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RESUMO

A bovinocultura representa um dos grandes esteios econdémicos do estado do Pernambuco.
Entretanto, protozooses intestinais constituem um grande entrave para o desenvolvimento do
segmento. A infeccdo por protozoarios do género Cryptosporidium provoca sérios danos no
epitélio intestinal durante seu desenvolvimento no hospedeiro. Desta forma, o objetivo deste
trabalho foi estudar o parasitismo por Cryptosporidium spp. em bezerros provenientes de
municipios da Microrregido do Agreste Meridional do estado de Pernambuco, Brasil. Para tal,
realizou-se um estudo transversal onde amostras fecais de bezerros (n=385) foram coletadas e
posteriormente processadas por meio da técnica de centrifugo-sedimentacao fecal em formol-
éter com posterior coloracdo pela técnica Ziehl-Neelsen modificada. O estudo dos fatores de
risco foi realizado empregando analise univariada. Além disto, descreve-se aqui um surto
isolado de criptosporidose em uma fazenda de gado da raca Nelore, municipio de S&o Benedito
do Sul (08°48'30" S e 35°57'06"W), Mata Meridional pernambucana, no qual utilizou-se a
técnica supracitada em associa¢cdo ao imunoensaio com o kit comercial MERIFLUOR® para 0
processamento das amostras fecais de bezerros (n=40). A prevaléncia para infeccdo por
Cryptosporidium spp. no Agreste Meridional foi de 25,71% (99/385). A criagdo concomitante
de espécies diferentes no mesmo ambiente (OR = 3,33; p = 0,0000), o sistema de criacdo semi-
intensivo (OR = 1,70; p = 0,024) e a auséncia de limpeza nas instalacbes (OR = 1,64; p = 0,029),
mostraram-se estatisticamente associadas a presenca da infec¢do. Na regido do surto, o teste
MERIFLUOR® detectou 45% (18/40) de amostras positivas para Cryptosporidium spp., e 15%
(6/40) para Cryptosporidium spp. e Giardia spp. concomitantemente. Os resultados desta
pesquisa, inédita nas &reas de estudo, comprovam a presenca do protozoario nas criac@es de
bovinos, e, portanto, deve-se ressaltar a importancia da implementacéo de medidas que reduzam
perdas econdmicas do setor produtivo e o impacto negativo na saude publica, por se tratar de

um agente zoondtico responsavel por grandes transtornos em todo o mundo.

Palavras-chaves: protozoarios, bovinos, diarreia, fatores de risco, zoonose



ABSTRACT

Cattle production represents one of the great economic supports of the state of Pernambuco.
However, intestinal protozooses constitute a major barrier to segment development. Infection
with protozoa of the genus Cryptosporidium causes serious damage to the intestinal epithelium
during its development in the host. Thus, the objective of this work was to study the parasitism
by Cryptosporidium spp. in calves from municipalities of the Southern Agreste Microregion of
the state of Pernambuco, Brazil. For this purpose, a cross-sectional study was performed in
which fecal samples of calves (385) were collected and further processed by the technique of
fecal centrifugal sedimentation in formaldehyde with subsequent staining by the modified
Ziehl-Neelsen technique. The study of risk factors was performed through univariate analysis.
In addition, an isolated outbreak of cryptosporidosis is described in a Nelore cattle farm,
municipality of Sdo Benedito do Sul (08°48'30 "S and 35°57'06™ W), Pernambuco Southern
Mata, in which the aforementioned technique in association with immunoassay with the
commercial MERIFLUOR® kit for the processing of calf fecal samples (40). The prevalence
for Cryptosporidium spp. in the Southeast was 25.71% (99/385). Concomitant rearing of
different species in the same environment (OR = 3.33; p = 0.0000), semi-intensive rearing
system (OR = 1.70; p = 0.024) and lack of on-site cleaning (OR = 1.64; p = 0.029) were
statistically associated with the presence of infection. In the outbreak region, the
MERIFLUOR® test detected 45% (18/40) of Cryptosporidium spp., and 15% (6/40) positive
samples for Cryptosporidium spp. and Giardia spp. concomitantly. The results of this research,
unprecedented in the study areas, prove the presence of protozoan in cattle production systems,
and, therefore, the importance of implementing measures that reduce economic losses of the
productive sector and the negative impact on public health should be emphasized, because it is

a zoonotic agent responsible for major disorders worldwide.

Keywords: protozoa, cattle, diarrhea, risk factors, zoonosis
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1 INTRODUCAO

A bovinocultura representa um dos grandes esteios econémicos do pais, sendo
responsavel por 30% do produto interno bruto do agronegocio (AGRAER, 2015; CEPEA,
2016; EFSTRATIOU; ONGERTH; KARANIS, 2017). Entretanto, infec¢des por protozoarios
e nematddeos gastrintestinais constituem um grande entrave para expansao deste segmento.
Neste sentido, os parasitos que mais destacam-se sdao: Haemonchus spp., Cooperia spp.,
Strongyloides spp., Trichostrongylus, Oesophagostomum spp., Dictyocaulus spp., Eimeria
spp., Cryptosporidium spp., e Giardia spp. (FAYER; MORGAN; UPTON, 2000; RIET-
CORREA et al., 2007).

Protozoarios pertencentes ao género Cryptosporidium tem distribuicdo cosmopolita,
elevado potencial zoon6tico e destaca-se entre as causas mais comuns de diarreia neonatal,
ocasionando diversos prejuijos para sanidade/producédo animal, onde bezerros até trés meses de
idade sdo os mais susceptiveis a infeccdo (ADLER et al., 2017; GONG et al., 2017; RYAN;
FAYER; XIAO, 2014; SANTIN; TROUT; FAYER, 2008). Estes, invadem e multiplicam-se
em células epiteliais do trato gastrintestinal dos hospedeiros (FRANCO; BRANCO; LEAL,
2012; THOMSON et al., 2017). O desenvolvimento do parasito provoca les6es intestinais e
atrofia das microvilosidades do hospedeiro, e por consequéncia ha diminuicédo da absorcdo dos
nutrientes, da conversdo alimentar e ganho de peso, além de diarreia osmotica, decorrente da
sindrome de mé absorgdo, que em animais jovens geralmente cursa com desidratacdo severa,
podendo causar a morte (OLSON et al., 2011; ORTOLANI; SOARES, 2003; SHARMAA;
SHARMAB; MISHRAC, 2019; TZIPORI, 1983; ZAMBRISKI et al., 2013).

A transmissao ocorre pela via fecal-oral, e a depender da idade e do estado imunologico
do individuo infectado, a doenca € auto limitante. A morbidade é elevada nos jovens, 0s mais
acometidos, entretanto quando ndo ha associagdo com outros enteropatégenos como Eimeria
spp., Salmonela spp., coronaviruses e rotaviruses a mortalidade é baixa (CHEN et al., 2002;
FEITOSA et al., 2004; SMITH; NICHOLS, 2010). E considerada também como uma
enfermidade emergente e reemergente em humanos, onde os grupos de risco incluem criancas,
idosos e pessoas imunocoprometidas (MADRID; BASTOS; JAYME, 2015; ROBERTSON;
CHALMERS, 2013). Os bovinos representam as principais fontes de risco de infeccao para 0s
humanos, excepcionalmente no meio rural devido ao manejo inadequado dos rebanhos e maior
proximidade com as fezes contaminadas com Cryptosporidium spp. ou quando estas entram em

contato com agua utilizada para consumo sem tratamento prévio (DELAFOSSE et al., 2015;
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GONG et al., 2017; MANYAZEWAL et al., 2018; MUNIZ NETA et al., 2010; ORTOLANI;
SOARES, 2003; SHARMAA; SHARMAB; MISHRAC, 2019).

