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Abstract

The present study attempted to evaluate the practical experience and methods employed by Brazilian veterinary
practitioners for control of parasites. Twenty-one questions were asked of 403 veterinary practitioners based
in different climatic zones with reference to parasite epidemiology from the country. Administration of a
combination of drugs at three-month intervals was the most common regime recommended for prophylaxis
against gastrointestinal helminths, with a single treatment repeated after 15 days. Routine prophylaxis against
dog ectoparasites was recommended by 82.4% veterinary practitioners, and 46.6% changed the drug compound
used. Monthly prophylaxic treatments for ectoparasites, using systemic, topical and/or collar-impregnated drugs,
was recommended by 21.5% veterinary practitioners. Side-effects of ectoparasiticide-impregnated collars were
suspected by 58% of the veterinary practitioners. Isoxazolines were the most frequently used chemical group to
treat ectoparasites in dogs. Poor efficacy of fipronil in controlling ticks was suspected by 79.5% of the veterinary
practitioners. The isoxazolines and combination of anthelmintic compounds are the most common drugs to prevent
or treat ectoparasites and gastrointestinal nematodes, respectively. The suspect of the inefficacy of antiparasitic
drugs is shared among the veterinary practitioners from part of Brazil. Guidelines are needed, specifically for the
control of gastrointestinal helminths and ectoparasites in Brazilian dogs.

Keywords: Gastrointestinal nematodes, ectoparasites, dogs, antiparasitic drugs, control strategies.

Resumo

O presente estudo avaliou os métodos de controle empregados por médicos veterinarios clinicos para o controle
de parasitos de cdes no Brasil. Vinte e uma perguntas foram feitas a 403 veterinarios de diferentes regides do
pais. O uso de associa¢Bes de compostos ativos em intervalos de trés meses foi o mais recomendado para
profilaxia de helmintos gastrointestinais, repetido apds 15 dias. A profilaxia de rotina contra ectoparasitos foi
recomendada por 82,4% dos veterinarios, e 46,6% mudam rotineiramente o composto indicado. Tratamentos
profilaticos mensais para ectoparasitos, com produtos sistémicos, tdpicos e / ou impregnados com colar, foram
recomendados por 21,5% dos veterinarios. Os efeitos colaterais das coleiras impregnadas com ectoparasiticidas
foram relatados por 58% dos médicos veterinarios. As isoxazolinas foram o grupo quimico mais utilizado para
tratar ectoparasitos em cdes. A baixa eficacia do fipronil no controle de carrapatos foi suspeitada por 79,5%
dos médicos veterinarios. As isoxazolinas e a associagdo de compostos anti-helminticos sdo os medicamentos
mais comuns para prevenir ou tratar ectoparasitos e nematoides gastrointestinais, respectivamente. A suspeita
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Dog parasite control

da ineficacia dos antiparasitarios é compartilhada entre os médicos veterinarios de algumas regi6es do Brasil.
Orientagdes sdo necessarias, especificamente para o controle de helmintos e ectoparasitos gastrointestinais em
caes no Brasil.

Palavras-chave: Nematddeos gastrointestinais, ectoparasitos, cdes, antiparasitarios, estratégias de controle.

Introduction

Parasites are important global causes of infectious disease in dogs, in particular in warm and humid tropical
environments that provide optimal conditions for survival and development of free-living stages of a variety of
parasitic arthropods, protozoa and helminths, many associated with dogs (Dantas-Torres et al., 2020). Brazil is
the largest tropical country in the world, occupying a highly diverse land area; and has approximately 55.1 million
dogs (ABINPET, 2019; IBGE, 2019). These conditions are ideal for the completion of parasite life cycles and facilitate
disease transmission.

Several common canine gastrointestinal helminth (in particular, Toxocara canis and Ancylostoma spp.) and
arthropods (in particular, ticks, phlebotomine sand flies and mosquitoes) parasites are responsible for zoonotic
diseases in Brazil (Dantas-Torres & Otranto, 2014). Effective and sustainable gastrointestinal helminth and arthropod
parasite control is, therefore, a fundamental priority to ensure good states of welfare in dogs and reduce the potential
for zoonotic transmission (Chomel & Sun, 2011). Recognised best practice should involve both management, such
as addressing the sanitary conditions of the environment to interrupt parasite life cycles, and use of antiparasitic
drugs strategically targeted to account for factors involved in the parasites' life histories (Alho et al., 2018). However,
there is a global tendency among dog owners and veterinary practitioners to rely on the simpler option of regular
and non-targeted, one-fits-all antiparasitic drug treatments.

