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IMPACTO ESPERADO NA SOCIEDADE

Este trabalho pode auxiliar e servir de base para o desenvolvimento de pesquisas em
outras regides do mundo, para ampliar o conhecimento da biologia dos helmintos de
acordo com determinadas condi¢des climaticas, visando reduzir a infeccdo e
contaminacdo ambiental, bem como a pressao selecdo de parasitas resistentes,

limitando a infecgéo por helmintos e a resisténcia aos medicamentos.

This work can assist and serve as a basis for the development of research in other
regions of the world, to expand knowledge of the biology of helminths according to
certain climatic conditions, reducing infection and environmental contamination, as well
as the selective pressure of resistant parasites, limiting helminth infection and drug

resistance.
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RESUMO

A helmintose na equideocultura se destaca, devido aos prejuizos decorrentes desta
infeccdo, que sao controladas principalmente a partir de drogas antihelminticas.
Assim, ter conhecimento sobre a dinamica populacional dos helmintos de uma
determinada regido € fundamental pois, as condi¢des ambientais tém grande impacto
no desenvolvimento destes parasitas presentes nas pastagens. Destaforma, o objetivo
deste estudo foi avaliar a influéncia da sazonalidade sobre os helmintos. Sendo
realizado entre outubro e setembro dos anos de 2015/2016, 2018/2019 e 2021/2022.
Foram utilizados 147 animais, sendo 64 fémeas e 83 machos, todos do mesmo
rebanho. Amostras fecais foram coletadasdiretamente da ampola retal de cada animal,
a cada 28 dias, durante umperiodo de 12 meses de cada ciclo, para analise
coproparasitolégica. Foi realizadadiariamente,a medi¢cdo da temperatura média do ar,
umidade relativa média do ar e precipitacdopluviométrica. Os registros climaticos
foram coletados pela Estacdo Agroclimatolégica de Castilho, SP (210 05'12,4” S; 510
35'17,2” W), localizada a seis quildmetros do local do experimento. Nos trés ciclos de
estudos, as médias de OPG e de precipitacdo apresentaram diferencas significativas
entre as épocas do ano. De forma geral, 0o més em que foram observadas as maiores
OPG, nos diferentes ciclos, foi 0 més de fevereiro com 1626 em 2015/2016, 926,7 em
2018/2019 e 1885 em 2021/2022, e 0 més que apresentou menores medias de OPGfoi
julho com 642 em 2015/2016, 610,5 em 2018/2019 e 804 em 2021/2022. Em relacao
as condi¢cdes climaticas, a precipitacdo pluvial teve maior concentracdo emduas
estacdes, sendo na primavera e no verao, ou seja, o verao foi a época de maiores
indices de chuvas nos trés ciclos avaliados. O outono seguido do inverno foram as
estacdes com a menor pluviosidade durante os ciclos estudados. Conclui-se que as
condicbes climaticas influenciaram diretamente na dinamica populacional dos
helmintos, sendo que nas épocas de clima mais seco e frios, os equinos foram menos
acometidos, desta forma a sugestdo para umpossivel programa estratégico seria
concentrar a administracéo de anti-helminticosna primavera e no verao.

Palavras-chaves: Anti-helminticos. Cavalos. Clima. Parasitos.



ABSTRACT

Helminthiasis in horse breeding stands out due to the damage caused by this infection,
which is mainly controlled by anthelmintic drugs. Knowing the population dynamics of
helminths in a given region is therefore essential, as environmental conditions have a
major impact on the development of these parasites in pastures. The aim of this study
was to assess the influence of seasonality on helminths. It wascarried out between
October and September of the years 2015/2016, 2018/2019 and2021/2022. A total of
147 animals were used, 64 females and 83 males, all from thesame herd. Fecal sample
were collected directly from the rectal ampulla of each animal every 28 days for 12
months of each cycle for coproparasitological analysis. Average air temperature,
average relative humidity and rainfall were measured daily. The weather records were
collected by the Agroclimatological Station in Castilho, SP(210 05' 12.4" S; 510 35'
17.2" W), located six kilometers from the experiment site. In the three study cycles, the
EPG and rainfall averages showed significant differences between the times of year. In
general, the month with the highest EPG inthe different cycles was February, with 1626
in 2015/2016, 926.7 in 2018/2019 and 1885 in 2021/2022, and the month with the
lowest average EPG was July, with 642 in 2015/2016, 610.5 in 2018/2019 and 804 in
2021/2022. Regarding climatic conditions, rainfall was more concentrated in two
seasons, spring and summer, meaning that summer was the season with the highest
rainfall in the three cycles evaluated. Autumn, followed by winter were the seasons with
the lowest rainfall during the cycles studied. It can be concluded that climatic conditions
have a direct influence on the population dynamics of helminths, and that during the
drier and colder seasons, horses were less affected, so the suggestion for a possible
strategicprogram would be to concentrate the administration of anthelmintics in spring
and summer.

Keywords: Anthelmintic. Horses. Climate. Parasites.
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CAPITULO 1 - Considerag6es Gerais

1.1 Introducéo

Os parasitas possuem diversas familias e géneros, em especial, 0s nematoides
estrongilideos sédo os que mais acometem os animais de producao (Lichtenfels et al.,
2008). Os mais comuns em equinos sdo 0s pequenos estrongilos (ciatostomineos):
Cyathostomum spp., Triodontophorus spp., Cylicostephanus spp.; seguido dos
grandes estrongilos: Strongylus vulgaris, Strongylus equinus, Strongylus edentatus e
ainda, Parascaris equorum, Oxyurisequi, Strongyloides westeri, Trichostrongylus axei
(Molento, 2005; Rehbein;Renate, 2013).

