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As infeccBes parasitarias tém um lugar de destaque quando se trata de sanidade de equinos,
devido aos prejuizos econdmicos e sanitarios que acomete, bem como alteram o desempenho
atlético dos animais. O tratamento de infec¢fes causadas por nematddeos é baseada no uso de
antiparasitarios (ATP). Porém, o uso indiscriminado e inadequado destes farmacos, tem levado
a resisténcia parasitaria aos anti-helminticos. O objetivo deste estudo foi avaliar a eficacia das
principais classes de ATP, incluindo: benzimidazois (febendazol), pirimidinas (pamoato de
pirantel), lactonas macrociclicas (ivermectina e moxidectina), bem como a combinacao de dois
principios ativos, ivermectina e pamoato de pirantel, empregados no controle sanitario, em
equinos adultos e jovens provenientes de ambientes militares. O estudo foi realizado em
propriedades militares, localizadas nos municipios de Itaara e S0 Borja, RS, no periodo de
janeiro a dezembro de 2018. Os intervalos entre os tratamentos dos animais eram realizados de
4 semanas a 90 dias e a rotacdo dos principios ativos dos anti-helminticos era executada a cada
tratamento. As avaliacGes coproparasitologicas foram determinadas pelo teste de reducdo da
contagem de ovos nas fezes (R-OPG), e a obtencdo e identificacdo dos géneros e espécies dos
helmintos prevalentes nos estabelecimentos foi realizada pela técnica de Baermann
(coprocultura). Os resultados obtidos demonstraram a resisténcia parasitaria de ciatostomineos
ao febendazol e moxidectina nos animais adultos e jovens, ao pamoato de pirantel nos animais
adultos. Entretanto, a ivermectina resultou inconclusivo nos animais jovens. A deteccdo da
resisténcia anti-helmintica encontrada na populacdo estudada demonstrou a necessidade de
estabelecer um controle parasitario adequado, a fim de reduzir custos desnecessarios,
retardando o desenvolvimento da resisténcia aos ATP, aléem de reduzir perdas causadas pelos
parasitos.

Palavra - chaves: equinos, parasitos, eficacia anti-helmintica, resisténcia parasitaria.



ABSTRACT

EFFECTIVENESS OF ANTIPARASITARIOS USED IN THE PARASITICAL CONTROL
OF EQUINES FROM MILITARY ESTABLISHMENTS OF THE STATE OF RS

AUTHOR: Alexandra Geyer Flores
ORIENTER: Luis Ant6nio Sangioni

Parasitism has a prominent place when it comes to horse health, due to the consequent damages
caused by gastrointestinal parasites. The treatment of infections caused by nematodes is based
on the use of antiparasitics. However, the indiscriminate and inappropriate use of these drugs
has led to signs of parasitic resistance to anthelmintics. The objective of this study was to
evaluate the efficacy of the main classes of antiparasitic agents (ATP) including:
benzimidazoles (febendazol), pyrimidines (pirantel pamoate), macrocyclic lactones (ivermectin
and moxidectin), as well as the combination of two active principles, ivermectin and pirantel
pamoate, used in parasitic control in adult and young horses from military environments. The
study was carried out in military properties, located in the municipalities of Itaara and S&o
Borja, RS, from January to December 2018. The intervals between the treatments of the animals
were performed from 4 weeks to 90 days and the rotation of the active principles of the anti-
helminths was done at each treatment. Coproparasitological evaluations were determined by
the fecal egg count reduction (R-OPG) test, and the determination of prevalent helminth genera
and species in establishments. The results obtained demonstrated the parasitic resistance of
cystostomines to febendazole, moxidectin in young animals, to pirantel pamoate in adult
animals. However, ivermectin was inconclusive for young horses and moxidectin in adult
animals. The detection of the anthelmintic resistance found in the studied population
demonstrated the need to establish adequate parasitic control in order to reduce unnecessary
costs, delaying the development of ATP resistance, and reducing losses caused by parasites.

Key - words: equines, parasites, antihelminthic effectiveness, parasitic resistance.
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1 INTRODUCAO

As infecgBes parasitarias representam significativas perdas econdmicas na criagdo de
equinos, acometendo os animais tanto de forma direta devido a doenca clinica, como diarreia e
cdlica, quanto de forma indireta, por perda de condicéo fisica e performance (BARRET et al.,
2004). Os sistemas extensivos e/ou semi-intensivos de criacdo de equinos favorecem a grande
incidéncia de infecgdes parasitarias, ja nas primeiras semanas de vida (MOLENTO, 2005).

Os equinos sdo susceptiveis a uma variedade de géneros de endoparasitas que se
localizam em diferentes regifes do trato gastrointestinal. Os parasitos do estbmago de maior
ocorréncia incluem: Draschia megastoma, Habronema muscae e Trichostrongylus axei.
Contudo, Strongyloides westeri, Strongylus spp., Parascaris equorum, Anoplocephala spp.
parasitam o intestino delgado; e Anoplocephala spp., Oxyuris equi, Strongylus spp. e pequenos
estrongilos (ciatostomineos) parasitam o intestino grosso (MOLENTO, 2005; NIELSEN,
2014).

Na atualidade, os parasitos mais importantes para 0s equinos, sdo 0s nematddeos da
familia Strongylidae, devido a sua onipresenca, patogenicidade e prevaléncia (PEREGRINE,
2014). A estrongilidose equina é uma das parasitose mais frequentes, sendo a doenca
caracterizada como uma sindrome, denominada de Ciatostominose, provocada por
estrongilideos da subfamilia Cyathostominae. Esses grupos de parasitos sdo especialmente
importantes devido a sua alta taxa de morbilidade e/ou mortalidade que pode ocasionar nos
animais especialmente os mais jovens. Isto se deve a diversidade de géneros e especies,
periodos pré patentes, especificidade do seu ciclo biolégico com formas hipobioticas e em
situacOes de resisténcia aos antiparasitarios (MADEIRA DE CARVALHO, 2006).