Guidelines have been elaborated for the treatment and control of companion animal parasites in north America,
Europe and Tropical regions under the auspices of the Companion Animal Parasite Council (CAPC) founded in
2002 (CAPC, 2019), the European Scientific Council Companion Animal Parasites (ESCCAP) founded in 2005 (ESCCAP,
2019), and the Tropical Council for Companion Animal Parasites (TroCCAP) founded in 2015 (Traub et al., 2015)
(TroCCAP, 2019). These guidelines were updated in 2020, with the notable addition of highlighting the need to
disseminate information to veterinary practitioners in tropical regions (Dantas-Torres et al., 2020).

Faced with the emergence of antiparasitic drug resistance (Furtado et al., 2014; Becker et al., 2019), Brazilian
veterinary practitioners have an important role in ensuring the sustainable control of the large diversity of
gastrointestinal helminths and arthropods that affect dogs. The present study, therefore, aimed to evaluate the
practical experience and methods employed by veterinary practitioners for parasite control in dogs in Brazil, using
a structured questionnaire format. This included questions that explored perceptions of drug efficacy and specific
side-effects. Critical knowledge gaps relating to the practicalities of diagnosis, treatment, and control of parasitic
diseases of dogs are identified with reference to better informing Brazilian veterinary practitioners.

Materials and Methods

Study population

There are 124,253 registered veterinary practitioners in Brazil, albeit the true number of these working with
companion animals is unknown (CFMV, 2019). In this context was used the formula to infinite population described
by Miot (2011) was to calculate a requirement to question 384 veterinary practitioners in order to generate
representative responses with a 95% confidence level (the true percentage of the population who would pick an
answer, Za/2=1.96) and a margin of error (referred to here as a confidence interval) of 5% (E= 0.05). The & was
considered as 0.5.

n=[(Za/2x5)+ET (M

A questionnaire survey was developed to explore theoretical knowledge and understanding of canine
parasitology as it pertains to situations that are routinely encountered in veterinary practices. The sample collect was
by convenience in two different moments. Firstly, the questionnaire was delivered online to veterinary practitioners
working with companion animals, and publicised through social media and personal mailing lists of the Brazilian
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authors. In addition, veterinary practitioners who participated in the Brazilian Conference of Small Animals Clinic
(BCSAC) in 2018 were invited to fill out the questionnaire in printed form. Because of the type of sampling and
mainly because of the BCSAC audience, the sample studied may not represent the entire population of Brazilian
veterinary practitioners. This methodological bias must be considered in this study. The respondents could freely not
answer any questions, or give up on completion at any stage. Duplicate responses were excluded, along with those
from veterinary practitioners without a professional registration number, or from another country. All responders
freely consented to their participation in the survey and personal data were not exposed. All personal data were
handled only by two members of the research team, further ensuring total data protection and anonymity. All data
were handled according to Brazilian data protection law current at the time of the survey.

Questionnaire structure

The questionnaire was designed first to obtain data pertaining to inclusivity, and to gauge the respondents’
attitudes towards parasite control. This was followed by 13 closed, six open and two mixed questions that were
subdivided into two sections according canine gastrointestinal helminth or arthropod parasites (Supplementary
material). Parasitic protozoa and Dirofilaria immitis were not the focus of the present study to avoid potential
confusion with the diagnosis and management of gastrointestinal helminth and tick-borne parasites. Specific
risk factors such as host age, hygiene and environmental conditions were also not analysed in the present study.