Diferentes espécies de Cryptosporidium ja foram identificadas e descritas como
patdgenos em diversos hospedeiros vertebrados, como mamiferos terrestres e aquaticos, aves,
répteis e peixes (FAYER; MORGAN; UPTON, 2000; RYAN et al., 2015). Nos bovinos, as
espécies Cryptosporidium parvum, C. bovis, C. andersoni e C. ryanae destacam-se como as
mais importantes por suas caracteristicas epidemiologicas e impacto causado na producdo
animal e satde publica (COUTO; BOMFIM, 2012; SANTIN; TROUT; FAYER, 2008). Em
humanos, acrescentam-se ainda C. homini e C. meleagridis entre as espécies mais estudadas
(DELAFOSSE et al., 2015; GONG et al., 2017; STRIEPEN, 2013

A capacidade de permanecerem viaveis no ambiente por longos periodos, aliada a
necessidade da pequena quantidade para causar a infeccdo, sdo fatores que facilitam a
disseminacdo destes protozoarios e ameacam a sanidade do rebanho (STRIEPEN, 2013). Por
estes motivos, frequentemente estes parasitos sdo alvos de pesquisas em diversos paises, e
trazem prevaléncias com variancias de 10,2% a 43,1% (SMITH, et al., 2014; URIE et al., 2018).
No Brasil, valores de prevaléncia entre 10,2%, a 63,54% foram encontrados (HECKLER et al.,
2015; TOLEDO et al., 2017). No estado de Pernambuco, a infec¢édo foi estudada em pequenos
ruminantes, demonstrando prevaléncia de 3,7 (TEMBUE et al., 2006) e 6,3 (SOUZA et al.,
2015) para ovinos e caprinos, respectivamente.

Apesar da infecdo gerar perdas econémicas e problemas sanitarios, dados sobre a
presenca do parasito na espécie bovina no estado de Pernambuco sdo inéditos. Desta forma, é
de grande importancia verificar a frequéncia do parasitismo por Cryptosporidium spp. em
bezerros de municipios pertencentes ao Agreste Meridional do Pernambuco.
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2 OBJETIVOS

2.1 GERAL
Estudar a presenca da infeccdo por Cryptosporidium spp. em bezerros provenientes de

municipios da Microrregido do Agreste Meridional do Estado de Pernambuco, Brasil.

2.2 ESPECIFICOS

o Avaliar a frequéncia da infec¢do por Cryptosporidium spp. em bezerros;

o Identificar os fatores de risco associados a infecgdo por Cryptosporidium spp. em
bezerros da area de estudo;

o Descrever o primeiro surto de criptosporidiose em bezerros nelores no estado de

Pernambuco.
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3 REVISAO DE LITERATURA

3.1 BOVINOCULTURA NO NORDESTE

A pecuaria, por motivos historicos, socioeconémicos e geogréaficos, representa um dos
grandes esteios da economia do pais. A atividade além de abastecer o mercado nacional e gerar
empregos, proporciona ao Brasil lugar de destaque no comércio internacional. No Nordeste, a
bovinocultura além de ter grande importancia como atividade de subsisténcia, se projeta de
forma emergente no cenério nacional (AGRAER, 2015; ARAUJO, 2015; CEPEA, 2016).

O Brasil € o pais que mais exporta carne bovina e € o quarto maior produtor de leite,
sendo a regido nordeste responsavel por aproximadamente 10% e 6% destas producoes,
respectivamente (EMBRAPA, 2018; IBGE, 2018). No segundo trimestre de 2018, o estado de
Pernambuco foi produtivamente responsavel por mais de 17 toneladas de carne e mais de 57
milhdes litros de leite cru, recebidos por estabelecimentos submetidos a inspecdo sanitaria
(IBGE, 2018), sendo 80% desta ultima producéo oriunda da bacia leiteira do estado, localizada
na Microrregido do Agreste Meridional (SDT/MDA, 2011).

Entretanto, existem diversos entraves que limitam a exploracdo e expansdo do setor,
sendo estes fatores vinculados a peculiaridade climatica da regido e o manejo do rebanho,
principalmente ao que se refere a nutricdo e a sanidade animal (ARAUJO, 2015; STOTZER et
al., 2014). Em relacdo a sanidade, destacam-se as infecgOes parasitarias, dentre elas as causadas
protozoarios, como por exemplo por Cryptosporidium spp., que reduz a conversdo alimentar e
a produtividade do rebanho acometido (ORTOLANI; SOARES, 2003; ZAMBRISKI et al.,
2013).

3.2 HISTORICO SOBRE Cryptosporidium spp.

Os primeiros relatos da infeccdo por Cryptosporidium spp. datam de 1907, quando o
parasitologista Ernest Edward Tyzzer descreveu o parasitismo por C. muris em epitélio gastrico
de camundongos de laboratério. Em 1912, em continuidade aos seus estudos, 0 mesmo autor
identificou e diferenciou o C. parvum da primeira espécie relatada e demonstrou a transmisséo
fecal-oral do protozoario (TYZZER, 1912).

Em 1955, uma nova espécie (Cryptosporidium meleagridis) foi identificada pelo
pesquisador Slavin, durante um surto acometendo perus jovens (SLAVIN, 1955). No entanto,
apenas em 1971 o protozoario tornou-se de interesse veterinario, quando a infeccdo pelo

parasito foi associada a diarreia severa em bezerros (FAYER et al., 1997; PANCIERA,;
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THOMASSEN; GARNER, 1971; STERLING; ARROWOOD, 1992). No Brasil, o primeiro
diagnostico da infeccdo por este parasito em bovinos foi registrado em 1988, no estado de Séo
Paulo, onde um lote de 23 bezerros foi positivo para a presenca de oocistos nas fezes
(MODOLO; GONCALVES; KUCHEMBUCK, 1988).

Em humanos, os primeiros registros ocorreram nos anos 1970, nos Estados Unidos, apos
descri¢do de dois casos clinicos de diarreia, em uma crianga e posteriormente em um adulto
imunossuprimido (MEISEL et al., 1976; NIME et al., 1976). No Brasil, 0s primeiros
diagnosticos de criptosporidiose foram em 1985 (WEIKEL et al., 1985). Desde entdo, diversos
estudos associam o Cryptosporidium spp. aos disturbios gastrintestinais, e evidenciam seu
impacto na saude publica (KARANIS; KOURENTI; SMITH, 2007; SANTIN, 2013). Em 2004,
a enfermidade foi oficialmente adicionada na lista de doencas negligenciadas da Organizacao
Mundial da Satde — OMS (SAVIOLI; SMITH; THOMPSON, 2006).

3.3 AGENTE ETIOLOGICO E TAXONOMIA

Apesar dos diversos estudos filogenéticos, ainda ha divergéncias quanto a taxonomia do
Cryptosporidium spp., sendo proposto (CAVALIER-SMITH, 2014; CLODE; KOH;
THOMPSON, 2015; HIJJAWI et al., 2002; RYAN; FAYER; XIAO, 2014; XIAO et al., 1998):

Reino Protista

Sub Reino Protozoa

Filo Apicomplexa

Classe Gregarinomorphea

Subclasse Cryptogragaria

Ordem Eucoccidiorida

Familia Cryptosporidiidae

Género Cryptosporidium.

De acordo com Cavalier-Smith (2014) o protozoario foi reclassificado na subclasse
Cryptogregaria. Analises microscopicas e moleculares evidenciam cada vez mais semelhancas
do género Cryptosporidium com espécies do género Gregarina, tais como: resisténcia a
farmacos coccidiostaticos e/ou coccidas; tamanho micrométrico dos estagios de
desenvolvimentos e oocistos; capacidade dos oocistos causarem auto-infecgéo; presenca de

organela alimentadora; possivel habilidade de completar o seu ciclo de vida na auséncia de
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ligagdo com uma celula hospedeira (ALDEYARBI; KARANIS, 2015; ALVES, 2006;
CAVALIER-SMITH, 2014; CLODE; KOH; THOMPSON, 2015; HIJJAWI et al., 2002;
RYAN et al., 2016).

