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RESUMO

O Brasil possui 0 maior plantel de equinos da América Latina e o quarto no mundo.
Entretanto, apesar desse grande plantel, ainda sdo poucos os estudos sobre a ecologia e
epidemiologia de nematddeos parasitos de equinos na pastagem. Nesse contexto, o
conhecimento do grau de contaminacdo das pastagens é muito atil aos propdsitos
epidemioldgicos. Podendo-se determinar, dessa forma, o risco de infeccdo dos animais e
fornecer dados para o estabelecimento de estratégias de manejo adequadas. Sendo assim, o
objetivo desse estudo foi o de avaliar a técnica de FLOTAC na recuperacdo de larvas
infectantes (Ls) de helmintos gastrointestinais de equinos em pastagem e comparar com as
técnicas de Sedimentacdo espontanea e Centrifugo-sedimentacdo. Para isso, foram analisadas
e comparadas 300 amostras de graminea pelas técnicas acima propostas. Todas as técnicas
utilizadas neste estudo foram capazes de detectar larvas de parasitos gastrointestinais de
equinos na pastagem. Sendo a técnica de FLOTAC mais eficaz nesta detecc¢do. Os principais
parasitos recuperados pertenciam as subfamilias Cyathostominae e Strongylinae. Para efeito
de comparacédo entre as técnicas foi determinado o indice kappa, e valores de sensibilidade,
especificidade, valores preditivos positivos e negativos e precisdo também foram calculados.
Este estudo, trata-se do primeiro relato da utilizacdo da técnica de FLOTAC para recuperacdo
de larvas na pastagem.Tendo em vista os resultados obtidos, a técnica de FLOTAC
apresentou-se mais apropriada do que as demais técnicas utilizadas para recuperacéo de larvas

na pastagem.

Palavras-chave: Parasitologia, Nematddeos, Larvas, Pasto, Diagnostico



ABSTRACT

Brazil has the largest herd of horses in Latin America and the fourth largest in the world.
However, despite this large population, there are still few studies on the ecology and
epidemiology of parasitic nematodes of horses in pasture. In this context, knowledge of the
degree of contamination of pastures is very useful for epidemiological purposes. In this way,
the risk of infection of the animals can be determined and data can be provided for the
establishment of appropriate management strategies. Therefore, the objective of this study
was to evaluate the FLOTAC technigue in the recovery of infective larvae (L3) from
gastrointestinal helminths of equines in pasture and to compare with the techniques of
Spontaneous sedimentation and Centrifugal sedimentation. For this, 300 samples of grass
were analyzed and compared by the techniques proposed above. All the techniques used in
this study were able to detect larvae of gastrointestinal parasites of horses in the pasture. The
FLOTAC technique is more effective in this detection. The main parasites recovered belonged
to the subfamilies Cyathostominae and Strongylinae. For comparison purposes, the kappa
index was determined, and sensitivity, specificity, positive and negative predictive values and
precision were also calculated. This study is the first report of the use of the FLOTAC
technique for recovery of larvae in the pasture. Considering the results obtained, the FLOTAC
technique was more appropriate than the other techniques used to recover larvae in the

pasture.

Keywords: Parasitology, Nematode, Larvae, Pasture, Diagnosis



1. INTRODUCAO

Atualmente, o Brasil possui oito milhdes de equinos movimentando anualmente em
torno de 7,3 bilhdes de reais, sendo o maior plantel da América Latina e o quarto mundial,
distribuidas nas regiGes Sudeste (24,2%), Nordeste (22,9%), Centro-Oeste (19,1%), Sul
(17,7%) e Norte (16.1%) (MAPA, 2014).

Em funcéo deste plantel de animais, foi instituido o Programa Nacional de Sanidade
dos Equideos (PNSE), com o objetivo de realizar vigilancia epidemioldgica e sanitaria das
principais doengas dos equideos, visando a profilaxia, o controle e a erradicacdo destas
doencas em todos os Estados da Federacdo (BRASIL, 2009). Contudo, ndo se encontra

contemplada neste programa as doengas causadas por helmintos.

As helmintoses possuem uma variedade de agentes, que sdo diretamente influenciados
pelo manejo da criacio e as condicBes climaticas de cada regido (VERISSIMO, 2008), que
repercutem no bem-estar e produtividade dos animais, além da geracdo de elevadas perdas
econémicas (ALMEIDA, 2010).

Entre esses helmintos parasitos de equinos, 0s ciatostomineos (Nematoda -
Cyathostominae) sdo o0s nematodeos mais prevalentes no intestino grosso de equinos
(BEZERRA et al., 2007; CORNING, 2009), sendo apontados como a principal causa de
mortalidade, particularmente pela sindrome de coélica em equideos (MARCHAND, 2000;
MAGNAN, 2000).

Os ciatostomineos apresentam duas fases distintas no seu desenvolvimento, uma fase
de vida parasitaria que ocorre no hospedeiro, iniciando-se com ingestéo da larva infectante e
completando-se com o parasito adulto eliminando ovos nas fezes, e uma fase de vida livre,
gue ocorre na pastagem, e compreende desde a fase de (L1) até o desenvolvimento da larva
infectante (Ls) (CORNING, 2009).

Neste sentido a contaminacgio da pastagem pode chegar até de 12x10° ovos por dia
(REINECKE, 1983) e as L3 tém sua sobrevivéncia e manutencao controladas pelas condigcdes
climaticas (HERD, WILLARDSON, GABEL, 1985), estando presente na pastagem durante

todo o0 ano e mesmo com um trabalho preventivo realizado atraves do tratamento do animal,



esta fonte de alimento (pastagem) pode ser considerada uma importante fonte de infecgéo para
o0s equinos (FOZ FILHO, 1999).