Cerca de 83 espécies de helmintos podem parasitar equinos, sendo 64 deles
pertencentes a familia Strongylidaes: Strongylinae (grandes estrongilos) e
Cyathostominae (pequenos estrongilos). Os ciatostomineos estdo em sua maioria,
representando 50 das 64 espécies de estrongilos que parasitam 0s equinos
(Lichtenfels et al., 2008).

Os ciatostomineos aparecem de forma frequénte nos equinos devido aoscasos
de resisténcia a anti-helminticos, pois suas larvas podem permanecer encistadas na
parede do trato gastrointestinal por um longo periodo (anos), se protegendo da acdo
de diversos tipos de anti-helminticos. Elas podem emergir da mucosa intestinal e
causar a ciatostominose larval, o que pode resultar na morte do hospedeiro (Loon et
al. 1995).

Essa grande variedade de parasitas entréngilos sdo maiores nos equinosem
comparagcao aos ruminantes e outros animais, até um cavalo saudavél pode estar
infectado por dezenas ou centenas de milhares de pequenos estrongilos, que séo
considerados os de maior importancia, devido a sua prevaléncia, potencial patogénico
e capacidade de desenvolver resisténcia anti-helmintica, parasitando equinos de
todas as idades, porém, apresentam maior patogenicidade nos animais jovens
(Bowman etal., 2010; Lester etal., 2014;Kaplan, 2010; Luksovsky et al., 2013). E estédo
presentes em grande quantidade, sendo 95-100% da carga parasitaria total dos
equinos (Gasser et al., 2005).

Em relacdo a Familia Strongylidae, os grandes estrongilos também estédo

presentes em equinos, com as espécies Strongylus vulgaris, Strongylus equinuse
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Strongylus edentatus (Monteiro, 2007).

As infeccBes por estrongilos em equinos podem estar associadas a varias

alteragcbes no hospedeiro, resultando em diversos problemas, em especial a arterite
tromboembdlica da artéria mesentérica cranial e o comprometimento da circulagéo
intestinal local causada pela migracao da fase larval (Reichmann etal.; 2001).
Os grandes estrongilos (ex. Strongylus vulgaris), sdo considerados como uma grande
ameaca aos equinos, sendo alvos de programas de controle parasitario. Alguns meios
de controle conseguiram reduzir de forma satisfatoria a populagdo de S. vulgaris
(Herd, 1990). Mas acabou resultando em um aumento da prevaléncia dos
ciatostomineos, ja que sdo helminos que conseguem se adaptar facilmente as novas
moléculas e tipos de tratamentos (Kaplan; Nielsen, 2010).

Normalmente os diagndsticos das infec¢des por Strongylus e outras espécies
de helmintos, sédo realizadas por exames de fezes dos equinos, a partirde técnicas de
contagem de ovos por grama de fezes (OPG), juntamente com o cultivo de larvas, ja
gue nao € possivel a diferenciacdo das espécies de estrongilos pela analise
morfométrica dos ovos. Esta é alcancada através da observacéo das larvas de terceiro
estagio encontradas nas culturas de fezes de 7 a 14 dias ap6és a coleta (Duarte et al.;
1997).

1.2 Objetivo Geral

O objetivo do estudo foi avaliar a influéncia e a dindmica da sazonalidade em

diferentes anos, de helmintos gastrintestinais em equinos naturalmente infectados.

1.2.1 Objetivos Especificos

e |dentificar as estacfes com maior incidéncia de helmintos;
e Comparar as variacoes climaticas durante os diferentes anos sobre os

helmintos.

1.3 Revisao de Literatura

1.3.1 Prejuizos causados por helmintos
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O parasitismo se destaca devido aos prejuizos consequentes da infeccdo
parasitaria, problemas na produgcédo como perda de desempenho dos animais, célicas
gastricas e intestinais além da diarreia em potros. Dependendo da cargaparasitéria,
os helmintos podem causar desde um pequeno desconfortoabdominal juntamente
com fraqueza ou sem a mesma, pelagem aspera, retardode crescimento, hiporexia,
anemia, diarreias ou constipacbes até episodios fulminantes de cdlica e morte
(Lagaggio et al., 2007).

Além de lesBes nos 6rgaos do sistema digestivo e até graves distlrbios nos
processos enzimaticos e hormonais ou até ao 6bito do animal (Assis; Araujo, 2003).
Os ciatostomineos ou pequenos estréngilos podem causam anemia, perda de apetite,
diminuicdo de resisténcia, disturbios intestinais e, dependendodo grau da infeccéo,
podem levar os animais a morte (Herd, 1990). Barbosa etal. (2001) relata que, os
ciatostomineos sdo os parasitas com maior prevaléncia em animais jovens (12 a 14
meses) e adultos (acima de 60 meses).

Os grandes estrongilos sdo os helmintos considerados de maior poder
patogénico para equideos, principalmente na sua forma imatura em decorrénciadas
lesbes que determinam no seu processo de migracdes pelo sistema arterial-
mesentérico, responsaveis por severos casos de colicas.

A patogenia da infeccdo por espécies adultas de estrongilos esta associada a
lesdo da mucosa do intestino grosso em virtude dos habitos alimentares do verme,
podendo causar ruptura da parede do intestino em animais jovens e adultos levando

a emergéncias cirurgicas (Urquhart et al., 1998).

1.3.2 Tratamento anti-helmintico

No inicio do século XX, os primeiros testes e uso de anti-helminticos se
iniciaram. Oleos de chenopodium era recomendado por Thum, em 1915, e Woolridge,
em 1916, para o tratamento de verminoses em equinos (Hall; Foster, 1918).