A presenga de estagios de desenvolvimento extracelulares durante o ciclo bioldgico
classifica as espécies deste género como epicelulares ndo obrigatdrios, evidenciando a
capacidade de desenvolvimento quando ligados a célula do hospedeiro, através do vacutolo
parasitoforo, ou ndo, de maneira extracelular. Tais situacdes podem ocorrer simultaneamente
(ALDEYARBI; KARANIS, 2016; BOROWSKI et al., 2010; CLODE; KOH; THOMPSON,
2015).

Por meio de estudos moleculares diversas espécies do género foram validadas nos
Gltimos anos. Atualmente, mais de 30 sdo reconhecidas (RYAN et al., 2016; THOMSON et al.,
2017). Destas, pelo menos 17 sdo infectantes para a espécie humana, mas o Cryptosporidium
hominis e o Cryptosporidium parvum sdo os responsaveis pela maioria das infeccoes
(FRANCO; BRANCO; LEAL, 2012; RYAN; FAYER; XIAOQ, 2014; XIAOQ et al., 2004; XI1AO,
2010).

3.4 MORFOLOGIA DE Cryptosporidium spp.

Oocistos de espécies do género Cryptosporidium sdo morfologicamente reconhecidos
como estruturas esféricas ou ovoides (Figura 1) de parede lisa, que medem entre 3,0-7,4 um X
4,5-5,6 um (GRECA, 2010; THOMSON et al., 2017; XIAO et al., 1998).

Figura 1 - Oocistos de Cryptosporidium spp. corados pela técnica de Ziehl-Neelsen modificada. Aumento de 100x
em Microscopio Optico. (FONTE: Arquivo pessoal).
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E possivel haver a formacdo de dois tipos de oocistos, sendo diferenciados pela
espessura de suas paredes. Internamente, estes possuem quatro esporozoitos, que durante o ciclo
bioldgico desenvolvem-se para trofozoitos. Outras formas de estagios sdo: merozoitos tipo I e
I1, macrogametdcito, microgametocito e zigoto (BOSA, 2014; BOWMAN, 2010; THOMPSON
et al., 2005; THOMSON et al., 2017).

3.5 HOSPEDEIROS

Espécies do género Cryptosporidium possuem ampla variedade de hospedeiros
vertebrados (Tabela 1), como mamiferos terrestres (incluindo o homem) e aquéticos, aves,
répteis, anfibios e peixes, acometendo principalmente individuos jovens e imunodeprimidos
(FAYER; MORGAN; UPTON, 2000; RYAN et al., 2015).

Tabela 1 - Principais espécies de Cryptosporidium e seus hospedeiros.

- PRINCIPAL -
ESPECIE HOSPEDEIRO OUTROS HOSPEDEIROS REFERENCIA
C. muris Roedores ~ BoVinos, Homem, Equinos, Felinos - 1y 77pp (1919
e Canino
C. parvum Bovinos Homem_, Caprlno_s, Ovmog, Aves, TYZZER (1912)
Equinos, Canino e Felinos
C. meleagridis Homem, Perus Bovinos, Aves e Ovinos SLAVIN (1955)
C. felis Felinos Bovinos, Homem ISEKI (1979)
C. canis Caninos Bovinos, Homem e Felinos TZIPORI; CAMPBELL
(1981)
C. serpentis Serpentes Bovinos LEVINE (1984)
C. andersoni Bovinos Homem, Camelo e Ovinos LINDSAY et al. (2000)
C. hominis Homem Bovinos, Primatas e Ovinos MORGAN-RYAN etal
(2002)
C. suis Suinos Bovinos e Homem RYAN et al. (2004)
. . FAYER; SANTIN:;
C. bovis Bovinos Homem XIAO (2005)
C. ryanae Bovinos - FAYER; SANTIN;
-y TROUT (2008)
C. xiaoi Ovinos Bovinos FAYER; SANTIN
' (2009)
- Bovinos, Homem, Caprinos, FAYER: SANTIN:;
C. ubiquitum -

Ovinos, Roedores e Caninos MACARISIN (2010)
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3.5.1 Bovinos

Bovinos sdo acometidos principalmente quando jovens, mas o0s adultos podem
representar fonte importante de transmissdao, mesmo ndo desenvolvendo sinais clinicos.
Diversas espécies de Cryptosporidium podem acometer os bovinos, entretanto, apenas quatro
representam maior importancia epidemioldgica, sendo elas: Cryptosporidium parvum, C. bovis,
C. andersoni e C. ryanae (COUTO; BOMFIM, 2012; PAZ E SILVA, 2007; RODRIGUES et
al, 2016; SANTIN; TROUT; FAYER, 2008; XIAO et al., 2004).

C. parvum, espécie mais estudada devido sua relevancia zoondtica, elevada ocorréncia
e patogenicidade em ruminantes, acomete principalmente bezerros de até dois meses de idade.
C. bovis e C. ryanae, apresentam maior ocorréncia em bezerros ndo lactentes, enquanto C.
andersoni comumente encontrado em novilhas e gado adulto (GONG et al., 2017; SANTIN,
2013).

3.6 CICLO BIOLOGICO

O ciclo bioldgico de Cryptosporidium spp. é autoxeno (BOWMAN, 2010). Entretanto,
ha evidencias de que o parasito pode completar o ciclo de duas maneiras distintas (com ou sem
adesdo as células do hospedeiro), aumentando a producdo de oocistos (CLODE; KOH,;
THOMPSON, 2015), descritos a seguir:

3.6.1 Ciclo com adeséo as células epiteliais do hospedeiro

O ciclo tem inicio a partir da ingestdo de oocistos viaveis pelo hospedeiro, e quando
alcancam o sistema gastrointestinal desencistam ap6s a acdo de enzimas pancreéticas, sais
biliares e temperatura. Posteriormente, cada oocisto libera quatro esporozoitos na luz intestinal.
Estes se aderem a membrana plasmatica dos enterdcitos formando um vacuolo parasitoforo
extracitoplasmatico. Esse processo também pode ocorrer nas células dos sistemas respiratorio
e urinario. Posteriormente, se desenvolvem para trofozoitos e inicia-se a multiplicacdo
assexuada (esporogonia ou merogonia), produzindo os merontes de primeira geracdo. A ruptura
desse meronte resulta na liberacdo de merozoitos que se aderem a outras células do hospedeiro,
produzindo novos merozoitos do mesmo tipo ou desenvolvem-se em merontes de segunda
geracdo, que contém 4 merozoitos. Alguns merontes de segunda geracdo se diferenciam em
macrogametdcitos (gametas femininos) ou microgametécitos (gametas masculinos), iniciando

a fase sexuada chamada gametogonia. Os microgamontes tornam-se multinucleados e liberam
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0s microgametas maduros que fertilizam os macrogametas nos macrogametécitos, dando
origem a um zigoto (BOSA, 2014; CHALMERS; DAVIES, 2010; FAYER, 1997;
THOMPSON et al., 2005).

Ainda no hospedeiro, os zigotos formados passam por mais uma fase de
desenvolvimento assexuado (esporogonia), 0 que origina oocistos esporulados contendo quatro
esporozoitos, sendo esta a forma liberada do vacuolo parasitéforo que é posteriormente
eliminado nas fezes (Figura 2) (AMARANTE, 1992; CHALMERS; DAVIES, 2010).
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Figura 2 - Ciclo de Cryptosporidium spp. com ao epitélio intestinal. Adaptado de: BOUZID et al. (2013).