As gramineas possuem caracteristicas diferentes, como pilosidade, serosidade,
tamanho, habito de crescimento, que podem auxiliar ou ndo no desenvolvimento, na
sobrevivéncia e na migracdo de larvas infectantes nas pastagens (VIANA, 1999). Entretanto,
poucos sdo os estudos sobre a identificacdo dessas larvas em pastagens do género Panicum,

uma das forrageiras mais utilizadas na alimentagédo dos equinos.

Porém, além das caracteristicas bromatologicas das gramineas, as varidveis
ambientais como temperatura e umidade sdo determinantes para o desenvolvimento,
sobrevivéncia e migracdo dessas larvas na pastagem. Como essas larvas apresentam
fototropismo negativo, migrando para as partes mais elevadas da forrageira no periodo
noturno, existem épocas do ano em que as condi¢cdes ambientais sdo mais favoraveis ao seu

desenvolvimento e migracdo nas pastagens. (FOZ FILHO, 1999).

Atualmente, a técnica de FLOTAC® tem sido utilizada para deteccdo de ovos, larvas e
oocistos de parasitos gastrointestinais de diferentes espécies animais, incluindo o homem
(CRINGOLI et al., 2010) apresentando alta sensibilidade e especificidade quando comparado
as demais técnicas (LIMA et al., 2015). No entanto, ndo existem relatos da utilizagdo desta
técnica para deteccdo larvas de endoparasitos de equinos em pastagens. Diante do exposto, o
presente estudo teve como objetivo avaliar a utilizacdo técnica de FLOTAC® na recuperagéo

de larvas infectantes (Ls) de estrongilideos parasitos de equinos na pastagem.
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2. REVISAO DE LITERATURA
2.1 Nematddeos gastrointestinais de equinos

Os nematddeos gastrointestinais de equinos pertencem ao filo Nematoda, ordem
Strongylida, superfamilia Strongyloidea e familia Strongylidae (URQUHARTH et al., 1996).

Dentre este grupo, destacam-se aqueles espécimes pertencentes a subfamilia
Cyathostominae, conhecidos como pequenos estréngilos ou ciatostomineos que séo, por sua
vez, representados por mais de 40 espécies, particularmente, Cyathostomum tetracanthum,
Cylicocyclus nassatus, Cylicostephanus minutus, Cylicosthephanus longibursatus,
Cylicocylus leptostomus, Cylicostephanus calicatus, Cylicostephanus goldi, Cyathostomum
pateratum, Coronocyclus labiatus, Coronocyclus coronatus (HODGKINSON et al., 2008) e
aqueles nematodeos pertencentes a subfamilia Strongylinae, conhecida por grandes

estrongilos (Strongylus vulgaris, Strongylus equinus e Strongylus edentatus).

Os pequenos estrongilos ou ciatostomineos sdo considerados as espécies de
nematddeos mais prevalentes e patogénicos de equinos, sendo localizados no ceco e célon,
produzindo um consideravel impacto negativo na sanidade dos equinos (OGBOURNE, 1976).
Além disso, sdo responsaveis por um grande desconforto abdominal, que é repercutido nos
quadros de colica (KLEI e CHAPMAN, 1999; TAVASSOLI et al., 2010).

O género Strongylus, conhecido também como grandes estrongilos é o mais
importante, tendo como principais espécies: S. vulgaris, S. equinus e S. edendatus, sendo o S.
vulgaris considerado a espécie mais patogénica por suas lesdes no sistema arterial
mesentérico (ANDERSEN et al., 2013).

2.2 Ciclo Bioldgico

Em linhas gerais, as espécies da familia Strongylidae apresentam um ciclo de vida
exogeno e outro enddgeno. Na fase exodgena, os ovos sdo eliminados nas fezes dos
hospedeiros e se desenvolvem no ambiente até o desenvolvimento da larva de 1°estagio (L1)
e sua subsequente eclosdo e desenvolvimento de larvas de 2° e 3° estdgio (L2 e L3). Na fase
enddgena, ocorrem 0s estagios L4 e L5 antes da maturagdo para adulto (URQUHART et al.,
1996).
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Particularmente, no que se refere aos pequenos estrongilos, 0S mesmos possuem um
ciclo de vida direto, onde os ovos liberados pelas fémeas sdo lancados no ambiente através
das fezes do hospedeiro. No ambiente, 0s ovos passam por um desenvolvimento embrionario
que culmina com a eclosdo da larva de primeiro estdgio (Li). Na pastagem ocorre 0
desenvolvimento da larva até o terceiro estagio, também chamada de larva infectante ou Ls.
Os equinos séo infectados atraves da ingestdo da Ls. Dentro do hospedeiro, a larva continua
seu desenvolvimento até chegar a fase adulta (LYONS et al., 1999). Neste tipo de infeccdo,
ocorre uma fase histotrofica conhecida por “ciatostomiase larval”, podendo ocasionar
enteropatia inflamatdria no ceco e coélon resultando em enterite catarral e hemorrégica,
diarreia, cdlica, perda de peso, e morte do animal (COBB e BOECKH, 2009).

Em relacdo ao ciclo bioldgico do género Strongylus, as larvas infectantes (Ls) apds
terem sido ingeridas, penetram na mucosa do intestino até atingirem o estagio L4 (FREITAS,
1986). As formas L4 continuam a migracao até atingir a artéria mesentérica cranial, local onde
evoluem até o estagio de adulto imaturo (Ls) e retornarem ao limen intestinal (DUNCAN e
PIRIE, 1972). Esta migracdo de larvas causa endarterite fibrinosa com tromboses
pronunciada, formacao de aneurismas e outras alteraces patoldgicas das estruturas dos vasos
sanguineos (DUNCAN, 1974; ANDERSEN et al., 2013; NIELSEN et al., 2012).