A partir de 196, grande parte dos anti-helminticos disponiveis no mercadofoi
desenvolvida. Apdés a descoberta do tiobendazole, primeiro anti-helmintico
benzimidazdlico oral, surgiram varias outras drogas similares, pertencentes ao mesmo
grupo e de excelente eficacia contra parasitos internos. A principal caracteristica desse
grupo de anti-helminticos é a sua triplice acdo, considerandoque age sobre vermes

adultos, formas larvais e ovos de vermes (Kohex Junior, 1998).
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No inicio da década de 80, com o lancamento das avermectinas, entre elas a
ivermectina, permitiu uma revolucdo no mercado de produtos veterinérios para o
controle de parasitos (Geary, 2005).

Varias outras formulagfes, contendo avermectinas, foram liberadas também no
mercado com preco reduzido, assim o uso indiscriminado e, consequentemente, na
selecdo de populacdes resistentes de ecto e endoparasitos comegaram a aumentar
(Rodrigues et al., 2007).

Esse uso errdneo de anti-hélminticos e 0 ndo conhecimento sobre os aspectos
epidemioldgicos dos parasitos, tém provocado a selecado dos parasitasresistentes a
acao dos medicamentos utilizados, podendo se apresentar como um dos principais
problemas sanitarios da cadeia de producéo animal (Paiva, 2001).

As mais tradicionais técnicas de controle sdo a partir de anti-hélmintos,
atualmente representado por trés principais classes de medicamentos: as lactonas
macrociclicas (ex: ivermectina, abamectina e moxidectina), as pirimidinas e
imidazotiazéis (ex: pamoato de pirantel e levamisol) e o grupo dos benzimidazois (ex:
albendazol,oxibendazol e fenbendazol) (Samson-Himmelstjerna, 2012).

As lactonas macrociclicas fazem parte da classe de anti-helminticos mais
eficientes para o controle de parasitas gastrintestinais, pois sua atividade éde amplo
espectro, com alta eficiéncia e elevada margem de seguranca (Mulroy,2001).
Entretanto, as aplicacdes repetidas vém favorecendo no desenvolvimento da
resisténcia anti-helmintica, principalmente dos ciatostomineos (Kaplan, 2004). O
principal agravante esta sendo a utilizacdo desses produtos de maneiraindevida,
indiscriminada e sem a associacdo de estratégias auxiliares de controle (Molento,
2005). Portanto, a situacdo mundial atual € de resisténcia a maior parte das classes
de antiparasitarios comerciais disponiveis no mercado (Nielsen et al., 2014).

A eficacia das drogas reduz por consequéncia de seu carater seletivo,
colaborando com a permanéncia de organismos resistentes e a eliminacdo de
individuos susceptiveis. Logo, a sustentabilidade dos programas de controle da
verminose equina estd comprometida pela selecdo de populagbes de parasitos
resistentes, cujo numero de relatos é crescente mundialmente (Kaplan, 2004).

Outro fator preocupante, € a maneira em que as lactonas macrociclicas
eliminam seus metabdlitos e substancias através da urina e das fezes dos animais
diretamente na pastagem, intensificando o volume de substancias quimicas

compartilhadas no meio ambiente intervindo negativamente a biodiversidade e a
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sustentabilidade dos ecossistemas (Sommer; Bibby., 2002; Kolar et al., 2006).

1.3.3 Mecanismo de ac¢ao dos principais anti-helminticos

Atualmente, as quatro principais classes de medicamentos sdo as lactonas
macrociclicas (ex: ivermectina e moxidectina), as pirimidinas e imidazotiazéis (ex:
pamoato de pirantel e levamisol) e o grupo dos benzimidazois (ex: albendazol,
oxibendazol e fenbendazol).

A diferenca entre as classes é no modo de acdo que cada uma apresenta
(Martin, 1997; Samson-Himmelstjerna, 2012).

Em relacdo aos benzimidazdis, eles se ligam a tubulina e impedem a
polimerizacdo em microtubulos, o que permite uma ruptura de diversas fun¢des na
célula, j& que essas organelas polimerizadas sdo fundamentais para que ocorra a
divisdo celular, o transporte de neurotransmissores nos neuronios, transporte de
substrato e metabolito através da célula e membranas mitocondriais e outras
atividades essénciais associadas a membrana.

O mecanismo de acao das lactonas macrociclicas ainda estd em precesso de
pesquisa e elucidacdo. Acredita-se que 0s principios ativos das avermectinas e
milbemicinas tém um modo de acdo comum contra os parasitos (Shoop et al., 1995).
Onde hé interacdes do medicamento com 0s canais receptores para a inibicdo da
neurotransmissdo nos invertebrados, relacionados ao acido gama amino butirico
(GABA) e o glutamato, que tem como funcéo, acao no bloqueio da atividadeelétrica das
células musculares e nervosas, permitidas pelo aumento da conducdo dos ions de
cloro. E esses receptores idnicos do glutamato se localizam em célulasmusculares e
somaticas, na faringe e no uUtero, afetando a motilidade, a capacidadede alimentacéo

e reproducédo do parasito (Mottier; Lanusse, 2001).

1.3.4 Resisténcia parasitéaria

A resisténcia parasitaria vem sendo um assunto recorrente e de relevancia, ela
ocorre a partir de fatores reduzem a eficacia de drogas contra os parasitos, apés um
determinado tempo de utilizag&o. A selecdo de helmintos resistentes é inevitavel e ja
€ uma realidade, além de ser uma caracteristica transferida para as proximas
geragOes (Conder; Campbell, 1995; Molento, 2005).

Ou seja, a administracdo repetida selecionara uma proporcao cada vez maior
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de individuos resistentes, permitindo que o parasito adquire a capacidadede mudar a
metabolizacdo do farmaco e/ou mudar o local de ligacdo do farmaco(Taylor et al.,
2010).