Os oocistos maduros constituem a forma infectante do parasito, e podem apresentar
parede delgada que geralmente rompe ainda no hospedeiro, liberando os esporozoitos e
iniciando uma auto-infeccdo; ou parede espessa, a qual confere resisténcia ao parasito. Os
oocistos com parede espessa sdo eliminados com as fezes, contaminando o ambiente no qual
permanece vidvel durante varios meses, e com capacidade de infectar outros hospedeiros. O

ciclo tem duracédo aproximada entre dois a dez dias (XIAO, 2010).
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3.6.2 Ciclo sem adesao as células epiteliais hospedeiras

Estudos evidenciam que apos inicio do ciclo o Cryptosporidium spp. se assemelha mais
uma vez com espécies do género Gregarinas, através do processo chamado “Syzygy ou
Sigizia”. Este evento é caracterizado pela unido de trofozoitos em cadeias, 0s quais
desenvolvem uma membrana ao seu redor (correspondente ao vactolo parasitéforo) e
posteriormente sofrem merogonia, iniciando a fase assexuada do ciclo e originando os merontes
de primeira geracdo com diversos merozoitos (BOROWSKI et al., 2010; HIJJAWI et al., 2002).
Estes, diferenciam-se em merontes de segunda geracdo apOGs uma nova merogonia.
Posteriomente ocorre diferenciacdo dos merozoitos de segunda geracdo em micro ou
macrogamontes. Os gametas femininos apos serem fertilizados originam o zigoto, e a seguir
ocorre reproducéo assexuada (esporogonia), desenvolvendo oocistos de parede espessa e de
parede fina (Figura 3). Desta maneira, o parasito multiplica-se sem aparente adeséo epicelular
com células hospedeiras, seja no lumem intestinal, epitélio pulmonar, ou mesmo no ambiente
(ALDEYARBI; KARANIS, 2015; CLODE; KOH; THOMPSON, 2015).
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Figura 3 - Ciclo de Cryptosporidium spp. sem adesdo ao epitélio intestinal (epicelular ndo obrigatério). Adaptado
de: CLODE; KOH; THOMPSON (2015).
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3.7 ASPECTOS EPIDEMIOLOGICOS E FATORES DE RISCO PARA A
TRANSMISSAO

A facilidade de disseminacdo, resisténcia em diversos ambientes e o elevado potencial
zoondtico, tornam o Cryptosporidium spp. extremamente importantes para a sanidade animal e
salde publica (MEIRELES, 2010; XIAO et al., 2004).

A transmissdo do protozoario é dada pela via fecal-oral de oocistos, e pode ocorrer de
forma direta através do contato com fezes de individuos infectados, seja este da mesma espécie
ou ndo, e independente da apresentacao clinica da enfermidade; ou de maneira indireta, através
do consumo de 4gua e alimentos ndo tratados, ou ambiente e fomites contaminados com
oocistos viaveis (ADLER et al., 2017; BRIGGS et al., 2014; CACCIO; CHALMERS, 2016;
SMITH; NICHOLS, 2010; XIAO, 2010;).

E também relatado a transmissdo entre parceiros sexuais, funcionarios e pacientes de
hospital ou criangas que frequentam creches, além dos inimeros casos de transmissdo
zoondtica, a maioria envolvendo profissionais e estudantes que manuseiam animais infectados,
especialmente bovinos (CACCIO; CHALMERS, 2016; O'DONOGHUE, 1995).

A alta infectividade do protozoario, necessidade de um pequeno namero para infectar
um novo individuo e resisténcia no ambiente sdo considerados como facilitadores para a
transmissao dos oocistos. A dose infectante de Cryptosporidium spp. geralmente é baixa (10 —
100 oocistos), porém esta pode sofrer variacdo de acordo com a fonte de infeccéo, a espécie
envolvida, a viabilidade e exposi¢do dos susceptiveis aos oocistos, por exemplo. Apesar disto,
a viruléncia do Cryptosporidium spp. é considerada baixa (FAYER; MORGAN; UPTON,
2000; PEREIRA et al., 2008; ROBERTSON; CHALMERS, 2013; STRIEPEN, 2013).

Oocistos de Cryptosporidium spp viaveis tém sido recuperados a partir de amostras de
aguas de superficie (rios, corregos e reservatorios), efluentes de esgoto tratados e néo tratados,
piscina filtrada, agua do mar proximo a saida de esgoto, e mais importante, de suprimentos de
agua potavel tratada em varias regides, ressaltando a importancia deste meio de transmissao
tanto para animais como em humanos, pois promove de maneira rapida a disseminagdo dos
oocistos a um ndmero consideravel de susceptiveis (CACCIO; CHALMERS, 2016; FAYER;
MORGAN; UPTON, 2000; FREITAS et al., 2017; O'DONOGHUE, 1995).

Estes, permanecem infectantes por seis meses ou mais em ambientes com umidade
adequada e temperatura proxima de 20°C. S&o resistentes também sob imersdo na agua doce
(aproximadamente 176 dias) e do mar (aproximadamente 35 dias), dessecacao até a temperatura
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de 70°C e congelamento a -10°C por alguns dias. Ainda apresentam resisténcia a desinfecgéo
quimica a base de aménia, alcool, aldeidos, cloro ou compostos alcalinos (FALCHI, 2006;
FAYER; MORGAN; UPTON, 2000; ROBERTSON; CHALMERS, 2013). Poucas solugdes
alcancam a inativacdo do agente em ambientes contaminados, e frequentemente é necessaria
uma concentracdo mais elevada do que a recomenda pelo fabricante, tais como cloro comercial
ndo diluido a 70%, perdxido de hidrogénio 3%, formaldeido a 10% e amonia a 10%, entretanto,
nestas concentracGes alguns destes desinfetantes ndo sdo apropriados para uso comum ou
tratamento de agua (O'DONOGHUE, 1995; PEREIRA et al., 2008; XIAO; FAYER, 2008).

3.7.1 Fatores relacionados a transmissao para bovinos

Dentre os fatores relacionados ao hospedeiro que influenciam no contagio e
desenvolvimento da criptosporidiose, a idade e a competéncia imunoldgica sdo 0s mais
importantes. Bezerros até trés meses de idade sdo 0s mais susceptiveis a infeccdo, e embora a
verdadeira incidéncia desta seja desconhecida, destaca-se entre as causas mais comuns de
diarreia neonatal e tem grande e negativo impacto na sanidade/produgdo animal (ADLER et al.,
2017; GONG et al., 2017; RYAN; FAYER; XIAO, 2014; SANTIN; TROUT; FAYER, 2008).
A raca, bem como o sexo do hospedeiro, ndo representa fator de risco para a infecgédo
(ALMEIDA et al., 2010; RODRIGUES et al., 2016).

Ambientais como aglomeracdes ou superlotagédo de espagos fisicos em fazendas, criacéo
concomitante de espécies diferentes, limpezas periddicas deficitarias, pouca ventilagdo e
insercdo de raios solares nos alojamentos, excepcionalmente nos piquetes de animais jovens,
associada a grande quantidade de oocistos eliminados nas fezes, também estdo diretamente
ligados ao aumento transmissdo do protozoario nas criagcdes de bezerros (ALMEIDA et al.,
2010; DELAFOSSE et al., 2015; EDERLI et al., 2008; UTSI et al., 2015).

3.8 DISTRIBUIGAO GEOGRAFICA

A infeccdo por Cryptosporidium spp. tem distribuicdo cosmopolita, excluindo a
Antartica. A prevaléncia relatada em humanos tem variacdo entre 1-4% e de 3-20% em paises
desenvolvidos e em desenvolvimento, respectivamente. Valores ainda maiores sao encontrados
(10-30%) ao considerar os individuos assintomaticos de paises ndo desenvolvidos (WHO,
2006). Deve-se ressaltar que estes dados sdo subdiagnosticado e subnotificado na maioria dos
paises (EFSTRATIOU; ONGERTH; KARANIS, 2017).
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Frequentemente a prevaléncia da infeccdo por este protozoario em bovinos é objeto de
pesquisas em diversos paises como Ird — 28,3% (ASADPOUR et al., 2013), Inglaterra e Pais
de Gales — 10,2% (SMITH, et al., 2014), Argentina — 16% (GARRO et al., 2016), China —
11,9% (GONG et al., 2017), e Estados Unidos da América — 43,1% (URIE et al., 2018).