Questions in the gastrointestinal helminth section explored knowledge and attitudes towards coproparasitological
examination, principles of antiparasitic drug use, anthelmintic resistance mitigation, and perceptions of drug
efficacy. Questions in the arthropod section explored knowledge of and attitudes towards common ectoparasite
infestations, treatment and prophylaxis regimes using systemic, topical and/or impregnated collar formulations,
drug side-effects, drug resistance or tolerance mitigation strategies, and suspicion of drug inefficacy. More than
one response was possible for questions about common ectoparasites and antiparasitic drug use, and suspicion
of inefficacy. The questionnaire was piloted and refined with seven veterinarians, and the final version is shown
in the supplementary material.

Data analysis

Five hundred and thirty-two responses were received. One duplicate entry, 123 responses from unregistered
veterinary practitioners (veterinary students, or failure to provide a professional registration number), and five
responses from non-Brazilian veterinarians were removed, leaving a total of 403 responses from veterinary
practitioners based across Brazil (5% more than the calculated target). Acomparison of the number of responders
and the distribution of the Brazilian population (IBGE, 2012) of each geographic region was performed using
Chi-square to demonstrate that the sample was representative of the country. The responses were coded and
transformed into spreadsheets using Epi-Info® software 7.2.2.6 (Centres for Disease Control and Prevention; USA).
Drugs that were described by label name were identified using the SINDAN website (SINDAN, 2019) and entered
according to the active compounds. The final data were summarised into percentages, and Chi-square and Fisher's
exact tests were used to perform pairwise comparisons between categories of the same independent variable
proportions. A p value < 0.05 was considered as statistically significant. Analyses were performed using GraphPad
Prism 7.0 (Graphpad Software, Inc., San Diego, CA, USA).

Distribution maps of responders and of suspected fipronil resistance in each state and Brazilian biomes were
created using the program QGis 3.14. The shapes of Brazilian biomes and states were obtained from the Brazilian
Institute of Geography and Statistics (IBGE) database (https://portaldemapas.ibge.gov.br/portal.php#homepage)
(IBGE, 2019).

Results

The 403 respondents were veterinary practitioners working in 149 municipalities (from the total of
5,568 municipalities of Brazil) from 24 of the 27 Brazilian states, distributed proportionally according to Brazilian
population across each political region (Figure 1A). Of the six official biomes present in Brazil, no responses were
received from Pantanal (Figure 1A), which represents only 1.8% of the total Brazilian territory area (IBGE, 2019).
Analysis of the data by biome was not the purpose of the present study and was not performed; nevertheless
the description of responses from different Brazilian biomes was important to demonstrate that the data were
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Figure 1. Distribution of the number of responders (A) and reports of inefficacy suspicious of fipronil against ectoparasites
(B) in different states and biomes of Brazil.
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representative. Two hundred and eighty-eight (71.4%) of these respondents stated (from a veterinary practitioner
perspective) that dog owners consider parasite control to be important.

Gastrointestinal helminth control practices

The drugs used by Brazilian veterinary practitioners for treatment or prophylaxis of canine gastrointestinal
helminths are shown in Table 1. Each drug was considered as one response and multiple responses were accepted
giving rise to 495 responses describing recommended drugs. The multiple responses were not considered as
concomitant treatments. Drug combinations were deduced from commercial brands. 32.3% of the responses
recommended treatment with a single drug active (n=160 from benzimidazoles, pyrazinoisoquinoline, pyrimidine
and macrocyclic lactone chemical groups) and 62.2% recommended the use of drugs with combinations of
compounds (n=308). A combination of praziquantel plus pyrantel plus febantel was most commonly used with
25.3% recommendation by Brazilian veterinary practitioners. Treatments with a single active, such as praziquantel
(7.9%), ivermectin (5.7%) and albendazole (5.1%) were recommended by some veterinary practitioners.

Eighty-three respondents (20.6%) perceived anthelmintic inefficacy, and a further five respondents who reported
suspected inefficacy of two drugs. Inefficacy was suspected for benzimidazole drugs (28.4%), combinations of drugs
(23.9%) and, macrocyclic lactones (12.5%) (Table 1). Despite the large range of anthelmintic compounds available
in Brazil, only 57.0% of the respondents routinely changed the drug that they recommended.

Table 1. The percentages and number of responses (in bracket) showing the chemical groups and drug compounds recommended
by Brazilian veterinarians for treatment and prophylaxis of canine gastrointestinal helminths and suspicion of inefficacy.