Comumente 0s equinos ndo exibem sinais clinicos da infec¢do (assintomaticos), porém,
dependendo da carga parasitaria, 0s helmintos podem causar perda de peso, desidratacéo,
anemia, edema subcuténeo, pirexia, diarreia, colicas e até a morte do animal (CANEVER et al.,
2013; SCARE et al., 2018).

Atualmente, existem trés classes principais de antiparasitarios (ATP) de emprego em
equinos para controle parasitario, sendo: os benzimidazéis (oxibendazol, albendazol,
febendazol), as pirimidinas (pamoato de pirantel) e as lactonas macrociclicas (ivermectina,
abamectina e moxidectina) (CANEVER et al., 2013).

O controle parasitario adotado na maioria dos estabelecimentos de equinos baseia-se na

utilizagdo de compostos antiparasitérios, os quais reduzem a populagdo parasitaria, eliminando



0s ovos das fezes e consequentemente diminuem a contaminacdo do meio ambiente. (LYONS
et al., 1999). Nos estabelecimento militares o controle parasitario também é baseado no uso de
antiparasitarios além de ocorrer uma grande rotacdo de principios ativos destes compostos
antiparasitarios.

Os cuidados sanitarios empregados aos animais auxiliam os criadores de equinos a
reduzirem os prejuizos, e devem levar em consideracao a estacdo do ano, condicGes climaticas
e métodos de manejo. A frequente administracao dos antiparasitarios, de forma indiscriminada,
sem um monitoramento da eficacia do principio ativo, favorece a instalacdo da resisténcia
parasitaria, constituindo uma consequéncia inevitavel a esse modelo de tratamento com
constantes prejuizos econémicos (MOLENTO, 2005; NIELSEN, 2012; CANEVER et al.,
2013).

Quando uma droga ndo consegue manter a mesma eficacia contra os parasitas, se
utilizadas nas mesmas condicdes e apos um determinado periodo de tempo, denominamos este
fendmeno de resisténcia parasitaria. Existem varios estudos de resisténcia parasitaria em
helmintos de equinos relatados mundialmente (MOLENTO, 2005; PEREGRINE et al., 2014)

A verificagdo de géneros e espécies de helmintos através da identificacdo de larvas
infectantes das fezes dos animais € de bastante relevancia, pois desta forma é possivel obter
informacGes sobre a atual condicdo da resisténcia parasitaria da populacéo de equinos, podendo
fornecer dados epidemioldgicos para identificar parasitos resistentes de uma determinada
regido geografica.

Sendo assim, este estudo teve por objetivo avaliar a eficacia das principais classes de
antiparasitarios empregados no controle parasitario, em equinos jovens e adultos, incluindo: os
benzimidazdis (febendazol), as pirimidinas (pamoato de pirantel), as lactonas macrociclicas
(ivermectina, moxidectina e abamectina), bem como a associa¢do de dois principios ativos,
ivermectina e pamoato de pirantel de animais provenientes de estabelecimentos militares do
Rio Grande do Sul.
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2 REVISAO BIBLIOGRAFICA

2.1 IMPORTANCIA DOS PRINCIPAIS PARASITOS GASTROINTESTINAIS DOS
EQUINOS

Os helmintos gastrointestinais de equinos séo onipresentes e cosmopolitas. O controle
das parasitoses requer constante atencdo dos criadores. A endoparasitose é considerada uma
importante causa de doencas em equinos. As populacGes de helmintos estdo presentes em
grande quantidade e apresentam uma grande variedade de parasitos, ocorrendo em diferentes
condicdes climéticas ou geogréaficas, assim como observado nos Estados Unidos por Nielsen,
(2012) e no Brasil por Canever et al., (2013).

Os equinos criados de forma extensiva sdao infectados por parasitos que estdo no
ambiente, desde as primeiras semanas de vida (MOLENTO, 2005; NIELSEN, 2012;). A
infeccdo parasitaria pode provocar disturbios alimentares como a reducdo da digestdo e da
absorcdo dos nutrientes; alteracGes digestivas, como diarreia e perda de peso; reacdo alérgica
decorrente do metabolismo dos parasitos; trauma resultante tanto da migracdo parasitaria
tecidual bem como da fixacdo dos parasitos a mucosa intestinal, pneumonias e agente primario
da hemorragia pulmonar induzida por exercicio, assim como, irritacdo e hemorragias intestinais
que podem levar a injdrias intestinais e morte do animal (KAPLAN & NIELSEN, 2010;
BOWMAN, 2014).

Os parasitos de maior importancia e prevaléncia nos equideos, pertencem a familia
Strongylidae, mais comumente denominados de estrongilideos. Isto se deve a sua onipresenca,
patogenicidade e contaminacdo ambiental (LICHTENFELS, 2008). Em um populacdo de
helmintos, os estrongilideos constituem 67 a 100% do total de nematddeos que podem ser
encontrados no intestino de qualquer espécie de equideo, constituindo uma comunidade
parasitaria frequente (MADEIRA DE CARVALHO, 2006). O parasitismo dessa espécie
apresenta uma distribuicdo binominal, ou seja, em uma populacdo de equinos, a maior carga
parasitaria esta concentrada em uma pequena quantidade do rebanho e a maioria dos animais

esta infectado com uma baixa carga parasitaria (VERA, 2014).
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2.2 PRINCIPAIS GENEROS

Os nematddeos de equinos pertencem a 7 subordens, 12 familias, 29 géneros e 83
espécies, sendo a grande maioria dos parasitos pertencentes a familia Strongylidae (19 de 29
géneros e 64 de 83 espécies) (LICHTENFELS, 2008).