12



a4

Fonte: Raphael Lepold, 2018

Figura 1. Ciclo biologico de Estrongilideos. 1 — ovo embrionado; 2, 3, 4 — larva infectante
estagio L1, Lo, e Ls; 5 — L3 ingerida através da pastagem.

2.3 Controle das Helmintoses

O controle desses nematddeos geralmente € feito pela utilizacdo de anti-helminticos,
porém o uso indiscriminado e a auséncia de estratégias adequadas de controle resultaram no
desenvolvimento de uma resisténcia por parte dos ciatostomineos, principalmente no que se
refere aos benzimidazo6is (BORGSTEEDE, et al., 1997; KAPLAN, 2002; MATTHEWS et al.,
2004).

Sendo assim, os programas de controle das propriedades, habitualmente baseiam-se

em tratamentos frequentes com rotacdo rapida de farmacos (MATTHEWS et al., 2004).
Mantendo dessa forma, um esquema de tratamento antiparasitario de trés a quatro vezes por
13



ano (HERTZBERG et al., 2014). Este uso indiscriminado dos farmacos é o fator mais
importante, j& que muitas vezes sdo realizados o0s tratamentos supressivos sem 0
conhecimento da carga parasitaria do animal (KAPLAN e NIELSEN, 2010), promovendo a
relacdo de organismos resistentes prejudicando a sustentabilidade do programa sanitario.
Além disso, a proporcdo da populacdo de parasitos que ndo esta exposta ao tratamento
quimico é descrita como refugia e embora muitos fatores afetem a taxa na qual a resisténcia
aos anti-helminticos se desenvolve, os niveis em refugia sdo considerados 0s mais

importantes.
2.4 Métodos Alternativos de Controle

Um manejo adequado é parte essencial do controle de estrongilideos (LYONS et al.,
1999). Desse modo, esse controle deve ter como base, estratégias de gestdo que busquem
reduzir o uso de anti-helminticos, a selecdo de parasitos resistentes e também a liberagéo de
produtos quimicos no ambiente (MOLENTO, 2005). Dentre as estratégias de gestdo,
recomenda-se também uma integracdo de outras formas de controle, buscando reduzir o

namero de larvas infectantes nas pastagens, promovendo assim a redu¢édo da reinfeccao.

Nesse sentido, a rotacdo de pastagens € amplamente utilizada, associada algumas
vezes a um rodizio de animais com a finalidade de reduzir os parasitos no pasto através da
retirada de seu hospedeiro e entrada de outro animal. Outros métodos de controle parasitério
consistem na retirada das fezes da pastagem e a destruicdo das massas fecais, expondo 0s
ovos e larvas a acdo do ambiente; e, & acdo de besouros presentes nas massas fecais atuando
na eliminacéo da refugia (BAUDENA et al., 2000).

Entretanto, esses métodos tém conseguido um sucesso limitado, sendo necessaria a
adocdo de medidas alternativas. Nos ultimos anos, tem-se proposto a utilizacdo de fungos
nematdfagos, que sejam predadores naturais de nematodeos, visando reduzir o nimero de L3

nas pastagens.
2.5 A Pastagem

A cultivar Massai € um hibrido espontaneo entre Panicum maximum e Panicum
infestum. E uma planta de hébito de crescimento cespitoso, com altura média de 60 cm.
Possui uma excelente producédo de forragem, boa cobertura do solo, maior tolerdncia em areas

com grande concentracdo de aluminio, melhor persisténcia em terrenos com baixos niveis de
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fésforo, com grande velocidade de estabelecimento e rebrota.

Quando comparado a outras variedades do género Panicum maximum, o capim
Massai apresenta-se mais adaptado as condi¢Bes de baixa fertilidade do solo e com boa
resisténcia ao ataque da cigarrinha-das-pastagens. As laminas apresentam densidade média de
pélos curto e duro na face superior, ja a bainha apresenta densidade alta desses pélos. Os
colmos sdo verdes e possuem uma excelente producdo de forragem, as inflorescéncias
apresentam ramificacfes primarias (EMBRAPA-CNPGC, 2001). Trata-se de um capim que
possui alta aceitacdo por parte dos equinos, seja na forma de pastagem ou de feno. Por esse
motivo é bastante difundido na alimentacdo desses animais. Esta graminea possui
caracteristicas especificas que podem influenciar diretamente ou ndo na dindmica migratéria

de larvas infectantes e na sua sobrevivéncia.
2.6 Distribuicéo e Longevidade de Larvas Infectantes na Pastagem

Fatores ambientais podem influenciar tanto no desenvolvimento quanto na
sobrevivéncia das larvas na pastagem, assim como sua distribuicio na graminea
(STROMBERG, 1997).

O tempo de desenvolvimento varia de uma area geografica para outra, dependendo das
condigdes geograficas do local. Sendo assim, o desenvolvimento dos ovos e a eclosdo das
larvas sdo mais lentos em temperaturas mais baixas, aumentando a taxa de evolugdo na
medida que essa temperatura aumenta (STROMBERG, 1997). O autor relata também que
umidade relativa do ar também exercera influéncia na motilidade e movimentacao das larvas
na pastagem; ou seja, quando o ambiente é seco, a movimentacgdo das larvas sobre a pastagem
se torna quase impossivel, forcando uma migracdo das larvas para o solo logo abaixo da

massa fecal.

Por outro lado, a precipitacdo pluviométrica pode acarretar a destruicdo da massa
fecal e consequente dispersdo das larvas pela pastagem. Segundo Craig (1999), apenas uma

gota de chuva pode transportar as larvas até uma distancia de 90 centimetros da massa fecal.