Chemical group / compound Recommended! Suspect inefficacy?
Benzimidazoles 14.3 (71)8 28.4 (25)~
Albendazole 5.1 (25)< 8.0 (7)?
Fenbendazole 2.2(11)¢ 8.0(7)?
Febantel 4.2 (21)de 2.3(2)°
Mebendazole 2.8 (14) 10.2 (9)2
Pyrazinoisoquinoline 7.9 (39)¢ 9.1 (8)¢
Praziquantel 7.9 (39) 9.1 (8)2F
Pyrimidine 2.2 (11)° 10.2 (9)¢
Pyrantel 2.2(11)e 10.2 (9)2°
Macrocyclic lactone 7.9 (39)¢ 12.5 (11)B¢
Ivermectin 5.7 (28)< 10.2 (9)2P
Milbemycin oxime 2.2(11)e 2.3 (2P
Combinations 62.2 (308)~ 23.9 (21)*8
Praziquantel+Febantel 4.0 (20)de -
Praziquantel+Febendazole 2.2(11)¢ -
Praziquantel+Pyrantel 7.9 (39) 8.0 (7)*®
Praziquantel+Pyrantel+Febantel 25.3(125)° 9.1 (8)*
Praziquantel+Pyrantel+Fenbendazole 15.6 (77)° 3.4 (3)P
Praziquantel+Pyrantel+Febantel+lvermectin 7.3 (36)° 3.4 (3P
Others 5.5 (27)<4c 15.9 (14)28¢

'Recommendations based on a total of 495 responses (multiple responses were allowed); 2Suspicion of inefficacy based on a total of 88 responses
(multiple responses were allowed). In bold the total number of responses by chemical group or combination. The different letters signify statistical
differences with p <0.05, being lower letters among the compounds and capital letters among the chemical group or combination.
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The regimes used by interviewed veterinary practitioners for the prophylaxis and treatment of canine
gastrointestinal helminths are shown in Table 2. More respondents (46.1%) recommended administration of
prophylactic treatments at 3-month intervals. More respondents (60.7%) recommended repeating drug administration
after 15 days for the treatment of gastrointestinal nematode infections. Less the half (43.5%) of veterinary practitioners
requested laboratory examination to confirm parasite species infection before the treatment (Table 2). Those
veterinary practitioners who requested laboratory confirmation, did so once (15.9%), or twice a year (21.1%).

Table 2. The percentages and number (n) of responses (in bracket) of Brazilian veterinarian regimes of recommendations to
control canine gastrointestinal helminths.

Regimes % (n)

Prophylaxis of gastrointestinal helminth

Every month 18.8 (76)°
Every 3-months 46.1 (186)?
Every 6-months 21.8 (88)°
Other (irregular intervals) 13.1 (53)¢
Treatment of gastrointestinal helminth

Treatment and repeat after 15 days 60.7 (245)?
Treatment for three consecutive days 18.8 (76)°
Treatment for three consecutive days and repeat after 15 days 8.9 (36)
Other (irregular intervals) 10.9 (44)
Not answer 0.5 (2)¢
Request laboratory examination

No 52.6 (212)?
Every 3-months 6.0 (24)
Every 6-months 21.1(85)°
Once ayear 15.9 (64)°
Other (irregular intervals) 0.5 (2)¢
Not answer 4.0 (16)

The different letters signify statistical differences with p <0.05 among different action for the same regime.

Control practices against ectoparasites

The most frequently reported canine ectoparasites were ticks followed by fleas, mites and lice (Figure 2).
The drugs used for treatment or prophylaxis of canine ectoparasitic infestations are shown in Table 3. Each
drug was considered as one response and multiple responses were accepted, resulting in 750 responses for
recommended drugs. Isoxazolines were the most frequently recommended ectoparasiticide drug active (60.7%),
followed by fipronil (14.5%).

Two hundred and five respondents suspected of poor efficacy. Fipronil inefficacy was suspected by
163 respondents (79.5%) in the 19 Brazilian states with highest densities of dogs and highest numbers of
respondents (Figure 1B). Suspicion of inefficacy of the recently launched isoxazoline compounds was reported by
seven respondents (3.4%) (Table 3).