2.2.1 Grandes estrongilos

O género Strongylus também conhecido como grandes estréngilos, compreende as
espécies S. equinus, S. edentatus, S. vulgaris, 0s quais parasitam o ceco e colon. Sao os parasitos
mais patogénicos para 0s equinos, porém menos prevalentes (BOWMAN, 2014). S. vulgaris é
0 parasita gastrointestinal considerado mais patogénico dos grandes estréngilos, devido sua
extensa migracdo no sistema arterial mesentérico. As lesdes causadas por larvas de S. vulgaris
no sistema arterial constituem em endoarterites e tromboembolias, resultando em colicas e
infarto intestinais. O periodo pré-patente é de 6 a 7 meses. (ANDERSEN, 2013; MATHEWS,
2014). S. edentatus, causa alteracfes hepaticas devido a migracdo de L3 para o parénquima
hepatico. As larvas migram pelo periténio, e apos 6-8 semanas pds-infeccdo encontram-se
alojadas ao redor do ligamento hepato-renal. O periodo pré-patente é de 10 a 12 meses.
Comparado com as outras duas espécies, pouco se tem relatado na literatura sobre a migragéo
larval de S. equinus. Aparentemente, durante a migracéo as larvas formam nodulos na mucosa
do intestino e invadem o figado e pancreas antes de retornarem para a luz do intestino grosso.
O periodo pré-patente € de 8 a 9 meses (MCCRAW E SLOCOOMBE, 1974).

2.2.2 Pequenos estrongilos

O género Cyathostominae conhecidos como ciatostomineos ou pequenos estrongilos
sdo considerados os helmintos de maior importancia epidemiolégica devido ao fato de
apresentar potencial patogénico, grande prevaléncia e capacidade de desenvolver resisténcia
parasitaria (LESTER et al., 2014). Esses parasitos sdo considerados responsaveis por
aproximadamente 95-100% dos ovos de estrongilos encontrados nas fezes de equinos e no meio
ambiente (PEREGRINE et al., 2014). As larvas infectantes (L3) sdo ingeridas na vegetagéo

pelo hospedeiro. Posteriormente, se aderem a mucosa intestinal, podendo causar sinais clinicos
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e até a morte dos animais. Na menor presenca destas larvas a infecgdo pode ser caracterizada
como assintomatica (MATHEWS, 2014).

Posteriormente a larva (L3) apo6s invadir a mucosa do intestino grosso se protege
tornando-se encistada. Mais de 90% dos ciatostomineos na fase histotofica encontram-se no
estado de L3 e podem permanecer na parede intestinal por periodos que variam de 4 meses a 2
anos (PROUDMAN E MATTHEWS, 2000 e CANEVER et al., 2013).

Quando milhares de larvas encistadas emergem para o0 ldumen intestinal
simultaneamente, danos graves podem ocorrer no intestino do hospedeiro, ocasionando uma
enteropatia inflamatoria no ceco e colon. Normalmente os animais jovens apresentam sinais

clinicos mais aparentes (LOVE et al., 1999).

2.3. PREJUIZOS

Os principais prejuizos econdmicos atribuidos as infestagbes parasitarias estdo
relacionadas ao menor desempenho dos animais. Muitos desses animais sdo utilizados como
tracdo, esporte, equoterapia, lazer, patrulhamento, cerimoniais e na lida diaria do campo.
Devido a importancia dos equinos, uma atencdo especial deve ser dispensada a salde desta
espécie animal, que podem ser acometidos por ectoparasitas e endoparasitas (SERQUEIRA,
2001).

2.4. CONTROLE PARASITARIO

Na maioria dos criatérios de equinos a forma de controle parasitario utilizado visa a
auséncia total de parasitos, ou seja, tratar com frequéncia suficiente para manter a carga
parasitaria proxima a zero. Desta forma, os ATP podem ser empregados de forma supressiva,
com intervalos curtos entre tratamentos ou, de forma estratégica, com tratamentos regulados
com a época do ano, ou ainda, de forma curativa, no qual o tratamento é realizado quando o
animal apresenta alta contagem de ovos nas fezes e apresenta sinais clinicos (KAPLAN, 2002;
SANGSTER et al., 2002).

As classes de antiparasitarios mais comumente utilizados pertencem a trés grupos

quimicos: os benzimidazoéis, as pirimidinas e as lactonas macrociclicas. A alternancia entre
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estes grupos quimicos é realizada frequentemente pela maioria dos criadores destes animais,
pela preocupacgéo sobre o impacto dos helmintos na satde equina (CANEVER et al., 2013).

Estudos epidemioldgicos regionais auxiliam o conhecimento da dindmica populacional
dos parasitos. Desta forma, podemos racionar o uso de ATP em épocas menos favoraveis a
sobrevivéncia de larvas e ovos no ambiente. Como forma de controle integrada de parasitos, a
alternéncia de bases quimicas adequadas, a escolha do principio ativo com base na eficacia dos
produtos, utilizados sob a forma de tratamento seletivo e 0 manejo apropriado das condi¢des
ambientais da propriedade, podera retardar o avanco do processo de resisténcia (MOLENTO,
2005).

Muitos nematoides de importancia veterinaria possuem caracteristicas genéticas que
favorecem o desenvolvimento da resisténcia anti-helmintica, e a disseminagdo destes parasitos
aos antiparasitarios tornou-se uma séria ameaca a saude e producdo animal no mundo todo
(HODGKINSON et al., 2008; VERA, 2014).