Outro fator importante é o efeito da temperatura. Acredita-se que a faixa de
temperatura ideal para o desenvolvimento de larvas de ciatostomineos esta entre 25 e 33°C.
Nesta temperatura, as larvas podem atingir o estagio de Lz em trés ou quatro dias sendo 28°C

a temperatura ideal para o desenvolvimento (NIELSEN et al., 2013). O mesmo autor relata
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que a temperatura maxima para o desenvolvimento até o estagio de larva infectante, é de
38°C, pois a partir de 40°C foi verificada uma morte muito rapida dos ovos, enquanto que a
temperatura minima observada para eclosdo das larvas foi entre 7,5 e 10°C, porém foi
observado o desenvolvimento nos ovos embrionados a temperaturas inferiores. Abaixo de 4°C
0 desenvolvimento dos ovos é interrompido Todas as variaveis ambientais influenciam e

tornam complexo o desenvolvimento, migracéo e sobrevivéncia das larvas na pastagem.
2.7 Técnicas para Recuperacdo de Larvas Infectantes na Pastagem

O primeiro registro de utilizacdo de uma técnica para recuperar larvas infectantes da
pastagem foi descrito por Taylor em 1939. A técnica consistia em uma adaptacdo do classico
método de Baermann em que grandes quantidades de vegetacdo eram cortadas em pequenos
pedacos dispostas em recipientes com agua e aguardado um tempo para sedimentacdo. Em
seguida, as amostras eram tamisadas por papel filtro e a subsequente separagéo das larvas do
sedimento era realizado pelo funil de Baermann. A ineficiéncia do método e a perda de larvas

durante a separacao foi reconhecida pelo autor.

Outro método para recuperar larvas infectantes da pastagem, foi desenvolvido por
Crofton em 1954 e denominado de Flutuacdo. Neste método, as amostras eram umedecidas,
onde se adicionava lentamente uma solucdo de sulfato de zinco (ZnSO4) que permanecia por
cinco minutos e posteriormente eram tamisadas. No entanto, o pesquisador ndo considerou 0s

resultados satisfatorios.

Em 1955, Parfitt, fez uso do método de centrifugacdo apos lavagem das amostras e
adicdo de solucdo por diferenca de densidade, para separar Ls do sedimento proveniente da
centrifugacdo. Ele trabalhou com grandes quantidades de pastagem e no teste de seu método,
guando adicionou um numero conhecido de Ls na vegetagdo, foi observado uma taxa de

recuperacdo em torno de 43%.

Mais uma vez a técnica de Baermann modificada foi utilizada para recuperar Lz de
tricostrongilideos da pastagem por Rohrbacher Jr. (1957). O mesmo adicionou gotas de
detergente ndo-idnico, na proporcao de 0,5ml por litro nas amostras de vegetacdo cortadas
submersas em recipientes com agua. O procedimento resultou no aumento do numero de
larvas recuperadas da vegetagdo. No entanto, o autor concluiu que, os percentuais de
recuperagdo foram baixos; indicando que a estimativa do nimero de larvas presentes no pasto,

por esta técnica inspirava cautela.
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No ano de 1967, Donald, visando o estudo da frequéncia e distribuicdo de Ls de
tricostrongilideos em amostras de pastagem ao acaso, desenvolveu uma nova técnica para
recuperar larvas de pequenas amostras de 25 a 35g da pastagem. A técnica consistia
basicamente em vérias lavagens das amostras de vegetacdo, com a utilizacdo de detergente
ndo-idnico, duas centrifugacdes e separacdo das Lz do sedimento por ressuspencdo. Usando
para o procedimento solucdo de iodeto de potassio a 1.63 molar. A avaliacdo quanto a
eficiéncia da técnica mostrou que seu desempenho foi independente da quantidade de larvas

presentes, podendo a mesma recuperar de 90% a 94% das larvas no pasto.

Depois da técnica descrita por Donald, outras técnicas surgiram, baseadas no mesmo
principio tendo na realidade poucas modificacdes e apresentando pequenas diferencas no
percentual de recuperagdo de Ls da pastagem (BAWDEN, 1969; LANCASTER, 1970).
ESYKER e KOOYMAN (1993) comentaram a falta de padronizacdo de técnicas nessa area e
sugeriram que os pesquisadores ndo sO escolhessem determinada técnica mais também
testassem e comparassem. COUVILLION (1993) em seu trabalho de revisdo enfatizou a
padronizacdo da técnica escolhida pelo periodo de observacdo, e também, argumentou a
importancia da estimativa do nimero de larvas infectantes na vegetacdo como um importante

estudo adjunto a epidemiologia de nematidioses gastrintestinais.

O FLOTAC® trata-se de uma nova ferramenta para pesquisa e diagndstico utilizada
para deteccdo de ovos, larvas e oocistos de parasitos gastrointestinais de diferentes espécies
animais. Segundo Cringoli et al. (2010), os resultados parasitoldgicos obtidos por meio desta
técnica sdo altamente precisos, aumentando em até 10 vezes a possibilidade de detecgdo de
0vos, oocistos e larvas, quando comparado com técnicas classicas. Outro fator que contribui
para alta eficacia do FLOTAC® na detecgdo de parasitos gastrointestinais esta relacionado ao
desenho do aparelho, o qual foi projetado com duas camaras amostrais de flutuagdo com
capacidade para 5 mililitros cada, ambas recobertas por uma grade contendo 12 colunas
distribuidas em um quadrante de 18x18 milimetros, a fim de aumentar a area de fixacdo dos
ovos e larvas apo6s o processo de flotacdo. A alta sensibilidade, especificidade e acurécia da
técnica FLOTAC® esta relacionada também a variagdo das solugdes de flotacdo utilizadas que
sdo o cloreto de sodio e o sulfato de zinco. Apresentando especificidade gravitacional de 1.20
e 1.35 respectivamente sobre a mesma amostra, aumentando a deteccdo e quantificacdo dos

diferentes géneros de parasitos gastrointestinais.
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4. OBJETIVOS
OBJETIVO GERAL