A frequéncia na utilizacdo de uma determinada droga e de forma repetidaé uma
das causas que favorecem o surgimento da resisténcia parasitaria, assimcomo a
subdosagem, a alta densidade de animais em um local e a falta de critérios para
utilizagdo dos produtos. (Fritzen et al., 2010; Kaplan, 2002; Molento et al., 2005).
Tornando assim uma séria ameaca para a saude e producdo animal em varios paises
(Hodgkinson, 2008).

Como a resisténcia é um resultado do uso indiscriminado de medicagdes anti-
helminticas, um melhor meio seria o de vermifugar somente os equinos comcontagens
fecais de ovos significante (p. Ex., 100 ovos por grama) (Bowman et al., 2010).
Trabalhos como Hamlen-gomez e Georgi (1991), mostram que certos cavalos
suscetiveis a infeccdo e vermifugacdes estratégicas desses animais resultam em
economia significativa em comparacdo com a vermifugacao rotineira e sem
conhecimento prévio.

Coles et al., (1999) relatou a descoberta de grandes estrongilos resistentes ao
pirantel. Ovos de estréngilos foram coletados das fezes de cavalosonde se obteve altas
contagens de ovos ap0s o tratamento com o anti-helmintico.Culturas de larvas até o
estagio infectante determinaram que o0s animais estavam liberando ovos de S.
edentatus.

Percebe-se que a resiséncia em equinos vem ocorrendo desde décadas atras,
nao é algo recente, mas também se sabe que conforme o tempo passa mais drogas
apontam resisténcia, como por exemplo aivermectina, estudo realizados porDe Favare
et al., 2023, aponta a presenca de resisténcia dos Ciatostomineos a ivermectina, com
relacdo estreita a frequéncia de utilizacdo dos anti-helminticos, independentemente
do sistema de criacdo, mas ainda assim, a ivermectina se mostra eficaz em grandes

estrongilos.

1.3.5 Sazonalidade e helmintiases

Tratamentos estratégicos envolvem a vermifugagdo dos animais baseada na
previsdo das épocas de maior eliminacdo de ovos e maior contaminagéo da pastagem,

de acordo com as curvas sazonais para a regidao ou tipo de clima (Proudman &
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Matthews, 2000; Madeira de Carvalho, 2001).

Podendo ser aplicadas trés administracdes anuais, dependendo da
sazonalidade dos helmintos dos equinos da regido estudada. A utilizacdo de anti-
helminticos com esta finalidade € limitada, na medida em que caso haja resisténciaé
impossivel incluir o farmaco com baixa eficacia na rotacao. Assim, atualmente, apenas
as lactonas macrociclicas sédo seguras para utilizar na maioria dos casos, permitindo
também reduzir a presséo seletiva nas lactonas (Reis, 2011).

Quando se pesquisa sobre como a sazonaliade estd relacionada as
helmintiases em equinos, percebe-se uma falta de pesquisas, tanto relacionadas aos
equinos quanto relacionadas a tipos de climas especificos.

E as condicbes ambientais de uma determinada regido podem ter grande
impacto nas fases de vida dos parasitas presentes nas pastagens, dependendo da
temperatura, chuva, umidade e insolacéo (Nielsen et al., 2007; Nielsen, 2012).

Os helmintos apresentam caracteristicas sazonais, com diferencas periodicas
em diversas regifes do mundo. As condi¢cdes mais favoraveis para o desenvolvimento
de helmintos em paises temperados ocorrem na primavera e no outono, enquanto em

paises subtropicais ocorrem no inverno (Lyons et al.,2000).
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CAPITULO 2 - Seasonal dynam ics of gastroinstestinal nematodes in naturally

infected horses in Brazil



ARTIGO ENVIADO A REVISTA — PROTOCOLO: Vetpar-D-24-383R1

Seasonal dynamics of gastroinstestinal nematodes in naturally
infected horses in Brazil

Abstract

Helminth population dynamics have a major impact on the development of parasites in
pastures. The objective of this study was to evaluate the influence of seasonality on helminths.
It was carried out between October and September of the years 2015/2016, 2018/2019 and
2021/2022. A total of 147 animals were used, 64 females and 83 males. Fecal sample were
collected during 12 months of each cycle for coproparasitological analysis. The climatic factors
were collected by the meteorological records were found by the Agroclimatological Station of
Castilho, state of Sdo Paulo. In all cycles, the highest numbers of EPG and larvae recovered
in the pastures were observed in the spring and summer seasons, were observed in the autumn
and winter seasons. The results of the stool cultures showed that 90 to 100% of the
gastrointestinal larvae found were from the small strongyles family (Cyathostomines) in
different years, and that only 2 to 10% were from the large strongyles family. Regarding the
climatic conditions, spring and summer were the seasons with the highest occurrence in the
three cycles evaluated. Autumn, followed by winter, were the seasons with the least advance
during the trained cycles. That is, they are delimited by the dry season from April to September
(autumn and winter), and the frequent rainy season (rainy season) from October to March
(spring and summer). It can be concluded that climate conditions have a direct influence on the
population dynamics of helminths, and that during the drier and colder seasons, horses were
less affected.

Keywords: anthelmintic, horses, climate, helminthosis.
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1 INTRODUCTION

The equine herd in Brazil is approximately 6 million animals,

placing the country in 3rd place in the ranking of countries with
the largest equine herds in the world, only behind the United
States and Mexico (IBEGE, 2023). Equine farming represents a
wide range of economic and social opportunities for Brazilian
agribusiness. The sector generates more than 3 million jobs and
brings in around R$16 billion a year (IBEQUI, 2021).