2.5. RESISTENCIA PARASITARIA

A resisténcia parasitaria ocorre quando um antiparasitario ndo consegue manter a
mesma eficacia contra os parasitos, apds um determinado tempo de utilizacdo. A selecdo de
helmintos resistentes é praticamente inevitavel e esta caracteristica € transferida para as
proximas geracoes de parasitos (MOLENTO, 2005).

A resisténcia pode ser ocasionada pelo uso intensivo dos antiparasitarios e da utilizacdo
de dosagens impréprias. Outro fator que contribui a este evento é a realizacdo do tratamento
dos animais quando hd uma pequena proporc¢do da populacdo total de parasitos em reflgia,
contribuindo para uma maior pressdo de selecdo de parasitos resistentes aos antiparasitarios
(LOVE, 2003). Toda a populacao parasitaria que ndo foi exposta ao processo de selecao pelas
drogas, permanecendo com susceptibilidade aos ATP é denominada reflgia. Esta populacédo
compreende 0s parasitos de vida livre no ambiente, ou mesmo aqueles que estdo presentes no
animal e que ndo entraram em contato com os antiparasitarios (MOLENTO, 2005).

A taxa de desenvolvimento da resisténcia é determinada pela pressédo de sele¢do. No
processo de selecdo de parasitos resistentes, a droga remove seletivamente os individuos
susceptiveis de uma populacdo geneticamente heterogénea. Isto ocorre pelo aumento do
namero de individuos portadores dos genes que expressam a resisténcia, dos quais sdo herdados

pelos descendentes. Dessa forma, apds vérias geracOes 0s parasitos que contém genes da
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resisténcia predominam e se multiplicam em novas reinfeccbes, o que possibilita a
sobrevivéncia de um numero significativo de helmintos resistentes em uma determinada
populacdo apds tratamento com ATP (KOHLER, 2001).

O tipo de resisténcia desenvolvida pelos parasitos pode ser classificada em resisténcia
lateral, que ocorre quando a resisténcia parasitaria a um grupo quimico resulta da selegdo de
outro grupo com 0 mesmo mecanismo de acdo. A resisténcia cruzada envolve grupos quimicos
diferentes que normalmente tem o mesmo mecanismo de acdo, exercendo a mesma presséo de
selegdo. Contudo, a resisténcia multipla ocorre quando VArios grupos quimicos com
mecanismos de acgdo diferentes sdo oriundos de diferentes pressdes de sele¢do (MELLO et al.,
2006; CEZAR et al., 2010).

A deteccdo da resisténcia precocemente aos parasitos permite que a eficacia da classe
dos ATP possa ser mantida atraves de medidas sanitarias adequadas, como a frequéncia dos
tratamentos anti-helminticos e a preservacao da refugia. Assim, ha necessidade de desenvolver
novas abordagens para o controle de parasitos, visando retardar o desenvolvimento da

resisténcia e melhorar a qualidade de vida dos animais (LYONS et al., 2008).
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3 CAPITULO | - ARTIGO CIENTIFICO

Este capitulo originou um artigo cientifico que serd4 submetido para publicacdo na
revista Veterinary Parasitology.
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Abstract

Equines in military establishments are of great importance for the reestablishment of public order, just as they are
used in military ceremonials and in sports. The semi-intensive equine breeding system favors gastrointestinal
nematode infections. The treatment of these infections is based on the use of anthelmintics. However, the
indiscriminate and inappropriate use of these drugs has led to parasitic resistance to the available active principles.
The objective of this study was to evaluate the efficacy of the main classes of antiparasitic agents (ATP) used in
parasitic control in adult and young animals, including: benzimidazoles (febendazol), pyrimidines (pirantel
pamoate), macrocyclic lactones (ivermectin and moxidectin), as well as the combination of active ingredients
(ivermectin + pirantel pamoate). The study was carried out in military establishments, located in Rio Grande do
Sul (RS), from January to December, 2018. The intervals between the treatments of the animals were performed
from 30 to 90 days and the rotation of the active principles of the ATP was performed at each treatment.
Coproparasitological evaluations were determined by the egg count reduction in the faeces (R-OPG) and the
identification of the genera and species of the parasites before and after treatments was performed. The results
demonstrated the multiple parasitic resistance of cystostomines to febendazole, moxidectin in young animals, to
pyrantel pamoate in adult animals. However, ivermectin in young animals and moxidectin in adult animals was
inconclusive. The detection of anthelmintic resistance found in the studied population demonstrated the need to
establish adequate parasite control in order to reduce unnecessary costs, delaying the development of ATP

resistance, and reducing losses caused by parasites.

Keywords: equines, parasites, antihelmintic efficacy, parasitary resistance.

Introduction

Currently, horses are used as tools for the restoration of public order, military ceremonials and equestrian
sport, such as jumping competitions, training and complete riding competitions (Campos, 2017). In equine
breeding, parasitic infections represent significant economic losses that affect animals, both directly due to clinical
disease, especially diarrhea and colic, and indirectly, due to loss of physical condition and performance (Barrett et
al. 2004). The breeding systems of these animals are intensive, extensive and semi-intensive systems favor a
prevalence of parasitic infections, especially in the first weeks of life (Molento, 2005).

Equines are susceptible to a variety of endoparasite genera that are located in different regions of the
gastrointestinal tract. The most common stomach parasites include: Draschia megastoma, Habronema muscae
and Trichostrongylus axei. However, Strongyloides westeri, Strongylus spp., Parascaris equorum and
Anoplocephala spp. parasite the small intestine; and Anoplocephala spp., Oxyuris equi, Strongylus spp. and small
stronglia (cyatostominae) parasitize the large intestine (Molento, 2005; Nielsen, 2014).