- Avaliar a técnica de FLOTAC na recuperacdo de larvas infectantes (Ls) de helmintos

gastrointestinais de equinos em pastagem.
OBJETIVO ESPECIFICO

- Comparar as técnicas de FLOTAC, Sedimentacdo espontanea e Centrifugo-Sedimentacdo

para recuperacao de larvas na pastagem
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Capitulo |

Applicability of FLOTAC® technique in recovering equine

strongyle larvae in the pasture: A comparison study

Capitulo estruturado em formato de artigo e publicado na revista Veterinary Parasitology (V.
250, p. 68-70, 2018)

24



Applicability of FLOTAC® technique in recovering equine strongyle larvae in the

pasture: a comparison study

ABSTRACT

The FLOTAC® technique represents a highly sensitive method for the isolation of
oocysts, eggs, and larvae of parasites in faeces. This assay could be used for detecting free-
living stages of nematodes in the pasture but no attempt has been assessed so far. Therefore,
the performance of FLOTAC® technique for isolating infective larvae of nematodes in the
environment was investigated and compared with the spontaneous sedimentation (SST) and
centrifugal sedimentation (CST) techniques. The study was conducted in a horse farm located
in northeastern Brazil, where the occurrence of strongyle larvae had been previously reported.
Pasture samplings were collected monthly from January to May 2016 in a 376 m?2 crop area
harvested with the Guinea grass Panicum cultivar Massai. The recovery of third-stage larvae
(L3) was performed using the FLOTAC®, SST and CST techniques. Values of Cohen's kappa
coefficient, sensitivity, specificity, positive and negative predictive values, and accuracy of
each technique were assessed. Although strongyle larvae were evenly detected, with the
FLOTAC® technique yielded the highest number of positive samples (i.e., 41%, 41/100, p <
0.0001). The main parasites isolated belonged to the Cyathostominae and Strongylinae
subfamilies. Based on these results, the FLOTAC® technique should be considered as
practical and safe method for the isolation of nematode larvae in the pasture, thus opening a
new potential use for this tool in the field.

Keywords: Cyathostominae; Horses; Pasture; FLOTAC®, Strongyles.
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1. Introduction

Strongyles are among the most important nematodes affecting equids (Bezerra et al.,
2007; Corning, 2009). They have been indeed considered an important cause of mortality in
these animals due to the onset of diarrhoea, anaemia, unthriftiness or colic syndrome (Lyons
et al., 2000). These parasites show a complex life cycle, which includes parasitic and free-
living stages. The development and survival of larvae in the pasture are influenced by climate,
being highly variable according to the area where the parasites perpetuate (Rocha et al.,
2012). Accordingly, an efficient control cannot be easily achieved for these nematodes, as it
largely depends on the population dynamic of the parasite in the infected hosts and in the
environment. In fact, it has been recognized that the availability and the occurrence of
infective larvae (L3) in the pasture is a key factor for the epidemiology of the infection and its
progression into a clinical disease (Stromberg, 1977). Therefore, strategies that reduce the L3
ingestion and quantify the environmental contamination are important to tackle these parasites
(Krecek et al., 1992).

Nowadays, classic coproparasitological methods, such as the Baermann-Wetzel
technique (Quinelato et al., 2008) and sedimentation methods (Amount et al., 1996) represent
the techniques most commonly used for their diagnosis. However, the lack of standardization
associated with the low sensitivity of these methodologies has hindered the development of
new and more reliable parasitological tools to achieve this purpose (Knapp-Lawitzke et al.,
2014).

Recently, a technique known as FLOTAC® has been developed, showing a high
sensitivity for the detection of oocysts, eggs, and larvae of parasites shed in the faeces by
different animal species, including humans (Cringoli et al., 2010). This tool has been
extensively tested and its performance overcomes the efficacy of classical methods employed

to detect immature forms of parasites (Lima et al., 2016). However, this technique has never
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been employed for recovering L3 of gastrointestinal parasites in the pasture. Therefore, the
aim of this study was to assess the performance of the FLOTAC® technique in detecting
larvae of horse strongyles in the field. The spontaneous sedimentation (SST) and centrifugal
sedimentation (CST) techniques were used as comparison to assess the efficacy of FLOTAC®

in the field.

2. Material and methods
2.1 Study area

The study was conducted in a horse farm located in the municipality of Timbauba
(7°30'18' 'South and 35°19'04" West), state of Pernambuco, northeastern Brazil. According to
the classification of Koppen-Geiger, the climate is Tropical (Aw). The average annual
temperature of the area is 24.7°C (range= 19.8°C - 38.0°C) and the annual average rainfall is

about 1073 mm (range= 1000 - 1150 mm).
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@ Timbauiba

Figure 1: Maps of Timbauba, Brazil

2.2 Pasture sampling and analysis

From January to May 2016, samplings of pasture were collected monthly in a 376 m?

crop area harvested with the Guinea grass Panicum cultivar Massai. A total of 10 samples
were collected between 06:00 and 07:00 AM by cutting fresh grass and analysed as described
in previous studies (Amarante and Barbosa, 1995). Briefly, pasture samples were collected at
the crossover points within a grid, with regular intervals of 4.75 m. From each collection
point, about 100 g of grass was sampled, totalling a final weight of 1 kg. Twenty horses used
continuously the investigated area for grazing (1 horse/18.8 m?).

The grass was cut into small pieces (3-4 cm) and evenly distributed over 10 sieves (1
mm mesh) arranged above a plastic container. Then, 1 L of distilled water was slowly poured
over the material, that was plunged for 24 hours. Afterwards, all the material was
homogenized, transferred into a 1 L glass container, and stored at 2-6°C for 24 hours
(Amarante and Barbosa, 1995). Finally, the supernatant was discarded, 120 mL of the
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material was fractionated into aliquots of 40 mL each, and evaluated by the FLOTAC®
(Cringoli et al., 2010), SST (Hoffman et al., 1934) and CST (Blagg et al., 1955). Samples
were analysed in duplicate, totalling 60 samples (i.e., 20 for each technique) of grass per
month. At the end of the study period, a total of 300 analyses were performed, being 100 for
each method. Larvae were identified at the subfamily level based on their morphological
features (Bevilaqua et al., 1993).