Estudos epidemioldgicos, realizados nos ultimos anos, elucidam que a enfermidade se
encontra presente nos rebanhos brasileiro de bovinos e que a prevaléncia é heterogénea entre
estados: Mato Grosso —40% (OLIVEIRA FILHO etal., 2007), Sdo Paulo—19,7% (TEIXEIRA
etal., 2011), Rio de Janeiro — 19,6% (COUTO; LIMA; BOMFIM, 2014), Minas Gerais —17,1%
(RODRIGUES et al., 2016), Mato Grosso do Sul — 63,54% (HECKLER et al., 2015), Parand —
10,2% (TOLEDO et al., 2017) e Piaui — 16,43 % (ABREU et al., 2019). No estado do
Pernambuco, infeccdes por este protozoario foram estudadas e comprovadas nas espécies ovina
—3,7% (TEMBUE et al., 2006) e caprina — 6,3% (SOUZA et al., 2015) foram comprovadas,
entretanto, que dados sobre a enfermidade em bovinos sdo escassos.

3.9 PATOGENIA E SINAIS CLINICOS

A gravidade das lesbes varia de acordo com as espécies envolvidas, quantidade de
inoculo, patogenicidade do mesmo e do status imunoldgico do hospedeiro (RYAN et al., 2014).

O processo de desenvolvimento nas células hospedeiras e a ruptura do vacuolo durante
as mudancas de fases do ciclo, determinam mudancas na superficie do epitélio, que podem ser
evidenciadas desde a fusdo das microvilosidades, metaplasia, ulceracdo, atrofia ou até
degeneracdo, o que também pode representar uma porta de entrada para outras infeccdes
entéricas (ENEMARK et al., 2003; GRAAF et al., 1999; OLSON et al., 2011). Neste periodo,
aumento dos linfonodos e eosinofilia da lamina prépria também podem ser encontrados
(ENEMARK et al., 2003).

Estas alteracdes da mucosa intestinal levam a inadequada absorcéao de nutrientes, fluidos
e eletrdlitos presentes no limen, resultando no excesso de particulas osmoticamente ativas, o
que promove 0 surgimento de uma diarreia osmotica, caracterizando a sindrome da ma
absorcdo, encontrada na criptosporidiose e em outras infecgdes espoliativas (ORTOLANI;
SOARES, 2003; PAZ E SILVA, 2007; ZAMBRISKI et al., 2013).

Além disto, o tipo de invasdo intracelular, mas extracitoplasmatica, permite que o
protozoario ndo sofra injurias pela acdo do sistema imunolégico, e a0 mesmo tempo, se

beneficie do transporte de solutos através da membrana da célula parasitada (ABRAHAMSEN
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et al., 2004; FAYER et al., 1997; FRANCO; BRANCO; LEAL, 2012; THOMSON et al.,
2017).

A principal sintomatologia associada ao parasitismo do Cryptosporidium spp. nas
criacdes de bovinos € a diarreia (GONG et al., 2017). Os animais mais susceptiveis sdo 0s
bezerros, correspondendo da idade neonatal até aproximadamente oito a dez semanas, nos quais
a enfermidade cursa geralmente com severa enterite (GONG et al., 2017; TZIPORI, 1983).

Como consequéncia da gastroenterite, € comum 0s acometidos apresentarem
concomitantemente desidratacdo, desequilibrio eletrolitico com acidose metabdlica,
hipoglicemia, apatia, anorexia, emagrecimento e retardamento do crescimento, podendo
resultar ou ndo em morte. Portanto, a enfermidade promove significativas e importantes perdas
econbmicas para animais de producdo (MUNIZ NETA et al., 2010; OLSON et al., 2011;
ZAMBRISKI et al., 2013).

Animais com idade superior a dois meses podem apresentar sinais clinicos tdo intensos
guanto os mais jovens, a depender dos fatores de riscos que possam estar associados. Quando
adultos, dificilmente irdo apresentar sinais clinicos, mas sdo considerados como potenciais
fontes de infeccdo para o rebanho e de contaminacdo ambiental (MUNIZ NETA et al., 2010;
ORTOLANI; SOARES, 2003).

Em humanos, é observada diarreia, desidratacdo de moderada a severa, vomitos,
inapeténcia e perda de peso. Tais sinais sdo encontrados principalmente em pacientes
imunocomprometidos, portadores de doencas cronicas e/ou debilitantes ou em individuos com
sistema imune ndo desenvolvido totalmente, como criancas (CHEN et al., 2002; STRIEPEN,
2013). A enfermidade, nestes casos é cronica, e pode ainda manifestar quadros intensamente
espoliativos, febre, dor abdominal, e envolvimento do sistema respiratdrio e/ou urinario. Nos
imunocompetentes, a doencga geralmente € auto-limitante, onde a diarreia aguda é o principal
sintoma. (ALVES, 2006; DELAFOSSE et al., 2015; THOMSON et al., 2017).

3.11 DIAGNOSTICO

Ao longo dos anos, diversas técnicas foram adaptadas para o diagnéstico da infecgédo
por Cryptosporidium spp., a maioria delas envolvendo a observacdo direta de oocistos por
microscopia. Para tal, sdo utilizados métodos parasitologicos de concentracdo baseados em

principios de flutuag&o ou centrifugo sedimentagdo de amostras como fezes, tecidos, aspirados
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duodenais, secrecfes do sistema respiratorio, com coloragdes especificas (ALMEIDA, 2006;
MUNIZ NETA et al., 2010).

As técnicas que frequentemente sdo utilizadas para concentracdo de oocistos sdo:
Centrifugo-flutuacdo em solucdo saturada de sacarose - Sheather (ANDERSON, 1981),
Centrifugo-sedimentacdo em formol-éter (DAVID; FREBAULT; THOREL, 1989; RITCHIE,
1948), e a Centrifugo-flutuacdo em solucdo de sulfato de zinco (FAUST et al., 1938). Ja as
técnicas de coloracdo especiais mais difundidas estdo: Ziehl-Neelsen modificado/acido-
resistente, Kinyoun, Dimetil Sulféxido com carbol-fucsina, Safranina, Coloracdo Modificada
de Kohn e Verde Malequita (ELLIOT; MORGAN; THOMPSON, 1999; FAYER; MORGAN,;
UPTON, 2000; HENRIKSEN; POHLENZ, 1981; MA; SOAVE, 1983). Em exames
histopatoldgicos, a visualizacdo do parasito € obtida através de coloracdes especificas como a
Giemsa ou hematoxilina-eosina (CHALMERS; DAVIES, 2010; GRECA, 2010;
O'DONOGHUE, 1995;).

Vale ressaltar que devido a auséncia de caracteristicas morfoldgicas especificas e ao
reduzido tamanho e carga parasitaria (principalmente em amostra oriunda de animal
assintomatico), ndo é possivel a identificacdo das diferentes espécies de Cryptosporidium
utilizando-se apenas a morfometria microscopica. Portanto, o resultado do exame é limitado
quanto a presenca ou ndo de oocistos, fazendo-se necessario a utilizacdo de métodos
imunologicos e moleculares para obtencéo de resultados mais detalhados (MUNIZ NETA et
al., 2010; XIAO; FAYER, 2008).