Many horses do not exhibit clinical signs of infection (asymptomatic), but depending on the parasitic
load, helminths can cause weight loss, dehydration, anemia, subcutaneous edema, pyrexia, diarrhea, colic and even
animal death (Canever et al. 2013, Scare et al., 2018).
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Currently, there are three classes of antiparasites (ATP) used in horses: benzimidazoles (oxybendazole,
albendazole and fembendazole), pyrimidines (pirantel pamoate) and macrocyclic lactones (ivermectin, abamectin
and moxidectin) (Canever et al., 2013).

Usually, in the breeding sites, parasitic control is performed suppressively, with several treatments
throughout the year (Traversa, 2009; Von Samson-Himmelstjerna, 2012). The goal of this strategy is to administer
the ATP often enough to keep parasite load close to zero. Thus, the indiscriminate frequency in the use of ATP
resulted in the selection of parasites resistant to the active principles, making it a major sanitary problem in equine
medicine (Kaplan, 2002)

The intensive use of ATP, as well as improper dosages (sub or super dosage), without epidemiological
basis for its use, will result in an increasing selection pressure of resistant parasites, initiating the development of
parasitic resistance (Molento, 2005; Vera, 2014). All the parasite population that was not exposed to the drug
selection process, remaining susceptible to ATP is denominated refuse. This population increases the possibility
of keeping the parasites susceptible to the active principles, if kept at considerable levels in the pastures (Molento,
2005).

The selection pressure determines the rate of resistance development, as the organisms surviving the
treatment pass their genes to the next generations. With continued selection and reproduction pressure of resistant
parasites, the frequency of resistant genes will increase to the point where treatment will fail (Molento, 2005;
Canever et al., 2013).

Resistance to benzimidazoles and pyrimidines is reported in several continents and there are increasing
reports of decreased efficacy following treatment of macrocyclic lactones. In addition, some populations of
cyathostomes are carriers of resistance to multiple drugs (Peregrine et al., 2014).

The combination of active principles may result in a synergistic parasitic effect. However, the efficacy of
drug association may be low, since the high frequency of resistant alleles, at least one of the active principles may
be present. Treatments with the association of ATP are recommended to avoided parasitic resistance to
anthelmintics of nematodes that infect ruminants and horses (Scott et al., 2015, Ramos et al., 2016, Scare et al.,
2018).

The objective of this study was to evaluate the efficacy of the main classes of antiparasitic agents used in
parasitic control in adult and young horses from military environments, including: benzimidazoles (febendazol),
pyrimidines (pirantel pamoate), macrocyclic lactones (ivermectin, abamectin and moxidectin), as well as the

combination of two active principles, ivermectin + pirantel pamoate.
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Material and Methods

Animals, samples and handling

This study was carried out with horses from military establishments, located in Rio Grande do Sul, Brazil.
A total of 160 naturally infected horses from January to December 2018 were distributed in two animal categories:
young (n = 50), aged 4 months to 2 years, belonging to military establishment (property 1) and adults (n = 110),
aged 5 to 20 years, 50 animals belonging to property 1 and 60 equines to property 2.

The intervals between the treatments of the animals were performed from 60 to 90 days and the rotation
of the active principles of anthelmintics was performed at each treatment (multiple rotation of antiparasitics). All
animal categories were treated at the same time. The history of the use of anthelmintics in animal treatments
included the following active principles: ivermectin, ivermectin + praziquantel, ivermectin + pirantel pamoate,
moxidectin, moxidectin + praziquantel, trichlorphon + oxybendazole, piperazine and doramectin. The feces
samples were collected from each animal, directly from the rectal ampulla, and were placed in transrectal plastic
gloves, identified, conditioned in isothermal boxes, refrigerated and sent to the coproparasitological analysis. The
examinations were carried out at the Parasite Diseases Laboratory (LADOPAR), Federal University of Santa
Maria, RS. Samples were processed up to 12 hours after collection. All horses were kept in semiconfining, on
grazing in the native field, alternating with grasses composed of Tifton 85 grass (Cynodon spp) and Azevém
(Lolium Multiflorum), and supplemented with commercial ration, with crude protein value between 140-160g / kg.

Water was supplied ad libidum from dams and troughs with hydraulic buoys.

Experimental groups

The experimental groups of the animals were selected by the result of the egg counts per gram of faeces
(OPG), being equal to or greater than 200 OPG, divided by animal category and randomly grouped. The horses
were identified by the record number (fire mark located on the left side of the pelvic limb) and estimated the weight
of the animals with thoracic tape.

The animals were randomly distributed in 16 groups (G1 to G16), containing 10 equines / group. The
animals were duly contained with the use of bollards and placed in containment breeches, where they received
treatment with the selected drugs. The following groups were formed: G1, G2, G3, G4, and G5, consisting of adult
animals; and groups G6, G7, G8, G9 and G10, consisting of young animals, packed in property 1; and groups G11,
G12, G13, G14, G15 and G16, consisting of adult animals, packed at property 2. For the performance of the ATP
efficacy test, fecal samples were collected from each animal 2 days before pre-treatment (D-2) and 14 days after
(D14), according to Coles et al. (2006).
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Treatment

The main ATP belonging to the parasitic classes of benzimidazoles, pyrimidines and macrocyclic
lactones, as well as an association of molecules (ivermectin + pyranate pamoate), usually used in the control, were
selected for the treatment of the animals and analysis of the efficacy of the active principles. The efficacy of five
active principles was evaluated, as well as a combination of two of them: moxidectin (Equest®), applied in groups
G4, G7 and G14; pamoate (Strongycid ®) in groups G3, G6 and G13; ivermectin (Equimectin®), in groups G2,
G9 and 12, febendazole (Fenzol®) in groups G5, G8 and G15, abamectin (Animax®) in the G16 group and
ivermectin + pyrante pamoate (Piraverme®) in groups G1, G10 and G11. The drugs used were administered orally

at the dose and rates recommended by the manufacturer of each product, depending on the weight of the

animal.

