N, Ambrose P, Lees RS, et al. 
Repurposing isoxazoline veterinary drugs for control of vector-borne 
human diseases. Proc Natl Acad Sci USA. 2018;115:E6920–6.

	29.	 Gassel M, Wolf C, Noack S, Williams H, Ilg T. The novel isoxazoline ectopar-
asiticide fluralaner: selective inhibition of arthropod γ-aminobutyric 
acid- and L-glutamate-gated chloride channels and insecticidal/acaricidal 
activity. Insect Biochem Mol Biol. 2014;45:111–24.

	30.	 Queiroga TBD, Ferreira HRP, dos Santos WV, de Assis ABL, de Araújo Neto 
VT, da Câmara ACJ, et al. Fluralaner (Bravecto®) induces long-term mortal-
ity of Lutzomyia longipalpis after a blood meal in treated dogs. Parasite 
Vectors. 2020;13:609.

	31.	 Queiroga TBD, Gomez LCP, de Sena ER, dos Santos WV, Ferreira HRP, de 
Araújo-Neto VT, et al. Insecticidal efficacy of fluralaner (Bravecto®) against 
Triatoma brasiliensis, a major vector of Trypanosoma cruzi in Brazil. Parasite 
Vectors. 2021;14:456.

	32.	 Dreyer SM, Vaughan JA. Survival and fecundity of Anopheles stephensi 
and Anopheles albimanus mosquitoes (Diptera: Culicidae) after ingesting 
bovine blood containing various veterinary systemic parasiticides. J Med 
Entomol. 2022;59:1700–9.

	33.	 Sampaio VS, Beltrán TP, Kobylinski KC, Melo GC, Lima JBP, Silva SGM, et al. 
Filling gaps on ivermectin knowledge: effects on the survival and repro-
duction of Anopheles aquasalis, a Latin American malaria vector. Malar J. 
2016;15:491.

	34.	 Silva C, Baja K, Natalini C, Pereira K, Aguiar P. Mutação MDR1-nt230(del4) 
em cães da raça collie. Rev Iniciação Científica da ULBRA. 2011;230:23–8.

	35.	 Pinilla YT, C P Lopes S, S Sampaio V, Andrade FS, Melo GC, Orfanó AS, et al. 
Promising approach to reducing Malaria transmission by ivermectin: 
Sporontocidal effect against Plasmodium vivax in the South American 
vectors Anopheles aquasalis and Anopheles darlingi. PLoS Negl Trop Dis. 
2018;12:e0006221.

	36.	 Sampaio VDS, Rivas GBDS, Kobylinski K, Pinilla YT, Pimenta PFP, Lima JBP, 
et al. What does not kill it makes it weaker: effects of sub-lethal concen-
trations of ivermectin on the locomotor activity of Anopheles aquasalis. 
Parasite Vectors. 2017;10:623.

	37.	 Kobylinski KC, Foy BD, Richardson JH. Ivermectin inhibits the sporogony 
of Plasmodium falciparum in Anopheles gambiae. Malar J. 2012;11:381.

	38.	 Abbott WS. A method of computing the effectiveness of an insecticide 
1925. J Am Mosq Control Assoc. 1987;3:302–3.

	39.	 Gomez SA, Lucientes J, Castillo JA, Peris MP, Delacour S, Ortega P, et al. 
A randomized, blinded, controlled trial to assess sand fly mortality of 
fluralaner administered orally in dogs. Parasit Vectors. 2018;11:627.

	40.	 Casida JE, Durkin KA. Novel GABA receptor pesticide targets. Pestic 
Biochem Physiol. 2015;121:22–30.

	41.	 Weber T, Selzer PM. Isoxazolines: a novel chemotype highly effective on 
ectoparasites. ChemMedChem. 2016;11:270–6.

	42.	 Zhao C, Casida JE. Insect gamma-aminobutyric acid receptors and 
isoxazoline insecticides: toxicological profiles relative to the binding sites 
of [(3)H]fluralaner, [(3)H]-4’-ethynyl-4-n-propylbicycloorthobenzoate, and 
[(3)H]avermectin. J Agric Food Chem. 2014;62:1019–24.

https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/boletins-epidemiologicos/edicoes/2022/boletim-epidemiologico-vol-53-no17.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/boletins-epidemiologicos/edicoes/2022/boletim-epidemiologico-vol-53-no17.pdf
https://www.gov.br/saude/pt-br/centrais-de-conteudo/publicacoes/boletins/boletins-epidemiologicos/edicoes/2022/boletim-epidemiologico-vol-53-no17.pdf
https://doi.org/10.1186/s12936-017-1803-2


Page 10 of 10Alcântara et al. Malaria Journal          (2023) 22:337 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	43.	 Wang Q, Wang H, Zhang Y, Chen J, Upadhyay A, Bhowmick B, et al. Func-
tional analysis reveals ionotropic GABA receptor subunit RDL is a target 
site of ivermectin and fluralaner in the yellow fever mosquito. Aedes 
aegypti Pest Manag Sci. 2022;78:4173–82.