Apesar de serem difundidas e apresentarem vantagens como praticidade, baixo custo e
boa eficécia, as técnicas supracitadas apresentam menor sensibilidade e especificidade quando
comparadas aos métodos moleculares baseados na reacdo em cadeia da polimerase — PCR
(BOSA, 2014; KAUSHIK et al., 2008),

E possivel por meio da PCR a caracterizacdo da espécie, genotipagem e
consequentemente, o conhecimento do potencial zoonotico da amostra analisada (ALMEIDA,
2006; CHALMERS; DAVIES, 2010; MUNIZ NETA et al.,, 2010). No entanto, mesmo
apresentando diversas vantagens (rapidez, sensibilidade e acuracia) esta técnica tem muitas
limitacdes, e sua utilidade pode variar dependendo de varios fatores, sendo 0s principais o custo,
necessidade de instalac6es adequadas, a variabilidade de sensibilidade e especificidade entre os

iniciadores/primers existentes e a possibilidade de contaminantes ambientais interferirem em
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ensaios qualitativos e/ou quantitativos (FAYER; MORGAN; UPTON, 2000; MORGAN et al.,
1998).

Outras técnicas que envolvem detec¢do de anticorpos ou imunoglobulinas especificas,
como a Imunofluorescéncia Direta e Indireta com anticorpos monoclonais, hemoaglutinacéo
passiva reversa, Ensaio Imuno-Enzimético (ELISA), e ensaios imunocromatograficos
qualitativos de fase solida também sdo implementadas em diversos estudos. Testes de deteccdo
direta do parasito geralmente apresentam alta especificidade e sensibilidade, em contrapartida,
testes imunoldgicos para deteccdo de anticorpos contra Cryptosporidium spp., apesar de
simples, rapidos e especificos, apresentam baixa sensibilidade, e ndo ser possivel diferenciar
uma reacdo frente a uma infeccdo antecedente ou ativa. Além disto, apesar do oocisto
apresentar antigenos em sua parede capaz de promover resposta imunologica, muitos destes sdo
0S Mesmos em varias espécies, e desta forma, ndo existem anticorpos que diferenciem espécies
de Cryptosporidium (FAYER; MORGAN; UPTON, 2000; HUBER, 2007).

3.12 Cryptosporidium spp. E O IMPACTO NA PRODUCAO DE BOVINOS

Cerca de 15% das bezerras produzidas em fazendas leiteiras do Brasil ndo ultrapassam
a faixa etaria de um ano de idade e, dentre os principais problemas sanitarios que levam a tais
perdas (Figura 4), as diarreias/gastroenterites lideram os prejuizos econémicos ocasionados ao
setor (I1LB, 2019). Sabendo que uma das causas parasitarias mais frequentes de diarreias em
bovinos é a presenca de Cryptosporidium spp., a real dimensao do que o parasitismo por este
protozodrio proporciona é preocupante, excepcionalmente a longo prazo (LACERDA, 2014;
STOTZER et al., 2014; THOMSON et al., 2017).
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Figura 4 - Principais problemas sanitérios que levam a perdas de bezerras de até um ano de idade em fazendas
leiteiras brasileiras. Adaptado de: 11LB (2019).

A infeccdo por Cryptosporidium spp. em rebanhos de ruminantes domésticos
compromete negativamente a atividade pecuaria. O ganho de peso corporal de bezerros
infectados chega a apresentar reducdo de 55%, quando comparado a animais ndo parasitados
(ABREU et al., 2019). Em criagOes de ovinos na Australia a infecgdo resultou em carcagas mais
leves no momento do abate, com reducdo de 1,65 kg a 2,6 kg (JACOBSON et al., 2016;
SWEENY et al., 2011).

Desta forma, além de haver reducédo significativa do retorno do capital investido em
insumos e genética do rebanho, muito devido ao atraso no crescimento, baixa produtividade,
ocorréncia de mortes e descarte involuntario de animais acometidos, custos com o tratamento
ou prevencdo também devem ser contabilizados, principalmente por estes ndo estarem
unicamente interligados aos gastos com medica¢Oes ou vacinas (STOTZER et al., 2014,
THOMSON et al., 2017).

3.13 Cryptosporidium spp. E SAUDE PUBLICA
A infeccdo por Cryptosporidium spp. tem forte ligacdo com a satde publica ha décadas,
onde estudos apontam este parasito como responsavel por mais de 60% de todos os casos de

surtos registrados associados ao consumo de dgua contaminada com protozoarios causadores
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de doencas no mundo (BALDURSSON; KARANIS, 2011; CHECKLEY et al., 2015;
EFSTRATIOU; ONGERTH; KARANIS, 2017; SANTIN, 2013) Entre estes, ha destaque para
0 surto ocorrido em Milwaukee, Estados Unidos da América, no ano de 1993, onde, devido a
contaminacéo da rede de abastecimento publico de dgua, 403.000 mil pessoas foram infectadas
por Cryptosporidium spp. e cerca de 50 vieram a 6bito (MACKENZIE; HOXIE; PROCTOR,
1994).

Por estes incidentes, Cryptosporidium spp. esta classificado como um patégeno de
referéncia para a avaliacdo da qualidade da adgua potavel, e ranqueado em quinto lugar dentre
0s parasitos alimentares mais importantes pela Organizacdo das NacOGes Unidas para
Alimentacdo e Agricultura — FAO, e a Organiza¢do Mundial da Saide - OMS (FAO; WHO,
2014; MEDEMA et al., 2006; RYAN; FAYER; XIAO, 2014).

Os oocistos geram um grande desafio para as inddstrias de tratamento hidrico,
ultrapassando sistemas de filtragem e apresentando resisténcia a varios desinfetantes, incluindo
0 hipoclorito de sodio a 10%, método mais utilizado na desinfec¢do da agua nos reservatérios
publicos (EFSTRATIOU; ONGERTH; KARANIS, 2017; MEDEMA et al.,2006). Analises
realizadas em aguas de superficie, reservatorios e esgotos, frequentemente detectam a presenca
do Cryptosporidium spp.. Em Londrina, Parana, espécies do protozoario, dentre elas C. parvum
e C. Suis, foram encontradas em 84% das amostras de esgoto bruto em 8% do esgoto tratado
(MARTINS et al.,2019). Araujo e colaboradores (2018) isolaram oocistos de C. parvum e C.
homini em 58% das amostras (29/50) oriundas de duas bacias hidrograficas do estado de S&o
Paulo. J& em Vicosa, Minas Gerais, 43% das amostras analisadas, oriundas do reservatério que
abastece a cidade, formam positivas, e mais uma vez o C. parvum foi detectado (ANDRADE
et al.,2018).

No estado de Pernambuco, pesquisas evidenciaram a presenca de protozoarios como
Cryptosporidium spp. e Giardia spp em agua bruta e tratada na regido Metropolitana da capital
do estado, e posteriormente nas dguas do Rio Beberibe (FREITAS et al. 2015; FREITAS et
al.,2017; MACHADO et al. 2009).

Destaca-se ainda que a maioria das aguas de superficies sdo encontradas nas
proximidades de fazendas agricolas ou de criacbes de animais domeésticos. O manejo
inadequado dos residuos destas propriedades, como as fezes dos animais (principalmente as de
bovinos), frequentemente comprometem a qualidade dos reservatorios hidricos pela inerente
possibilidade de contaminacdo (ALMEIDA, 2006; ANDRADE et al., 2018; FERREIRA,;
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BORGES, 2002; MACHADO et al.,2009). Portanto, o acompanhamento da presenca do
Cryptosporidium spp. nestes ambientes € de suma importancia, pois representam potencial risco
a saude publica (ANDRADE et al.,2018).

3.14 PROFILAXIA

As estratégias higiénico-sanitarias sdo indispensaveis para minimizar os fatores de risco
e consequentemente 0s impactos negativos da infeccédo por Cryptosporidium spp., uma vez que
ainda ndo ha vacinas disponiveis (BALDURSSON; KARANIS, 2011; MEAD, 2014).