Prophylaxis against ectoparasitic infestations was recommend by 333 (82.7%) of the Brazilian veterinary
practitioners. The regimes used by Brazilian veterinary practitioners for the prophylaxis of canine ectoparasites
are shown in Table 4. A minimum of monthly systemic, topical and/or drug impregnated collar treatments was
recommended by 87 respondents (21.5%), followed by three-monthly treatments recommended by 83 (20.6%).
However, 93 respondents (23.0%) recommended treatments at irregular times.

One hundred and eighty-eight respondents (46.6%) frequently changed the drug products (but not necessarily the
actives) used. Skin irritation caused by acaricide/insecticide impregnated collars was reported by 234 respondents
(58%). Three hundred and seventy-two of the veterinary practitioners (92.3%) recommended environmental hygiene
management alongside prophylactic or therapeutic drug use for canine ectoparasites.
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Figure 2. Frequency of the most common ectoparasites in dogs reported by veterinary practitioners from Brazil. Multiple
responses were allowed. The different letters signify statistical differences with p <0.05.

Table 3. The percentages and number of responses (in bracket) of the chemical group (in bold) and drug compounds
recommended and suspect inefficacy used by Brazilian veterinarians to treat canine ectoparasites.

Chemical group / compound Recommended® Suspect inefficacy?
Phenylpyrazol 14.5 (109)° 79.5 (163)
Fipronil 14.5 (109)¢ 79.5 (163)°
Isoxazolines 60.7 (455)* 3.4 (7)¢
Afoxolaner 14.0 (105) 3.4(7)
Fluralaner 26.0 (195)° -
Sarolaner 20.7 (155)P -
Pyrethroids 4.3 (32)° 6.3 (13)8¢
Deltamethrin 2.8 (21) 2.9 (6)
Permethrin 1.5011)" 3.4(7)
Macrocyclic lactone 6.1 (46)° -
Ivermectin 1.3 (10) -
Selamectin 4.8 (36)¢ -
Combinations 5.5 (41)° -
Imidacloprid, flumethrin 3.6 (27)%f -
Imidacloprid, methoprene 1.9 (14)e" -
Others 8.9 (67)4c¢ 10.7 (22)°®

Multiple responses were allowed with 750 (') responses to recommend, and 205 (?) responses suspect of inefficacy. In bold the total number
of responses by chemical group or combination. The different letters signify statistical differences with p <0.05, being lower letters among the
compounds and capital letters among the chemical group or combination.

Table 4. The percentages and number (n) of responses (in bracket) of regimes used by Brazilian veterinarians for prophylaxis
of canine ectoparasites.

Regimes % (n)
Prophylaxis of ectoparasites
Every month 21.5 (87)°
Every 3-months 20.6 (83)°
Every 6-months 17.3 (70)°
Other (irregular intervals) 23.0(93)?
Not answer 17.3 (70)°

The different letters signify statistical differences with p <0.05.
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Discussion

The climatic conditions in tropical areas are favourable to the development of environmental parasite stages,
resulting in high levels of infectious challenge (Robinson et al., 1989; Epe, 2009). In Brazil, dogs from different regions
are hosts for a large number of pathogenic flea, louse, mite, tick and fly ectoparasites, and tapeworm and roundworm
gastrointestinal endoparasites (Dantas-Torres & Otranto, 2014). Effective control regimes specific to Brazilian dogs
are essential to ensure satisfactory states of animal welfare (Despommier, 2003; Epe, 2009). The value of antiparasitic
drugs is threatened by the emergence of resistance or tolerance; hence recommendations must account for
responsible and potentially sustainable therapeutic and prophylactic drug use. In this report, we describe the first
wide-scale survey of Brazilian veterinary practitioners’ practices and attitudes towards canine parasite management.

Dog owners have an important role to play, as they are responsible for putting recommendations into practice.
According to 71.4% of the veterinarians surveyed, dog owners are concerned about the impact of highly visible
ectoparasites (Costa-Junior et al., 2012; Heukelbach et al., 2012) and gastrointestinal helminths on their animals.
Similarly, half of the pet owners from a study in Canada had concern for their pet's parasites, and the veterinarians
are the primary sources of owner education (Evason et al., 2021).