	44.	 Kilp S, Ramirez D, Allan MJ, Roepke RK. Comparative pharmacokinetics 
of fluralaner in dogs and cats following single topical or intravenous 
administration. Parasit Vectors. 2016;9:296.

	45.	 Dao A, Kassogue Y, Adamou A, Diallo M, Yaro AS, Traore SF, et al. Repro-
duction-longevity trade-off in Anopheles gambiae (Diptera: Culicidae). J 
Med Entomol. 2010;47:769–77.

	46.	 Cutler GC. Insects, insecticides and hormesis: evidence and considera-
tions for study. Dose Response. 2013;11:154–77.

	47.	 Garrett-Jones C. Prognosis for interruption of malaria transmission 
through assessment of the mosquito’s vectorial capacity. Nature. 
1964;204:1173–5.

	48.	 Hardin PE. Molecular genetic analysis of circadian timekeeping in Dros-
ophila. Adv Genet. 2011;74:141–73.

	49.	 Chaccour CJ, Ngha’Bi K, Abizanda G, Irigoyen Barrio A, Aldaz A, Okumu F, 
et al. Targeting cattle for malaria elimination: marked reduction of Anoph-
eles arabiensis survival for over six months using a slow-release ivermectin 
implant formulation. Parasite Vectors. 2018;11:287.

	50.	 Meyers JI, Gray M, Kuklinski W, Johnson LB, Snow CD, Black WC, et al. 
Characterization of the target of ivermectin, the glutamate-gated chlo-
ride channel, from Anopheles gambiae. J Exp Biol. 2015;218:1478–86.

	51.	 Taenzler J, Wengenmayer C, Williams H, Fourie J, Zschiesche E, Roepke RK, 
et al. Onset of activity of fluralaner (Bravecto™) against Ctenocephalides 
felis on dogs. Parasite Vectors. 2014;7:567.

	52.	 Fourie JJ, Liebenberg JE, Horak IG, Taenzler J, Heckeroth AR, Frenais R. 
Efficacy of orally administered fluralaner (Bravecto) or topically applied 
imidacloprid/moxidectin (Advocate®) against generalized demodicosis in 
dogs. Parasit Vectors. 2015;8:187.

	53.	 Bellinger AM, Jafari M, Grant TM, Zhang S, Slater HC, Wenger EA, et al. 
Oral, ultra–long-lasting drug delivery: application toward malaria elimina-
tion goals. Sci Transl Med. 2016;8:365ra 157.

	54.	 Meadows C, Guerino F, Sun F. A randomized, blinded, controlled USA field 
study to assess the use of fluralaner topical solution in controlling canine 
flea infestations. Parasit Vectors. 2017;10:36.

	55.	 Cox FE. History of the discovery of the malaria parasites and their vectors. 
Parasit Vectors. 2010;3:5.

	56.	 Ferguson HM, Mackinnon MJ, Chan BH, Read AF. Mosquito mortality and 
the evolution of malaria virulence. Evolution. 2003;57:2792–804.

	57.	 Bruce-Chwatt LJ. Malaria and its control: present situation and future 
prospects. Annu Rev Public Health. 1987;8:75–110.

	58.	 European Medicines Agency. European public MRL assessment report 
(EPMAR) for fluralaner (poultry). EMA/CVMP 567262/2016. Vol. 44. Lon-
don, UK; 2017

	59.	 Walther FM, Allan MJ, Roepke RKA, Nuernberger MC. The effect of food 
on the pharmacokinetics of oral fluralaner in dogs. Parasit Vectors. 
2014;7:84.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Effect of fluralaner on the biology, survival, and reproductive fitness of the neotropical malaria vector Anopheles aquasalis
	Abstract 
	Background 
	Methods 
	Results 
	Discussion 
	Conclusion 

	Background
	Methods
	Inclusion and collection of samples
	Drug acquisition
	Mosquito colony
	CL50 estimates
	Effects on reproduction capacity
	Effects on survival after treatment with fluralaner
	Data analysis

	Results
	LC50 estimates
	Effects on reproductive fitness
	Effects on survival after treatment with fluralaner (Bravecto ®)

	Discussion
	Conclusion
	Anchor 23
	Acknowledgements
	References