Pode-se incluir como medidas adequadas de manejo a colostragem e fornecimento
balanceado de alimentac&o, limpeza periddica das instalagdes, higienizacdo de comedouros e
bebedouros, divisdo dos animais de acordo com a idade, remocéo e eliminacédo das fezes ou
cama umida, remocéo de animais diarreicos do lote para cuidados especificos. Estas a¢des, além
de comuns a outras necessidades da producdo animal, sdo capazes de reduzir a exposicdo de
individuos susceptiveis aos oocistos deste protozoario, ou a outros patdgenos, que possam estar
presentes no ambiente (COSENDEY; FIUZA; OLIVEIRA, 2008; RODRIGUES et al., 2016;
SILVA JUNIOR et al., 2011).

Em humanaos, praticas que evitem o contato direto com fezes de individuos infectados
(especialmente de criancas e animais jovens de fazenda com diarreia), o consumo de &gua
(durante atividades recreativas ou ndo) ou alimentos ndo tratados e fomites que possam estar
contaminados com oocistos Cryptosporidium spp. sdo as principais formas de prevencao
(ADLER et al., 2017; CACCIO; CHALMERS, 2016).
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Prevalence and risk factors associated to the infection by Cryptosporidium spp. in calves

Abstract

Cryptosporidium spp. are zoonotic protozoa frequently associated with diarrhoea in
calves, and responsible for important economic losses. The aim of this study was to determine
the prevalence and risk factors associated with infection by Cryptosporidium spp. in calves
raised in a milk production area of North-eastern Brazil. Faecal samples (n = 385) were
obtained from young animals (up to ten months old) and assessed by centrifugal faecal
sedimentation in formal-ether followed by the modified Ziehl-Neelsen staining technique. In
addition, the Odds ratio was calculated to evaluate the association between variables and
infection by the protozoa. Out of all samples analysed, 25.71% (99/385) scored positive for
the presence of Cryptosporidium spp.. Consociated rearing with other species (OR =3.33; P =
0.000), the semi-intensive rearing system (OR = 1.70; P = 0.024), and absence of hygienic
conditions (OR = 1.64; P = 0.029) were considered risk factors. Based on data reported
herein, the adoption of hygienic-sanitary measures is imperative on the farms studied in order
to reduce Cryptosporidium spp. infection and the economic impact caused by this type of

parasitism.

Keywords: Cattle, Cryptosporidium parvum, zoonosis

Introduction
Cryptosporidium spp. are protozoa that present great importance for animal livestock
production and human health (Meireles, 2010; Ryan et al., 2014). This parasite belongs to the

Phylum Apicomplexa, class Gregarinomorphea, and is frequently reported in outbreaks of
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diarrhoea in calves worldwide (Ryan et al., 2014; Efstratiou et al., 2017), being responsible
for damage to the intestinal epithelium, reducing nutrient absorption, and causing
dehydration, which may lead to death in some animals (Thomson et al., 2017; Abreu et al.,
2019). From an economic point of view, it has been demonstrated that the body weight gain in
infected calves is 55% lower than in healthy animals (Abreu et al., 2019), which compromises

livestock production (Thomson et al., 2017).

Cattle may be infected by several species of Cryptosporidium spp., however, only
some of these (e.g., C. parvum, C. bovis, C. ryanae and C. andersoni) are epidemiologically
important (Gong et al., 2017). Natural parasitism by Cryptosporidium spp. in Brazilian cattle
has been detected throughout the country (Silva Junior et al., 2011; Abreu et al., 2019).
Among the main factors favouring the occurrence of cryptosporidiosis, age, immunological
competence, and consociated rearing are the most relevant (Bouzid et al., 2013; Adler et al.,

2017).

The epidemiological chain of this protozoon evolves on and off-host factors, and the
main route of transmission is through the ingestion of oocysts present in the environment,
water, and food (Smith and Nichols, 2010; Adler et al., 2017). It is important to note that as
water sources (e.g., rivers and lakes) are close to farms, the inappropriate discarding of
production waste may affect the water quality, and consequently increase the risk of pathogen

infection (Andrade et al., 2018).

Currently, Brazil is one of the most important producers of beef and milk in the world,

and the North-eastern region has an important role, especially in milk production (IBGE,
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2018). However, there are still several obstacles that limit the exploration and expansion of
this sector, including parasitic infections, such as those caused by Cryptosporidium spp.. Due
to the importance of the region, which is responsible for the production of 80% of the milk of
the state of Pernambuco, studies focusing on the detection of Cryptosporidium spp. in calves
are pivotal. Therefore the aim of this study was to assess the prevalence and risk factors
associated with infection by Cryptosporidium spp. in calves in a Agreste region of North-

eastern Brazil.

Material and methods
Study Area and Ethical Aspects

The study was conducted in the Agreste region (8°53"25” South and 36°29'34” West)
of the state of Pernambuco, North-eastern Brazil (Fig. 1.). The area is characterized by a
warm dry sub-humid tropical climate, with an average annual temperature of 21°C (ranging
from 15° to 31°C), average rainfall of 198 mm (ranging from 65mm to 325mm), and relative
air humidity of 90% (ranging from 80 to 98%). Milk production is the main economic activity
in the area, being responsible for 80% of the production of the state of Pernambuco (BDE,

2017).

All procedures performed herein were approved by the Ethics Committee for Animal

Use (ECAU) od the Federal Rural University of Pernambuco under license number 73/2018.

Sampling and laboratorial procedures
From April 2018 to April 2019, faecal samples (n = 385) of calves up to 10 months of

age were collected using plastic gloves and maintained at 8°C until laboratory processing.
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Samples were distributed into three groups according to the age of the animals (G1: up to 30

days old; G2: from 31 to 60 days old; and G3: from 61 days to 10 months old).

At the moment of collection, each animal was physically examined (Dirksen, 1993)
and an epidemiological questionnaire containing information about the hygiene conditions

and characteristics of the herd were carried out with the owner.

The minimum sample size was calculated considering a bovine population of 510,824
(IBGE, 2016), estimated prevalence of 50% for Cryptosporidium spp. infection, and

confidence level of 95% (Thrusfield, 2004).

Samples were processed to identify Cryptosporidium spp. through the centrifugal
sedimentation method in formaldehyde (Ritchie, 1948; David et al., 1989), followed by the
modified Ziehl-Neelsen staining technique (Henriksen and Pohlenz, 1981). Each slide was

viewed in an optic microscope under different magnifications (40X and 100X).

Data analysis

The Lilliefors test was used to verify data normality. The Yates-corrected Chi-square
test (x2) was used to compare the positivity of Cryptosporidium spp. according to the age and
presence of clinical signs. The significance level was set at 5%. SPSS version 13.0 was used
to perform all analysis. Conversely, the Odds ratio was calculated using EPIINFOTM7.2.2.6

software.
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The Quantum Geographic Information System (QGIS 3.8.0 Zanzibar) was used to
process the choropleth vector map. Subtitle classes were created through Jenks Optimization

(Jenks and Caspall, 1971).

Results
Out of all samples analyzed, 25.71% (99/385) scored positive for the presence of

Cryptosporidium spp. oocysts.

The highest prevalence was detected in animals from G2 (from 31 to 60 days old), but
without statistical difference (%2 = 1.6400; P = 0.440436). It is important to note that diarrheal
disease was observed in 28.28% (28/99) of positive animals, and 71.71% (71/99) of positive
animals did not present any clinical signs (y2 = 2.0447; P = 0.152733) (Table 1). Oocysts

presented a mean length of 3.98 + 0.69 and width of 4.46 £ 0.71um.

Consociated rearing with other species (OR = 3.33; P = 0.0000), the semi-intensive
rearing system (OR = 1.70; P = 0.024), and the absence of hygienic conditions (OR = 1.64; P

= 0.029) were considered risk factors (Table 2).