Veterinary practitioners have an important role to play in educating pet owners with different financial and
educational backgrounds (Pereira et al., 2016) about parasites, which present animal welfare and public health
risks (Strube et al., 2019). However, it is imperative to add owner’s education in a routine of veterinary practice
to reduce the risk of pet parasitism and zoonoses (Palmer et al., 2010; Baneth et al., 2012). On the other hand,
veterinarian’'s education and scientific updating are also necessary to improve the knowledge and consequently
the control of pet parasitism and zoonoses (Overgaauw & Boersema, 1996).

It has been recommended that all dogs should be tested for gastrointestinal parasites at least once every
three months and after administration of anthelmintic drugs (TroCCAP, 2019), to account for continuous
reinfection (Little et al., 2009) as prevails in Brazil. Despite this recommendation, 52.6%, of the Brazilian veterinary
practitioners did not request coproparasitological examination and the majority simply recommended fixed interval
treatments. In other countries, the proportion of veterinary practitioners that recommend the treatment without
a coprological diagnostic increased in the last years (Kornblatt & Schantz, 1980; Harvey et al., 1991; Stull et al.,
2007). The coprological diagnosis of gastrointestinal parasites of dogs in Brazil is predominantly based on relatively
inexpensive sedimentation or floatation methods. Better understanding is needed concerning why these are not
widely adopted, for example due to potential inaccessibility or perceptions of poor sensitivity.

Prophylaxis for gastrointestinal helminths was performed every 3-months by 46% of the veterinary practitioners
and 61% recommended repeat treatments after 15 days (Table 4). This repetition is necessary because most of
the products recommended have reduced action against immature or migratory stages, for example pyrantel only
targets intestine stages while benzimidazoles have short half-lives (Plumb, 2018). The high rate of non-targeted
drug administration by Brazilian veterinary practitioners, could potentially result in a high selection pressure for
anthelmintic resistance (Shalaby, 2013), especially in tropical and subtropical regions that have a favorable conditions
for the development of gastrointestinal parasites (Klimpel et al., 2010; Dantas-Torres & Otranto, 2014; Alho et al.,
2018). Dogs owners from Belgium, Netherlands, and Finland had lower anthelmintic treatment frequency than
in the present study (Pullola et al., 2006; Lempereur et al., 2020), which can be justified by epidemiology and risk
factors of the nematodes in these temperate countries. Nevertheless, the number of dogs deworm in the UK is
similar to Brazil, demonstrating that there is also an owner behavioral aspect (Pennelegion et al., 2020).

Regional specific knowledge of the epidemiology of parasites is necessary to inform appropriate drug treatment,
reducing the selection pressure for resistance. Simply increasing the frequency of treatment incurs increased costs
and potentially increases the selection pressure for resistance. Resistant strains of Ancylostoma caninum and Dipylidium
caninum have been reported in the USA (Jesudoss Chelladurai et al., 2018; Jimenez-Castro et al., 2019; Kitchen et al.,
2019). A mutation in a B-tubulin gene has been reported linked benzimidazole resistance in A. caninum from Brazil
(Furtado et al., 2014). It is, therefore, necessary to monitor to the effectiveness of anthelmintic drugs used in the
management of canine gastrointestinal helminths in order to respond to emergence of resistance (Kopp et al., 2007).

Anthelmintic drug treatments of puppies for the control of maternally transmitted nematodes should start at
the age of two weeks old, and be repeated every 15 days until the age of eight weeks (TroCCAP, 2019). Thereafter,
treatments should be monthly in areas with high prevalence of gastrointestinal helminths (TroCCAP, 2019).
For these strategies, 62.2% of the participating veterinary practitioners recommended the use of anthelmintic
drug combination products, in particular involving praziquantel plus pyrantel plus a benzimidazole drug (Table 1),
which is similar to that used in veterinary practice in other countries (Matos et al., 2015). Combinations of broad
spectrum anthelmintics are required to treat the polyparasitism that it commonly encountered in Brazilian kennel
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dogs. This strategy is also potentially helpful in achieving improved, additive efficacy, decreased toxicity, and reduced
development of drug resistance (Bartram et al., 2012; Rinaldi et al., 2015; Lanusse et al., 2018).