In recognition of equine breeding and its contribution to the
world economy, attention to the health of these animals is

essential (Rehbein et al., 2013). Animal parasitism stands out
due to the damage caused by parasitic infection, ranging from
poor performance in racing animals to gastric and intestinal colic
and diarrhea in foals (Saes et al., 2022). Depending on the

degree of parasite load, helminths can cause weakness, rough
coat, growth retardation, hyporexia, anemia and even fulminant
episodes of colic which can lead to the animal's death (Lagaggio
et al., 2007).

The helminthosis are often controlled with anthelmintics to
prevent massive infections. Anthelmintic compounds are
generally practical, effective and safe (Spinosa et al., 2014). The
problem is that the incorrect use of these anthelmintic drugs has
led to the emergence of helminth strains that are resistant to the
main active anthelmintics available commercially (De Favare et
al., 2023; Vera et al., 2020; Nielsen et al., 2014; Hodgkinson et

al., 2008; Kaplan, 2004; Molento et al., 2004).

In Brazil, a large part of equine breeding is carried out under an

extensive regime, in which the animals are kept on pastures
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contaminated with infective nematode larvae, which regularly
leads to helminthosis (Braga et al., 2009).

Horses are one of the most susceptible animal species to a wide
variety of gastrointestinal parasites and can harbor several
species simultaneously (Rehbein et al., 2013). The nematodes
that most affect horses in tropical climates are the small
strongyles (Cyathostomins) (Saes et al., 2022).

The environmental conditions of a given region have a major
impact on the life stages of the parasites present in pastures,
including temperature, rainfall, humidity and sunshine (Saes et
al., 2022; Nielsen, 2012; Nielsen et al., 2007). Helminths have
seasonal characteristics, with periodic differences in different
regions of the world. The most favorable conditions for the
development of helminths in temperate countries occur in spring
and autumn, while in subtropical countries they occur in winter
(Lyons et al., 2000). However, in regions with a tropical climate,
there are few studies on gastrointestinal helminths in horses.
Information on the biology and epidemiology of nematode can
contribute to the control of these helminths (Saes et al., 2022;
Baudena et al., 2000; Rodrigues et al., 1991).

The objective of this study was to evaluate the influence of
seasonality in three alternate years on helminth infection in
naturally infected horses kept on pasture, evaluating the climatic
characteristics of the different seasons in relation and influence

to the level of helminthosis.
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2 MATERIALS AND METHODS

2.1 Experimental design, studied area and animals:

This study was carried out in three stages, from October to
September in the years 2015/2016, 2018/2019 and 2021/2022
(so that the animals are not exposed to a long period without
necessary helminth treatment) on a farm convened with the
Paulista State University (UNESP), located in the west of the
state of S&o Paulo (Brazil), in the municipality of Castilho
(latitude 20° 52' 09.0" south; longitude 51° 29' 22.9" west).
Region of tropical climate, with a dry period winter, Koppen AW
(with dry winter) classification, under the predominant influence
of the polar systems and a rainy period (summer), influenced by
the tropical systems, with fine sandstone type soil of reddish
brown and purplish color, with stratification, sediments
composed mainly of silicate minerals, such as quartz or clay
minerals (Sallun et al., 2007; Monteiro, 1973; Boin, 2000). The
work followed a longitudinal design in the three study cycles,
with the collection of qualitative and quantitative data,
responsible for the analysis of the horses over a prolonged
period of time, to determine the influence of the climate on the
development of helminths.

A total of 147 animals were used, 64 females and 83 males (all
adults from 4 to 12 years old and quarter horse breeds), all from
the same herd, being a closed herd, without the entry of external
animals and marketing of the same ones that were used in the
study. Ninety (90) days before the start of each stage of the
experiment, an anthelmintic based on moxidectin 1.15 (Equest)

was administered, 0.4 mg moxidectin/kg body weight, orally, in
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order to zero the parasite load of all the animals at the start of
the study cycle.

The property has 1,210 hectares of land, formed by Brachiaria
decumbens, Brachiaria brizanta, Brachiaria humidicula,
Panicum maximum and Coast-cross, intended for raising cattle
and horses. Where the horses are kept in pastures formed by
Brachiaria humidicula and Coast-cross.

All animals used in the experiment were kept exclusively on
pasture with mineral supplementation without providing any
other supplement. Prior to the study, anthelmintic based on
Moxidectin and Abamectin was administered alternately, every
6 months.

2.2 Coproparasitological analysis:

Individual fecal samples were collected directly from the rectum
of each animal studied every 28 days, for a period of 12 months
each year, for coproparasitological analysis. The collected feces
were sent on the same day to the Parasitology Laboratory of the
School of Animal Science at Paulista State University, in

Dracena, State of Sdo Paulo. Individual egg counts per gram of
feces (EPG) were carried out in a McMaster chamber, according
to the technique recommended by Gordon and Whitlock (1939).
This technique involves diluting 4 grams of feces and
homogenizing them in 56 ml of hypersaturated saline solution
(NaCl) so that the eggs remain suspended. The suspension is
then filtered and placed in the McMaster chamber. The eggs are
then counted and the result multiplied by 50, expressing the final
number in eggs per gram of feces.

Coproculture analysis to identify infective larvae was carried out

on all the feces collected, according to the technique proposed
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by Madeira de Carvalho (2001), in order to identify the
helminths, present in the horses. The differentiation and
counting of intestinal cells of strongylid species was used as a
basis for identification, complete larvae, presence or absence of
sheath, perilarval layer and appearance of the tail of the sheath
(Madeira de Carvalho, 2001). Where 50-60 grams of feces are
placed in disposable plastic cups, moistened and covered with
perforated aluminum foil and then placed in the incubator (BOD)
for 14 days at a temperature of 26-28°C and relative humidity of
70-80%. After 14 days, the cup with the feces should be filled
with water and inverted on a Petri dish, filled with warm water.
Subsequently, they are placed in a test tube and after 24 hours
they will be covered and stored in the refrigerator at 4-5°C until
larvae are counted and identified.