Coproparasitological analyzes

The coproparasitological technique employed was modified MacMaster (Gordon & Whitlock, 1939),
with a sensitivity of 50 OPG. So, 4 g of each fecal sample were homogenized and diluted in 56 ml of saturated
sugar solution, filtered and transferred to the MacMaster chamber, counting the OPG by light microscopy (100x).

The coprocultures were performed according to Coles et al. (2006). Pre and post-treatment stool samples
were used to identify the parasites in relation to gender and species and, subsequently, determine the occurrence
of infection in the animals. Approximately 50g of faeces from each group were collected in disposable plastic
containers forming a pool of each group. The samples were incubated at 28°C, with approximately 70% relative
humidity, in a BOD oven for 8 days. The larvae were recovered by the Baerman method and identified according
to identification keys (Bevilagua et al., 1993). For each genus of identified parasite the effectiveness of treatments
was estimated. All collections and tests were carried out in duplicates, being carried out in March and December

of 2018, when the highest rates of translation of the parasites occurred.

Interpretation of results

As recommended by Lyndall-Murphy et al. (2014) and the Word Association for the Advancement of
Veterinary Parasitology (WAAVP), the percent reduction of OPG was considered according to the upper limit of
confidence (LCS) and lower (LCI) to 95%. The treatment was considered effective when it presented the
percentage of reduction of OPG and LCS at 95% equal to or above 95% and LCI at 95% equal to or above 90%.
Parasitic resistance was confirmed when the percentage of OPG reduction and the 95% LCS were below 95% and
the 95% LCI was below 90%. According to James et al. (2009) was considered multiple resistance to parasites

when parasitic populations showed resistance to ATP from different chemical classes.
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Statistical analysis

The percent reduction in the number of eggs per gram of faeces (R-OPG) for each group was estimated
by comparing the pre-treatment OPG with the post-treatment, using the arithmetic means of the OPG counts before
and after treatment, calculated by the formula: R-OPG (%) = 100- (average of OPG 2 / mean of OPG 1) x 100
(Coles et al., 2006).

The approach used was described by Torgerson et al. (2014) and is available at
http://shiny.math.uzh.ch/user/furrer/shinyas/shiny-eggCounts/. This approach incorporates random sampling
errors and aggregations between individual hosts in the treatment groups to provide 95% confidence intervals,
which were taken with the percentages 2.5 and 97.5 of the resulting efficacy distribution.

This study was approved by the Animal Ethics Committee of the Federal University of Santa Maria
(CEUA) under the number 5023100318.

Results

The arithmetic mean and standard deviation in pre and post treatment as well as the minimum and
maximum OPG count for each group of both military establishments is shown in TABLE 1. The efficacy of each
treatment is shown in TABLE 2. Considering the value of egg reduction per gram of faeces (R-OPG) of less than
95% (Lyndal-Murphy et al., 2014), it was found that in Farm 1 in the young animal category, parasitic resistance
occurred in the treated groups with moxidectin (52.1% - G7), febendazole (1.99% - G8), and ivermectin was
inconclusive (93.6% - G9). The high OPG mean observed in young animals shows a higher susceptibility to
parasitism in this animal category. However, resistance to pirantel pamoate, which had 97.6% (G6) efficacy, and
the combination of ivermectin + pirantel pamoate with 99.7% (G11 e G10) efficacy was not observed. In the adult
animals category, 99.5% (G2 e G1) efficacy was observed in ivermectin treated animals and the combination of
ivermectin + pirantel pamoate. However, parasitic resistance occurred in the groups treated with pyrantel pamoate
(65.5% - G3), febendazole (2.58% - G5) and moxidectin was inconclusive (90.1% - G4).

Regarding the adult animals belonging to Farm 2, the parasite resistance was observed in the animals
treated with pyrante pamoate and febendazole. On the other hand, abamectin provided 98.7% efficacy, moxidectin
98.7% efficacy and ivermectin and the combination of ivermectin + pirantel pamoate, demonstrated 99.7%
efficacy.

The identification of L3 larvae obtained from coproculture resulted in 100% of cyathostomes in the

studied properties, in the pre- and post-treatment period.
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Discussion

Parasitic resistance in horses to benzimidazoles is reported globally and is widely disseminated, as was
observed in this study. The first reports of benzimidazole-resistant small strongyles were presented in the 1960s
(Drudge et al., 1963).

The parasite resistance was observed in febendazol in young and adult animals of both establishments.
The parasitic resistance of benzimidazoles to the strongyloids was observed in several countries such as England,
Canada and Brazil (Slocombe et al., 2008, Lester et al., 2013, Vera, 2014). In Chile, Von Samson Himmelsterjna
et al. (2012) reported resistance on three properties tested with febendazole using R-OPG with a mean efficacy of
27, 26.5 and 83.9%. The low efficacy of this class of drugs was also diagnosed by Molento et al. (2008) and
Canever et al., (2013) in the states of Parand, Minas Gerais, Sdo Paulo and Rio de Janeiro, proving that resistance
to benzimidazoles is widespread in Brazil.