According to the veterinary practitioners’ perspective, ticks, followed by fleas, mites and lice are the mostimportant
ectoparasites of dogs in Brazil (Figure 2). In the same way, Rhipicephalus sanguineus sensu lato, Ctenocephalides
canis and Ctenocephalides felis felis are considered the most common canine ectoparasites worldwide, albeit the
prevalence and importance of infestation differ according to the geographic region of dogs (Costa-Junior et al., 2012;
Ebrahimzade et al., 2016).

Regular use of ectoparasiticides is widely recommended to protect dogs against ectoparasites and the
pathogens that they transmit (CAPC, 2019). 82.7% of the respondents recommend the use of ectoparasiticide
products (impregnated collars, pour-ons, spot-ons or tablets) as a prophylactic measure, with 21.5% recommending
administration every month and 20.6% recommending three-monthly treatments.

Brazil is an endemic area for canine visceral leishmaniasis and dogs serve as a source of infection for
phlebotomine sand flies (Rocha et al., 2020). The use of insecticide impregnated dog collars, which have both an
anti-feeding and insecticidal activity is considered to be a useful tool for canine control of leishmaniasis (David et al.,
2001). In addition to being used as an insecticide against sand flies, these collars are also recommended for tick
and flea control (Silva et al., 2018). The dog collars constantly release the active chemical; and long half-life residues
may be responsible for the selection of resistance in ticks (Beirdo et al., 2009). 58% of the veterinary practitioner
respondents had noticed skin irritation in dogs as a side-effect to collars.

The present study addresses the frequency of application or administration of acaricides in dogs in Brazil.
The most frequently recommended drugs for the control of ectoparasites were fluralaner (26%), sarolaner (20.7%),
afoxolaner (14%), and fipronil (14.5%). Slightly more than half of respondents recommend the rotation of these
principles. Interestingly, all of the drugs mentioned in the control of ectoparasites, with the exception of fipronil,
are the latest to be released on the market. Frequent use of ectoparasiticides may exert a selection pressure for
resistance or tolerance in tick populations (Rodriguez-Vivas et al., 2017; Becker et al., 2019).

Several studies have shown resistance of R. sanguineus s.l. to permethrin in the USA (Eiden et al., 2016),
cypermethrin and coumaphos in Brazil (Borges et al., 2007), amitraz in Panama (Miller et al., 2001), and ivermectin
in Mexico (Rodriguez-Vivas et al., 2017). In Brazil, the first report of R. sanguineus s.l. resistance to fipronil was
recently published (Becker et al., 2019), supporting the veterinary practitioners’ perceptions of inefficacy of in this
study (Table 3). The suspicion of inefficacy of recently introduced isoxazolines is noteworthy.

Almost all of the veterinary practitioner respondents recommend environmental management for the control of
ectoparasites in dogs in Brazil. The knowledge that ticks and fleas are non-permanent parasites makes it necessary
to consider the management of environmental stages (Dantas-Torres & Otranto, 2014). Despite the variety of
available products with proven efficacy against canine ectoparasites, there are no guidelines for the control of
ectoparasites in the environment that take into account the different regions of Brazil. It is necessary to remind
veterinary practitioners that the chemical control of other arthropods that co-infect dogs is more complex, and that
the misuse of these compounds can cause environmental pollution and toxicity to humans and other organisms
(Dantas-Torres & Otranto, 2014; Paz et al., 2008).

This study shows the wide use of antiparasitic products and treatment regimens for parasite control in dogs
in Brazil. The isoxazoline and combination of anthelmintic compounds are the most common drugs to prevent
or treat ectoparasites and gastrointestinal nematodes, respectively. The suspect of the inefficacy of antiparasitic
drugs is shared among the veterinary practitioners from Brazil. It is necessary to improve awareness of the use of
antiparasitic products that require the attention of veterinary practitioners and industry to applied effective and
sustainable parasite control strategies.
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