2.3 Recovery and identification of infective larvae in the

pasture:

Only in the last cycle studied, the larvae in the pastures were
recovered, as it was a long study, it was noticed the need to
check these larvae in the pastures at least in one year (cycle)
and the recovery of the larvae can only be carried out in

2021/2022. For recovery, grass samples were collected from
the pasture, from 5 alternating points, according to Taylor (1939)
and Raynaud and Gruner (1982). The samples were weighed
and 200g of pasture was set aside, which was then placed in an
oven at 65°C for 72 hours to obtain the dry matter previously
used to recover the infective larvae (L3). The sediment was

examined under an optical microscope and the larvae were

counted and identified the L3, according to the criteria
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establelished by Madeira de Carvalho (2001).

2.4 Climate data:

Daily weather records were collected by the Castilho
Agroclimatological Station in Castilho, SP (21° 05' 12.4" S; 51°
35'17.2" W), located six kilometers from the experiment site. It
is a reference station, being a partnership between Embrapa
(Brazilian Agricultural Research Corporation), Solos and the
Viralcool plant — Unidade Il (sugar and ethanol company) and
UDOP (Union of Bioenergy Producers) (Embrapa, 2024).The
average air temperature, average relative humidity and rainfall
were measured at each sampling time, as these are considered
to be the main factors influencing the development of helminth
larvae (Lima, 1998). Subsequently, the effects of seasonality on
helminth development were interpreted.

2.5 Statistical analysis:

The results of the egg counts per gram of feces (EPG) and the
data of the sequential variations in time were analyzed in order
to evaluate the population dynamics of helminths in horses, with
descriptive statistics of variables identified during the three
study cycles by ANOVA and compared by Tukey's test (P<O.
05), the normal distribution of the data was verified, as well as a
linear effect regression model, to more accurately verify the
veracity and influence of climatic variables on helminthosis.

First, the normality analyses of the residues were performed
using the Shapiro-Wilk test (PROC UNIVARIATE).

Subsequently, following the aforementioned premises, the data

were submitted to analysis of variance (ANOVA) using PROC
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GLM and when there was a significant effect, the means were
compared using the Tukey test with 5% significance, extracting
the residues from the analysis and verifying the residue variable
and subsequently the regression analysis using the SAS

University Edition program (version 9.4).

3 RESULTS

3.1 EPG:

In the three cycles studied, strongyle infection was found in the
animals throughout the year, with EPG ranging from 550
(minimum) to 1639 (maximum), and no clinical signs were
observed in any of the animals used.

In all the cycles, the highest EPG numbers were observed in the
spring and summer seasons, while the lowest EPG numbers
were observed in the fall and winter seasons. With an increase
in EPG numbers starting in spring, the maximum peak was
observed in summer (Table.1).

The month in which the animals had the highest EPG averages
in the three cycles was February (Summer), with 1626, 926.7
and 1885 respectively, in chronological order. Subsequently,
there was a decrease (lower averages) in the fall and winter
periods (Table. 1). The lowest average EPG was in July
(Winter), with 642, 610.5 and 804 respectively in the three
cycles (Figure. 1).

The averages between the seasons of spring and summer, and
spring and fall, were not significantly different (p < 0.05) from
each other in any of the cycles studied, but summer differed

significantly from the fall and winter seasons, with the exception
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of the 2021/2022 cycle, where summer did not different
significantly from fall (Table. 1).

3.2 Fecal cultures:

The results of the fecal cultures showed that 90 to 100% of the
gastrointestinal larvae found were from the small strongyle
family (Cyathostomins) in the different years, and that only 2 to
10% were from the large strongyle family. The presence of
larvae (%) of cyathostomins was 98% (2015/2016), 95%
(2018/2019) and 90% (2021/2022), and for large strongyles,
only 2% (2015/2016), 5% (2018/2019) and 10% (2021/2022).
The identification of large strongyles also occurred from the
eighth month onwards in the three cycles of the experiment.

3.3 Infective larvae recovered in the pastures:

Regarding the infective larvae recovered in the pastures, the
overall averages by season indicated significant differences
(p<0.05) between the quantities of infective larvae, with spring,
summer and fall not differing from each other, but summer
differing significantly from winter (Table. 1). Thus, the months
with the highest numbers of larvae were January and February,
6505 and 5878 L3/kg.DM, respectively. The months with the
lowest numbers were July and September, with 339 and 310
L3/kg.DM, respectively (Figure. 2).

3.4 Climatic data:

As observed in the climatic data, rainfall delineated two
significantly distinct periods: a dry period from April to
September (fall and winter), and another period of frequent
rainfall (rainy season) from October to March (spring and

summer) in the study cycles. Precipitation between summer and
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spring and fall and winter did not differ significantly from each
other in any of the cycles studied, but spring and summer
differed significantly from the fall and winter seasons, except for
the 2021/2022 cycle where spring did not differ from fall and
winter (Table 1).

About the average temperatures observed during the three
cycles, summer had the highest temperature and winter had the
lowest, but they were even and did not differ significantly from
each other. These remained proportional throughout the three
study cycles, with no significant difference between the

seasons, apart from the 2018/2019 cycle, where the summer
season differed significantly from the winter season (Table. 1).
The highest relative humidity averages were found in the
summer and spring seasons, while the lowest humidity

averages were found in the fall and winter. The seasons with the
highest averages (spring and summer) and the fall did not differ
significantly from each other, nor did the fall and winter, although
the spring and summer differed from the winter (Table. 1).