Faecal samples collected from the 20 horses grazing the pasture were performed on
January and on May 2016, and analysed through the Mini-FLOTAC® method (Barda et al.,
2013). This technique has a detection limit of 5 eggs per gram (EPG) of faeces, using a

saturated glucose-NaCl solution as flotation medium (specific gravity: 1.25).

2.3 Data analysis

Overall data on the positivity of three techniques were analysed using the McNemar’s
test, with differences considered statistically significant when p < 0.0001. Conversely, the
Partitioning Chi-square test was used to compare the results of subfamilies with a significant
level of p < 0.05. Both analyses reported above were performed using the BioEstat software
(version 5.0; Mamiraua/CNPq, Belém, PA, Brazil).

The Cohen's kappa coefficient (k) was calculated to evaluate the agreement between the
different techniques. In addition, the sensitivity, specificity, positive and negative predictive
values, and accuracy of each technique was determined using the InStat software with

significance level p < 0.05 (GraphPad Software, Inc., 2000).
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3. Results

The three techniques allowed a successful isolation of Cyathostominae and
Strongylinae larvae in the pasture. In particular, out of 100 samples analysed for each method,
41 (41%) analysed by the FLOTAC® technique were positive, whereas only 6 samples (6/100)
were positive at the SST or at the CST (p < 0.0001). No statistical difference was observed
between the positivity of the test and the subfamily of the parasite detected (p = 0.4643)
(Table 1).

Table 1. Frequency of infective larvae (L3) of strongyles recovered from the pasture

Technique Parasite Subfamily  Frequency (%) (n/N)
FLOTAC Cyathostominae 53.6 (22/41)
Strongylinae 46.4 (19/41)
Spontaneous sedimentation Cyathostominae 33.3 (2/6)
Strongylinae 66.7 (4/6)
Centrifugal sedimentation Cyathostominae 33.3 (2/6)
Strongylinae 66.7 (4/6)

According to the values of sensitivity, specificity, positive and negative predictive
values, and accuracy, the FLOTAC® technique showed the highest performance (Table 2). At

the k analyses, a poor concordance (k = 0) was observed among methods.
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Table 2. Statistical values recorded for the recovery of infective larvae (L3) of strongyles
from the pasture, according to the technique employed

Technique Parasite Subfamily Parameters (%)
Sensitivity Specificity  Predictive Predictive  Accuracy
value (+) value (-)

FLOTAC Cyathostominae 32 100 100 41 54

Strongylinae 28 100 100 39 51
Spontaneous Cyathostominae 11 100 100 84 85
Sedimentation

Strongylinae 23 100 100 86 87
Centrifugal Cyathostominae 13 100 100 86 87
Sedimentation

Strongylinae 26 100 100 88 89

During the study, a mean of 4.4 (range= 2-16 larvae), 3 (range 1-6) and 31.2 (range 8-
74 larvae) larvae were detected using the SST, CST and FLOTAC® technique, respectively.
Overall, results of the faecal analysis of horses showed that 80% (16/20) and 85% (17/20) of
animals were positive for gastrointestinal parasite eggs (i.e., Parascaris sp. and Strongylidae)

sampled in January and in May 2016, respectively.

4. Discussion

This study investigated the performance of three different methods for the recovery of
L3 of gastrointestinal parasites of horse in the pasture. Results demonstrate that the FLOTAC®
technique shows a higher performance when compared with other classic methods. Indeed,
this assay allowed to isolate and recovery nematode larvae at least sevenfold than SST and
CST (p < 0.0001). Although these two techniques have been extensively used over the last
decades in this type of research (Amount et al., 1996; Rocha et al., 2012), the FLOTAC®
appears as a high sensitive tool. All nematode larvae recovered belonged to Cyathostominae
and Strongylinae subfamilies. Both groups of nematodes detected in this study have been

recognized as important and prevalent parasites of horses worldwide (Lester et al., 2013).
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The differences of performance among the techniques used could be attributed to the
density of solutions and to the presence of faecal/soil debris, which may impair the
microscopical examination of the sample, as it happens in the SST. In addition, the higher
performance of the FLOTAC® technique may be also related to the variation of flotation
solutions employed. It is known that this method employs two types of flotation solutions
(i.e., sodium chloride (s.g.=1.2) and zinc sulfate (s.9.=1.35), which increase the sensitivity of
the test and the detection of immature forms of parasites (Cringoli et al., 2010).

This is the first study that investigated the use of FLOTAC® for the recovery of
nematode larvae from the pasture. Information of the presence of L3 of nematodes in the
environment is pivotal to establish appropriate control strategies against different species of
parasites. It is know that the survival of free-living stages of nematodes is influenced by
different climatic conditions (Rocha et al., 2012). The area of study is located in a tropical
region where wide variations of temperature and rainfall are not frequently observed.
However, in temperate regions where seasons of year are well defined, the recovery of larvae
by the FLOTAC® may be higher than those herein observed.

In conclusion, the FLOTAC® presented a higher performance than other classic
methods. Therefore, considering the practicality and safety of this technique, FLOTAC®
should be recommended in the future and employed for detecting nematode larvae in the
pasture. This might open new possibilities for the application of this test. Further researchers
focusing on the recovery of nematode larvae throughout the year could be important to better
understand the impact of the use of the FLOTAC® in the determination of the pasture

contamination.
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5. Considerac0es Finais

As trés técnicas utilizadas foram capazes detectar larvas presentes na pastagem.

Entretanto, a técnica de FLOTAC apresentou-se mais apropriada para recuperagao de
larvas infectantes na pastagem.