This process of resistance to benzimidazoles is controlled by a gene and the selection process is rapid,
with the mutation of a single amino acid in the beta-tubulin gene in horses (Molento, 2005). The management in
both military establishments in relation to parasitic control is very similar because these units work with ATP
acquisition through public commitment. Thus, ATP were administered to animals according to the availability of
products purchased at establishments, regardless of drug efficacy.

Additionally, the resistance to pyrantel pamoate in the isolated formulation in adult horses was observed,
of 88.7% (G13) and 65.5% (G3) in farm 2 and 1, respectively. However, in young animals belonging to farm 1,
the efficacy of 97.6% (G6) was observed for this ATP. The resistance of this active principle has also been
described in Denmark (Nielsen et al., 2006), in the USA (Kaplan et al., 2014) in Brazil (Molento et al., 2008), in
the United Kingdom, Italy and Germany (Traversa et al., 2009). In the USA, Lyons et al. (2001) reported the
resistance of pirantel pamoate after 7 subsequent years of use in herd of ponies.

Considering that resistance to pyrantel pamoate remained unchanged in the parasite population for
decades, during periods of intense selection pressure, Gilleard & Beech (2007) suggested that resistant alleles in
the chromosomes of parasites may arise from recurrent and/ or spontaneous mutations. This event may occur after
successive antiparasitic treatments (Scare et al., 2018). The spread of ATP resistance may have occurred in the
present study due to the migration of horses due to the traffic and constant presence of the military animals in
different locations with randomized treatments.

The combination of the active principles is employed when a synergistic effect is desired. Thus, combined
treatments are increasingly recommended to control anthelmintic resistance in nematodes that infect ruminants
and horses (Scott et al., 2006; Ramos et al., 2016). In this study, the combination of ivermectin + pirantel pamoate
resulted in 99.5% (G1) and 99.7% (G11) efficacy in adult animals belonging to farms 1 and 2 respectively. In
young animals, this association resulted in 99.7% efficacy (G10).

However, the effectiveness of a combination anthelmintic against parasite populations may not be
sustainable when these populations develop resistance to one or both of the active ingredients included in the
combination (Scare et al., 2018). The appearance of ATP resistance can be attributed to the result of the use of
suppressive treatment to eliminate host parasites before completing their biological cycle, as well as the use of
undue dosages of these drugs (Molento, 2005).
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A number of studies have reported the continued efficacy of macrocyclic lactones in R-OPG tests (Nielsen
et al., 2006, Slocombe et al., 2008, Matthews, 2014), however, some studies have demonstrated macrocyclic
lactone resistant cyatostomes (Molento et al. Traversa et al., 2009). Some populations of parasites, especially
cyathostomes, are carriers of multiple resistance (Peregrine et al., 2014). In this study, 99.5% (G2) efficacy of
ivermectin was observed in adult animals belonging to farm 1, and 99.7% (G12) efficacy in animals belonging to
farm 2 on the population of cystostomines. However in property 1, an inconclusive result was observed for
ivermectin (93.6% - G9) in the category of young animals.

In Brazil, the resistance of cyatostomes to macrocyclic lactones was found by Molento et al. (2008), who
evaluated abamectin 2%, ivermectin 1.8% and 2%, moxidectin 2% and observed efficacy of 84%, 5%, 65 % and
16%, respectively, in Thoroughbred equine horses. The results found in our study demonstrated resistance to
moxidectin in young animals (52.1% - G7), and low efficacy in adult animals (90.1% - G4) at farm 1. The foals
are considered susceptible to parasitic infection due to the immune system still in development. As observed in
this study a mean of OPG higher than the adults, demonstrating greater susceptibility of parasitism in this animal
category. Nielsen et al., (2017) demonstrated a percentage of 60 to 70% of enriched L3 (hypobiosis) in animals
with 2-5 years of age; however, the proportion of L3 in 1-year-old animals was 35%. Resistance to moxidectin
and abamectin was not found in adult animals belonging to farm 2, with the efficacy being 98.7% (G14 and G16)
for both ATP.

Although macrocyclic lactones still have high efficacy against equine nematodes and consequent
reduction in OPG count, a decrease in antiparasitic action has been observed in recent years. Some studies have
shown a decrease in the period of reappearance of eggs in the faeces, even occurring in some cases, with 4 weeks
after treatment with these drugs (Molento et al., 2008; Lyons et al., 2011). The highest egg re-emergence period
after treatment with moxidectin (12-22 weeks) probably is due to the effect against L4 larvae encysted in the
intestinal mucosa (Canever et al., 2013; Nielsen et al., 2017). This short egg re-emergence period was also
observed in this study after treatment with moxidectin in young animals.

Resistance can be a natural event, meaning it can happen without treatment. However, the rapid rotation
of the active principles to each treatment, which is performed in military establishments, as well as the use of
suppressive treatments, may be associated with cross-resistance to other active principles (Molento, 2005).

Parasitic resistance can result in significant losses in the echinoculture. Management in equine breeding
should address sustainable parasitic control strategies, aiming at reducing resistance selection pressure on the
parasitic population. High drug efficacy should be maintained and monitored through coproparasitological testing
periodically. Finding the maintenance of a resting population on the property can be an auxiliary measure in
parasitic control (Molento, 2005), knowing that maintaining high drug efficacy can be a major challenge.