3.5 Linear effect regression model:

It should be noted that there was a correlation between EPG
and all climatic factors (rainfall, temperature and humidity).
When analyzing the relationship between rainfall and EPG, a
significant correlation of 5% was observed (0.2236; 0.0791;
0.0177), for the 2015/2016, 2018/2019 and 2021/2022 periods
respectively, as well as between EPG and temperature (0.0195;
0.0007; 0.1232) and EPG and humidity (0.0473; 0.0993;
0.1954), for the cycles respectively studied (Figure. 3).

When analyzing the infective larvae in the pastures (L3), it was
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also possible to observe a significant correlation (0.0098)
between larvae and EPG, where, for every 4.4 infective larvae
present in the pasture, there was an equivalent increase of 1 in
EPG. There was also a significant correlation between larvae
(L3) and rainfall (0.0126), larvae (L3) and temperature (0.4528)

and larvae (L3) and humidity (0.0231) (Figure. 4).

4 DISCUSSIONS

It can be seen that the animals used in this study had high levels
of parasitic infection throughout the experimental periods, above
500 EPG. According to the classification of Saes at al. (2022),
and Reinemeyer (2009) egg counts of 200 to 500 are
considered moderate and above 500 can be considered high
and massive infections. In another study with horses, evaluated
over a period of one year, infected with cyathostomins and S.
vulgaris in the same way as in the present study, there were also
no clinical problems in animals kept without anthelmintic
treatment, which had average EPG counts of between 840 and
2230 throughout the experiment (Sartori et al. 1993).

The fact that the animals' helminth load begins to increase in the
spring season and peaks in the summer can be explained by
the increase in temperature, humidity and rainfall that
characterize these seasons, favoring the conditions for the
development of these parasites (Lyons et al., 2000). According
to Couto et al. (2009), in the rainy season, in tropical climates
with high temperatures, horses have higher EPG counts, which
may be related to the greater elimination of eggs by females

when the weather is more favorable, allowing the development
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and appearance of infective larvae in pastures in seasons with
higher climatic index.

Some studies show that temperatures between 25 and 33°C are
ideal for the evolution of egg and larval stages (Mfitilodze and
Gutchinson 1987; Ogbourne, 1972), with complete development
of the infective form in a period of 3-4 days. This explains the
lower EPG numbers found in winter, since the average
temperature in this season remained below the ideal
temperature in this study.

In general, the climatic variables observed during the periods
studied had a significant influence on the population dynamics
of helminths in these horses. In tropical countries, rainfall,
temperature and humidity are the most important factors
responsible for the development of eggs and larvae in the
environment (Varcasel and Romero, 1999).

The data related to the average humidity and temperature
remained more balanced during the study cycles, not showing
as much variation as the rainfall, therefore it can be said that
among the data that had the greatest variation and
consequently the greatest influence on the degree of
helminthiasis was the rainfall. This great variation in rainfall
during the different climatic periods means that this climatic
factor can be characterized as the one that most influences the
development of Strongylidae eggs, up to the point where the
larvae hatch, since it is during this period that there is a greater
supply of pasture and consequently a greater ingestion of L3,
allowing greater degrees of parasitic infection and the presence

of larvae in the pastures (Salih, 1981).
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The appearance of large strongyles at the end of the three
cycles studied may be directly linked to the long period without
anthelmintic treatment that the animals were subjected to during
the studies. According to researches, longer intervals in the use
of anthelmintic treatments can favor the reappearance of large
strongyles, considered a highly pathogenic parasite (Andersen
et al., 2013; Austin, 1994). Thus, the identification of these
helminths is related to the relatively long pre-patent period of 6
to 11 months, thus reducing the speed of re-infection (Bowman
et al., 2010; Larsen et al. 1996). In a study carried out by Vera
et al. (2020), helminths of the species S. vulgaris, considered to
be sensitive to macrocyclic lactones, were found in one of the
properties studied by the author, which coincides with the site
where the present study was carried out. We know that the
migration of the L3 larval stage from the fecal mass to the
pasture occurs more intensely during the rainy season (English,
1979). Also during this period, the grass becomes more
palatablele to the horses and therefore increases their food
intake and, consequently, the ingestion of L3 (Couto et al.,
2009), thus explaining why during rainier periods, there is a
greater parasite load present in the pasture and consequently in
the animal, allowing the EPG and larvae in the pasture, for
example, to result in the same statistical difference, since they
shared the same climate in different seasons.

It was therefore possible to observe that both the EPG and
larvae in the pasture and the climate data (rainfall, humidity and
temperature) coincide in time. In other words, they are delimited

by the dry season from April to September (fall and winter), and
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the frequent rainy season (rainy season) from October to March
(spring and summer). According to the results observed, there
Is an increase in all the factors in the rainy season, so higher
rainfall, humidity and temperature led to a greater presence of
parasitic infection and larvae in the pasture, unlike the dry
season when all the environmental factors were lower. Thus,
based on the statistical analysis of linear regression, with each
increase in rainfall, temperature and humidity, there is a
significant increase in EPG and larvae in the pastures, the
climate has a direct influence on the presence of helminthosis
in horses, with EPG and larvae increasing equally with the
increase in climatic factors.