Este estudo trata-se do primeiro relato da utilizacdo da técnica de FLOTAC com o
objetivo de recuperar larvas na pastagem.
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ARTICLE INFO ABSTRACT

Keywords: The FLOTAC" technique represents a highly sensitive method for the isolation of oocysts, eggs, and larvae of
Cyathostominae parasites in faeces. This assay could be used for detecting free-living stages of nematodes in the pasture but no
Horses attempt has been assessed so far. Therefore, the performance of FLOTAC" technique for isolating infective larvae
Pasture | of nematodes in the environment was investigated and compared with the spontaneous sedimentation (SST) and
I;;?;;ies centrifugal sedimentation (CST) techniques. The study was conducted in a horse farm located in northeastern

Brazil, where the occurrence of strongyle larvae had been previously reported. Pasture samplings were collected
monthly from January to May 2016 in a 376 m? crop area harvested with the Guinea grass Panicum cultivar
Massai. The recovery of third-stage larvae (L3) was performed using the FLOTAC®, SST and CST techniques.
Values of Cohen's kappa coefficient, sensitivity, specificity, positive and negative predictive values, and accuracy
of each technique were assessed. Although strongyle larvae were evenly detected, with the FLOTAC" technique
yielded the highest number of positive samples (i.e., 41%, 41/100, p < .0001). The main parasites isolated
belonged to the Cyathostominae and Strongylinae subfamilies. Based on these results, the FLOTAC" technique
should be considered as practical and safe method for the isolation of nematode larvae in the pasture, thus

opening a new potential use for this tool in the field.

1. Introduction

Strongyles are among the most important nematodes affecting
equids (Bezerra et al., 2007; Corning, 2009). They have been indeed
considered an important cause of mortality in these animals due to the
onset of diarrhoea, anaemia, unthriftiness or colic syndrome (Lyons
et al., 2000). These parasites show a complex life cycle, which includes
parasitic and free-living stages. The development and survival of larvae
in the pasture are influenced by climate, being highly variable ac-
cording to the area where the parasites perpetuate (Rocha et al., 2012).
Accordingly, an efficient control cannot be easily achieved for these
nematodes, as it largely depends on the population dynamic of the
parasite in the infected hosts and in the environment. In fact, it has been
recognized that the availability and the occurrence of infective larvae
(L3) in the pasture is a key factor for the epidemiology of the infection
and its progression into a clinical disease (Stromberg, 1997). Therefore,
strategies that reduce the L3 ingestion and quantify the environmental
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contamination are important to tackle these parasites (Krecek et al.,
1992).

Nowadays, classic coproparasitological methods, such as the
Baermann-Wetzel technique (Quinelato et al., 2008) and sedimentation
methods (Amount et al., 1996) represent the techniques most com-
monly used for their diagnosis. However, the lack of standardization
associated with the low sensitivity of these methodologies has hindered
the development of new and more reliable parasitological tools to
achieve this purpose (Knapp-Lawitzke et al., 2014).

Recently, a technique known as FLOTAC  has been developed,
showing a high sensitivity for the detection of oocysts, eggs, and larvae
of parasites shed in the faeces by different animal species, including
humans (Cringoli et al., 2010). This tool has been extensively tested and
its performance overcomes the efficacy of classical methods employed
to detect immature forms of parasites (Lima et al., 2016). However, this
technique has never been employed for recovering L3 of gastro-
intestinal parasites in the pasture. Therefore, the aim of this study was

Received 11 November 2017; Received in revised form 17 December 2017; Accepted 18 December 2017

0304-4017/ © 2017 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03044017
https://www.elsevier.com/locate/vetpar
https://doi.org/10.1016/j.vetpar.2017.12.014
https://doi.org/10.1016/j.vetpar.2017.12.014
mailto:rafael.ramos@ufrpe.br
https://doi.org/10.1016/j.vetpar.2017.12.014
http://crossmark.crossref.org/dialog/?doi=10.1016/j.vetpar.2017.12.014&domain=pdf

L.C.d.N. Ramos et al.

to assess the performance of the FLOTAC" technique in detecting larvae
of horse strongyles in the field. The spontaneous sedimentation (SST)
and centrifugal sedimentation (CST) techniques were used as compar-
ison to assess the efficacy of FLOTAC" in the field.

2. Material and methods
2.1. Study area

The study was conducted in a horse farm located in the municipality
of Timbatiba (7°30’18" ‘South and 35°19’04” West), state of
Pernambuco, northeastern Brazil. According to the classification of
Koppen-Geiger, the climate is Tropical (Aw). The average annual tem-
perature of the area is 24.7 °C (range = 19.8 °C-38.0 °C) and the annual
average rainfall is about 1073 mm (range = 1000-1150 mm).

2.2. Pasture sampling and analysis

From January to May 2016, samplings of pasture were collected
monthly in a 376 m? crop area harvested with the Guinea grass Panicum
cultivar Massai. A total of 10 samples were collected between 06:00 and
07:00 AM by cutting fresh grass and analysed as described in previous
studies (Amarante and Barbosa, 1995). Briefly, pasture samples were
collected at the crossover points within a grid, with regular intervals of
4.75 m. From each collection point, about 100 g of grass was sampled,
totalling a final weight of 1kg. Twenty horses used continuously the
investigated area for grazing (1 horse/18.8 m?).

The grass was cut into small pieces (3—4 cm) and evenly distributed
over 10 sieves (1 mm mesh) arranged above a plastic container. Then,
1L of distilled water was slowly poured over the material, that was
plunged for 24h. Afterwards, all the material was homogenized,
transferred into a 1L glass container, and stored at 2-6°C for 24 h
(Amarante and Barbosa, 1995). Finally, the supernatant was discarded,
120 mL of the material was fractionated into aliquots of 40 mL each,
and evaluated by the FLOTAC® (Cringoli et al., 2010), SST (Hoffman
et al., 1934) and CST (Blagg et al., 1955). Samples were analysed in
duplicate, totalling 60 samples (i.e., 20 for each technique) of grass per
month. At the end of the study period, a total of 300 analyses were
performed, being 100 for each method. Larvae were identified at the
subfamily level based on their morphological features (Bevilaqua et al.,
1993).