The selective treatment, adopting the criterion of treatment based on the use of the OPG cutoff point
higher than 200 for foals and 500 for adult horses, should be recommended (Molento et al., 2008). In this way the
maintenance of the parasite population in refuge in the equine breeding property will be possible, and thus, reduce
the selection pressure of resistance of the parasites to the drugs (Nielsen et al., 2006). There is the possibility of
other forms of parasitological control being integrated, such as: consortium of animal species, rotation of pastures,
selective treatment, consortium of summer crops with fodder destined to horses and periodic removal of feces
from the environment (Molento, 2005).
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Conclusion

Cyathostomes resistance to febendazole, pirantel pamoate was observed in adult animals and moxidectin
in young animals. Low efficacy was found for moxidectin in adult animals and ivermectin in young animals. Thus,
it is concluded that drugs that have resistance to cyathostomes are not indicated for parasite control in these
establishments, and it is necessary to establish an integrated parasitic control so that the efficacy of the
commercially available anthelmintics is preserved and the development of resistance parasite is retarded. Thus,
monitoring of drug efficacy is recommended at least twice a year in order to adopt an effective parasitic control

practice.
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Tabela 1 - Arithmetic mean (AM) and standard deviation (SD) in pre (D-2) and post (D14) treatment, minimum

and maximum EPG count of each group of naturally infected horses belonging to military establishments of Rio

Grande do Sul, Brazil

FARMS Group AM(SD) MIN MAX.
D-2 D14
1 Gl 785(466,10) 0,00 200 1650
G2 740(386,43) 0,00 200 1350
G3 800(515,32) 270(577,92) 200 1800
G4 900(351,18) 85 (94,42) 200 1350
G5 605,5(355,70) 835(716,88) 200 1250
G6 770(1328,78) 15(22,91) 200 4500
G7 410(87,56) 190(126,49) 200 500
G8 915(624,52) 1205(625,14) 200 2300
G9 2320(859,12) 145(152,39) 200 3750
G10 3305(1109,83) 0,00 200 5150
2 G11 1030(442,97) 0,00 200 1900
G12 1060(488,08) 0,00 200 1700
G13 1060(531,66) 115(311,85) 200 2000
Gl4 1020(443,59) 0,00 200 1800
G15 1065(390,19) 810(505,41) 200 1650
G16 1045(530,95) 40(65,82) 200 1700
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Tabela 2 - Percentage reduction of EPG after each treatment and lower and higher confidence intervals in the

different groups of naturally infected horses belonging to military establishments in the state of Rio Grande do

Sul, Brazil.
FARMS Group Reduction of EPG after treatment on each group (%) and confidence interval

1 Gl 99,5 (97,7 — 100)
G2 99,5 (97,5 — 100)
G3 65,5 (53,2 - 75)
G4 90,1 (84,3 - 94,1)
G5 2,58 (0,101 - 11,3)
G6 97,6 (94,2 — 99,3)
G7 52,1 (30,9 — 67,8)
G8 1,99(0,087 -9,21)
G9 93,6 (90,8 — 95,7)
G10 99,7 (99,1 — 100)

2 G11 99,7 (98,2 — 100)
G12 99,7 (98,2 — 100)
G13 88,7 (83,2-92,7)
Gl4 98,7 (96,4 — 99,7)
G15 23,5 (6,57 - 37,2)
G16 98,7 (96,4 —99,7)

G1, G10, G11: Ivermectin + pirantel pamoate; G2, G9, G12: Ivermectin; G3, G6, G13: Pyrantel pamoate; G4, G7,

G14: Moxidectin; G5, G8, G15: Febendazole; G16: Abamectin
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4 CONSIDERACOES FINAIS

Atualmente, os ciatostomineos sdo as principais espécies de parasitos em equinos e por
esta razdo 0s equinos criados extensivamente devem receber tratamento anti-helmintico
regularmente. A sua capacidade de adaptacdo as novas moléculas e tipos de tratamento,
possibilitaram o0 aumento da prevaléncia destes parasitos, como observado nas propriedades
estudadas. Esta informacao é de extrema importancia para que se busque, comercialmente, ATP
que ainda ndo possuem resisténcia.

A resisténcia parasitaria, envolvendo especialmente os ciatostomineos, estd amplamente
disseminada para os benzimidazdis. As lactonas macrociclicas ainda possuem bons resultados
de eficacia, principalmente quando combinada com outro principio ativo. Porém, o uso
indiscriminado de forma incorreta destes principios ativos esta conduzindo esta classe de ATP
para o advento da resisténcia, como observado neste estudo.

A necessidade de uma nova abordagem integrada no controle dos parasitos, como
método de tratamento seletivo, além de outras medidas de manejo que reduzem a infecgdo no
hospedeiro, bem como a presséo de selecdo aos parasitos, tornaram-se evidentes nos ultimos
anos. As medidas de manejo nas pastagens, como aragem, gradagem, rotacdo das pastagens,
consércio com outra espécie animal, podem reduzir a contaminacdo ambiental e
consequentemente a infeccdo parasitaria. Desta forma, reduzira as formas de vida livre dos
ciatostomineos que encontram-se especialmente nas pastagens.

O tratamento com ATP nos equinos de maneira seletiva baseia-se em tratar a popupalcéao
de animais que alberga a maior parte dos parasitos, sendo estes 0s maiores contaminadores do
ambiente. Dessa forma, podemos realizar o tratamento a partir de um ponto de corte, ou seja,
um valor determinado de OPG que pode ser estimado em 5000PG para equinos adultos e
2000PG para potros.

O monitoramento da eficacia dos principios ativos utilizados é fundamental para o
sucesso do programa antiparasitario na propriedade. Para tanto, sugere-se que amostras de fezes
devem ser examinadas em intervalos regulares.

Além de estudos epidemioldgicos da regido, estabelecer o diagnostico da resisténcia
parasitaria auxiliard na elaboragdo de um controle parasitario profildtico, reduzindo o
tratamento supressivo com ATP juntamente com alternativas de controle integrado. Desta

forma, o avanco da resisténcia parasitaria podera ser retardado.
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