Therefore, according to the data observed in this study, it is
possible to come up with a strategic control suggestion, with a
treatment aimed at reducing infection, considering that in the dry
season there is less survival of the larvae in the pasture,
consecutively reducing environmental contamination and that in
the rainy season there is a greater presence of helminthic
infection. As reports of multiple resistance are also becoming
frequent in horses (Favare et al., 2023; Flores et al., 2020; Vera
et al., 2020; Molento et al., 2004), it is necessary to look for
forms of control that reduce the selection pressure of resistant

parasites, such as the use of strategic control.
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5 CONCLUSION

It can be concluded that the population dynamics of helminths
in these horses was directly influenced by the climatic

characteristics, mainly favored by rainfall. Being the time of
greatest parasitic challenge to animals in the stations of spring
and summer, as these are the periods when the horses showed
the highest levels of helminth infection and contamination in the
pasture, warning of greater attention to anti-helminthic control at

this time.
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7 FIGURE CAPTIONS

Table 1. Arithmetic means of eggs per grams of feces (EPG),
monthly rainfall (mm), temperature (°C) and relative air
humidity (%) and infective larvae in pasture in different climatic
periods with different letters on the same line if differ
significantly by the Tukey test (P<0.05).

Fig 1. EPG (eggs per grams of feces); Monthly rainfall (mm),
average temperature (°C) and relative humidity (%) at the
experiment site in the different research periods.

Fig 2. Number of infective larvae per kilogram of dry matter
(Kg.DM) recovered from paddock pasture in the third study
585cycle (2021/2022).

Fig 3. Linear regression analysis showing the significant
correlation between eggs per grams of feces (EPG) and
monthly rainfall (mm), temperature (°C) and relative humidity
(%), in different climatic periods using the SAS University
Edition program (version 9.4).

Fig 4. Linear regression analysis showing the significant
correlation between larvae in pasture and eggs per grams of
feces (EPG), monthly rainfall (mm), temperature (°C) and
relative air humidity (%), in different climatic periods by SAS

University Edition program (version 9.4).
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Table 1. Arithmetic means of eggs per grams of feces (EPG), monthly rainfall (mm), temperature (°C)and
relative air humidity (%) and infective larvae in pasture in different climatic periods with different letters on
tpe same line if differ significantly by the Tukey test (P<0.05).

Seasons

CYCLES Avarage cv ERRP.
Spring Summer Fall Winter
EPG 20152016 1018 ab 1526 a 963 b 616 b 1031 202 1203
201872019 720 ab 953 a R35b 550 b 702 20 81.2
202172022 1057 ab 1639 a 1081 ab 972 b 1187 18.9 13041
PRECIPITATION 20152016 1650 a 1433 a 273b 566 b 1039 B86.6 1.9
(mm) 201872019 1427 a 1217 a 260b 42b 566 78.3 266
202172022 82.6 ab 1624 a hGb 858b 60.4 79.0 284
TEMPERATURE 20152016 26.5 26.8 221 219 243 95 1.3
(C*) 201872019 26.6 ab H1a 27.2ab 240b 272 8.1 1.2
202172022 26.9 26.3 23.2 247 253 11.8 1.7
20152016 739 747 64.3 ab 524b 66.3 10.6 4.0
MOISTURE @ 2 2
(%) 201872019 669a 719a 65.4 ab 51.7b 645 93 34
202172022 65.T7a 739a 56.9 ab 4H1.0b 594 13.9 47
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Fig 1. EPG (eggs per grams of feces); Monthly rainfall (mm), average temperature (°C) and relative humidity

(%) at the experiment site in the different research periods.
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Fig 3. Linear regression analysis showing the significant correlation between eggs per grams of feces (EPG) and
monthly rainfall (mm), temperature (°C) and relative humidity (%), in different climatic periods using the SAS

University Edition program (version 9.4).
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Fig 4. Linear regression analysis showing the significant correlation between larvae in pasture and eggs per

grams of feces (EPG), monthly rainfall (mm), temperature (°C) and relative air humidity (%), in different

climatic periods by SAS University Edition program (version 9.4).



3.  CONSIDERACOES FINAIS

- Os resultados deste estudo evidenciaram que o desenvolvimento e a presencga
guantitativa e qualitativa de helmintos foram influenciados pelo clima, bem como a
temperatura, umidade e especialmente a precipitacao;

- As estacgdes da primavera e verao sdo as que apresentam os maiores numeros de
OPG e consequentemente larvas nas pastagens, ja que também apresentam um
aumento de temperatura, umidade e precipitagdo, permitindo um ambiente
favoravel para o desenvolvimento de helmintos.

- Estagbes como Outono e Inverno obtiveram os menores resultados de helmintos
gastrintestinais, tanto nos animais quanto no ambiente, pois apresentam os
menores valores de fatores climaticos, se ndo ha ambiente favoravél, ndo a
desenvolvimento helmintico.

- Os resultados de OPG e larvas nas pastagens nos trés ciclos de estudos,
demonstraram que primavera e verao nao diferem entre si, mas verao sempre difere
significativamente do inverno, assim como também as médias dos fatores climaticos
(temperatura, umidade e precipitacéo);

- Observa-se que deve ser levado em consideragéo os periodos com maiores
infeccbes parasitarias, para evitar aplicacdes desnecessarias de anti-hélminticos,
qgue se forem administrados em periodos corretos, em que ha o aumento da
presenca de helmintos permite o controle e previne o aparecimento de resisténcia
decorrente a farmacos;

- Tem sido observado prejuizos notérios que foram resultados de tratamentos
desnecessarios que podem gerar custos adicionais e favorecer a resisténcia de
nematddeos gastrintestinais, sendo assim interessante a utilizagcdo de um controle
estratégico de anti-helminticos, concentrando a administracdo na primavera e
verao;

- Estudos avaliando a dindmica sazonal sobre o desenvolvimento de nematodeos
gastrintestinais sao importantes para compreender melhor os possiveis impactos
na saude e bem-estar dos animais parasitados, bem como influenciar as aplicacdes
de anti-helminticos em periodos corretos, evitando prejuizos financeiros e
parasitarios.
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