Faecal samples collected from the 20 horses grazing the pasture
were performed on January and on May 2016, and analysed through
the Mini-FLOTAC" method (Barda et al., 2013). This technique has a
detection limit of 5 eggs per gram (EPG) of faeces, using a saturated
glucose-NaCl solution as flotation medium (specific gravity: 1.25).

2.3. Data analysis

Overall data on the positivity of three techniques were analysed
using the McNemar’s test, with differences considered statistically sig-
nificant when p < .0001. Conversely, the Partitioning Chi-square test
was used to compare the results of subfamilies with a significant level of
p < .05. Both analyses reported above were performed using the
BioEstat software (version 5.0; Mamiraua/CNPq, Belém, PA, Brazil).

The Cohen's kappa coefficient (k) was calculated to evaluate the
agreement between the different techniques. In addition, the sensi-
tivity, specificity, positive and negative predictive values, and accuracy
of each technique was determined using the InStat software with sig-
nificance level p < .05 (GraphPad Software, Inc., 2000).

3. Results
The three techniques allowed a successful isolation of

Cyathostominae and Strongylinae larvae in the pasture. In particular,
out of 100 samples analysed for each method, 41 (41%) analysed by the
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Table 1
Frequency of infective larvae (L3) of strongyles recovered from the pasture.

Technique Parasite Subfamily Frequency (%) (n/N)
FLOTAC Cyathostominae 53.6 (22/41)
Strongylinae 46.4 (19/41)
Spontaneous sedimentation Cyathostominae 33.3 (2/6)
Strongylinae 66.7 (4/6)
Centrifugal sedimentation Cyathostominae 33.3 (2/6)
Strongylinae 66.7 (4/6)

FLOTAC® technique were positive, whereas only 6 samples (6,/100)
were positive at the SST or at the CST (p < .0001). No statistical dif-
ference was observed between the positivity of the test and the sub-
family of the parasite detected (p = .4643) (Table 1).

According to the values of sensitivity, specificity, positive and ne-
gative predictive values, and accuracy, the FLOTAC' technique showed
the highest performance (Table 2). At the k analyses, a poor con-
cordance (k = 0) was observed among methods.

During the study, a mean of 4.4 (range = 2-16 larvae), 3 (range
1-6) and 31.2 (range 8-74 larvae) larvae were detected using the SST,
CST and FLOTAC" technique, respectively. Overall, results of the faecal
analysis of horses showed that 80% (16/20) and 85% (17/20) of ani-
mals were positive for gastrointestinal parasite eggs (i.e., Parascaris sp.
and Strongylidae) sampled in January and in May 2016, respectively.

4. Discussion

This study investigated the performance of three different methods
for the recovery of L3 of gastrointestinal parasites of horse in the pas-
ture. Results demonstrate that the FLOTAC" technique shows a higher
performance when compared with other classic methods. Indeed, this
assay allowed to isolate and recovery nematode larvae at least seven-
fold than SST and CST (p < .0001). Although these two techniques
have been extensively used over the last decades in this type of research
(Amount et al., 1996; Rocha et al., 2012), the FLOTAC" appears as a
high sensitive tool. All nematode larvae recovered belonged to Cy-
athostominae and Strongylinae subfamilies. Both groups of nematodes
detected in this study have been recognized as important and prevalent
parasites of horses worldwide (Lester et al., 2013).

The differences of performance among the techniques used could be
attributed to the density of solutions and to the presence of faecal/soil
debris, which may impair the microscopical examination of the sample,
as it happens in the SST. In addition, the higher performance of the
FLOTAC® technique may be also related to the variation of flotation
solutions employed. It is known that this method employs two types of
flotation solutions (ie., sodium chloride (s.g. = 1.2) and zinc sulfate
(s.g. = 1.35)), which increase the sensitivity of the test and the detec-
tion of immature forms of parasites (Cringoli et al., 2010).

This is the first study that investigated the use of FLOTAC" for the
recovery of nematode larvae from the pasture. Information of the pre-
sence of L3 of nematodes in the environment is pivotal to establish
appropriate control strategies against different species of parasites. It is
know that the survival of free-living stages of nematodes is influenced
by different climatic conditions (Rocha et al., 2012). The area of study
is located in a tropical region where wide variations of temperature and
rainfall are not frequently observed. However, in temperate regions
where seasons of year are well defined, the recovery of larvae by the
FLOTAC® may be higher than those herein observed.

In conclusion, the FLOTAC® presented a higher performance than
other classic methods. Therefore, considering the practicality and safety
of this technique, FLOTAC" should be recommended in the future and
employed for detecting nematode larvae in the pasture. This might
open new possibilities for the application of this test. Further re-
searchers focusing on the recovery of nematode larvae throughout the
year could be important to better understand the impact of the use of
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Table 2
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Statistical values recorded for the recovery of infective larvae (L3) of strongyles from the pasture, according to the technique employed.

Technique Parasite Subfamily Parameters (%)
Sensitivity Specificity Predictive value (+) Predictive value (—) Accuracy
FLOTAC Cyathostominae 32 100 100 41 54
Strongylinae 28 100 100 39 51
Spontaneous Sedimentation Cyathostominae 11 100 100 84 85
Strongylinae 23 100 100 86 87
Centrifugal Sedimentation Cyathostominae 13 100 100 86 87
Strongylinae 26 100 100 88 89

the FLOTAC” in the determination of the pasture contamination.
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