Discussion

This study demonstrates that Cryptosporidium spp. is a sanitary threat to calves reared
in an area of milk production in Brazil. The overall prevalence detected herein (i.e., 25.71%)
differs from others reported in different Brazilian regions (Rodrigues et al., 2016; Santos et

al., 2016).
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Although it has been demonstrated that this kind of parasitism especially affects young
animals, in this study no difference was observed between groups (G1, G2, and G3). In fact,
the increase in age is the self-limiting factor due to the immunological response (Yoshiuchi et
al., 2010), although it is important to note that infected animals are important to
environmental contamination since they eliminate oocysts in faeces (Muniz Neta et al., 2010;
Santos et al., 2016). For a long time, the elimination of oocysts was frequently associated
with the presence of clinical signs such as diarrhea (Silva Junior et al., 2011; Santos et al.,
2016), however, it is currently known that asymptomatic animals have also been responsible

for the elimination of oocysts.

Several risk factors (e.g., age, herd size) have been associated with infection by
Cryptosporidium spp. (Adler et al., 2017). In this study consociated rearing with other
species, the semi-intensive rearing system, and the absence of hygienic conditions were the
only risk factors observed. This protozoa species may infect different vertebrate hosts, and
when reared in the same environment, the risk of infection enhances up to three-fold when
compared with single rearing (Xiao and Fayer, 2008). At the same time, the rearing system is
one of the most common risk factors. This occurs because of the close contact between
susceptible animals and infected animals, favouring the dissemination of parasites, including

Cryptosporidium spp. (Fayer et al.,2000; Oliveira Filho et al., 2007).

Undoubtedly, the absence of hygienic conditions is one of the most important causes
of Cryptosporidium infection and has been frequently reported in previous studies (Silva
Junior et al., 2011). The presence of organic matter, such as faeces, provides an environment

with adequate temperature and humidity to maintain the oocysts, facilitating transmission.



144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163
164

165
166
167
168
169

49

Interestingly, these protozoa may remain infective for six months or more (Robertson and

Chalmers, 2013; Striepen, 2013).

Conclusions

This is the first epidemiological study to assess the prevalence and risk factors
associated with infection by this protozoon in calves in the state of Pernambuco, North-
eastern Brazil, showing that a quarter of the herd studied was positive for the infection. Based
on data exposed herein, it is important to adopt measures of hygiene to avoid infection by
Cryptosporidium spp., reducing the potential economic impact and preventing human

infection.
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278 Table 1.
279  Prevalence of Cryptosporidium spp. between age groups in calves with and without diarrhea in

280  the Agreste Microregion of Pernambuco.

Positive (n=99) With Diarrhea (n=28) No Diarrhea (n=71)
0 — 30 Days 26 11 (42.30%) 15 (57.69%)
31 - 60 Days 37 13 (35.13%) 24 (64.87%)
> 60 Days 36 4 (11.11%) 32 (88.89)
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Table 2.

54

Univariate analysis of risk factors associated with Cryptosporidium spp. in calves of the state

of Pernambuco.

Modified Ziehl- Univariate
Variable N Neelsen Analysis OR  Value-P
Positive (1. C. 95%)
Age (days)
0-30 111 26 (23.42%)
31-60 124 37 (29.84%) 1.39 (0.74-2.61) 0.168
>60 150 36 (24.00%) 0.74 (0.41-1.31) 0.170
Created species
Cattle 114 49 (42.98%)
Mixed 271 50 (18.45%) 3.33 (1.99-5.54) 0,000
Breeding System
Intensive 251 73 (29.08%)
Semi intensive 134 26 (19.40%) 1.70 (1.00-2.95) 0.024
Hygiene of the premises
Yes 240 70 (29.17%)
Not 145 29 (20.00%) 1.64 (0.98-2.80) 0.029
Presence of diarrhea
Yes 87 28 (32.18%)
Not 298 71 (23.83%) 1.51 (0.86-2.62) 0.077

&N — Total samples; OR — Odds Ratio; C. I. — Confidence interval.

b P < 0.05 significant association.
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Cryptosporidium spp. in calves: a description of an outbreak

Abstract

Cryptosporidium spp. are protozoa responsible for intestinal disorders commonly known as cryptosporidiosis,
which is characterised by enteritis and dehydration. Although this disease had been studied in recent years,
information on calves in the North-eastern region of Brazil is limited. Therefore, the aim of this study was to
characterize an outbreak of cryptosporidiosis in calves reared on a beef production farm. Nelore bovines (n = 65)
of up to 45 days old presented intense diarrhoea and 18 died after the onset of clinical signs. Considering that the
clinical suspicion was cryptosporidiosis, faecal samples (n = 40) were obtained and analysed using the centrifugal-
sedimentation technique in formol-ether with modified Ziehl-Neelsen staining, and the immunoassay
MERIFLUOR® test. Oocysts of Cryptosporidium spp. were observed in 35% (14/40) of the samples by the
modified Ziehl-Neelsen technique. Conversely, the immunological assay detected 45% (18/40) of samples positive
for Cryptosporidium spp., and 15% (6/40) for Giardia spp., respectively. The diagnosis of Cryptosporidium spp.
in calves was described for the first time in this study in the state of Pernambuco, in the North-eastern region of
Brazil. Therefore, preventive measures should be adopted on beef production farms in order to reduce the losses
and economic impact caused by this neglected protozoa.

Keywords: Cryptosporidiosis; MERIFLUOR test; Ruminants; Zoonosis;

Introduction

Cryptosporidium spp. are zoonotic protozoa belonging to the Phylum Apicomplexa which parasitizes
intestinal cells of vertebrate hosts and occasionally cells of the respiratory and excretory systems (Cavalier-Smith
2014; Ryan et al. 2014; Thomson et al. 2017). Although this parasite may infect a wide range of hosts, in cattle
considerable damages have been observed (Fayer et al. 2000; Ryan et al. 2015). Currently, this parasite has been
considered a re-emerging pathogen affecting humans, being one of the most important causes of diarrheal disease
in immunosuppressed patients (Striepen 2013; Madrid et al. 2015). It is known that during development,
Cryptosporidium spp. cause atrophy of intestinal cells, reducing the absorption of nutrients and, consequently,
leading to weight loss, which characterizes cryptosporidiosis (Ortolani and Soares 2003; Zambriski et al. 2013).
From a clinical point of view, cryptosporidiosis is characterised especially by diarrhoea and dehydration, which

may lead to death in young animals (Olson et al. 2004; Zambriski et al. 2013).
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Presently, more than 30 species of Cryptosporidium have been identified (Thomson et al. 2017), and at
least 14 have been detected in bovines (Santin et al. 2008; Couto and Bomfim 2012; Rodrigues et al. 2016).
Amongst the species that infect these animals, C. parvum has been extensively studied due to high pathogenicity
and zoonotic aspects (Gong et al. 2017). In general, the mortality is low, but when affecting young animals co-
infected with other pathogens (e.g., Eimeria spp., Salmonela spp., coronaviruses and rotaviruses) high mortality
may occur (Delafosse et al. 2015; Thomson et al. 2017).

The prevalence of Cryptosporidium spp. in cattle can vary. In Brazil, it has been reported in different
areas, with the majority of cases registered in the South, Southeast, and Midwest. However, in the North-eastern
region data are limited (Abreu et al. 2019), therefore the aim of this study was to characterize an outbreak of

cryptosporidiosis in calves raised on a beef cattle farm.

Material and methods
Animals

On November 2018, calves (Nelore breed) reared on a beef cattle farm located in the municipality of Sao
Benedito do Sul (08°48'30" South and 35°57'06" West), state of Pernambuco, North-eastern region of Brazil,
presented clinical signs suggestive of cryptosporidiosis. These animals were from a herd composed of 100 calves
up to 45 days old, raised in a semi-intensive system, where they maintained contact with adult animals from other
herds. The diet was based on Tifton grass and water ad libitum. Sixty-five calves presented the symptoms
mentioned and of these 18 died approximately 20 days after disease onset. The sick animals were treated with
Enrofloxacin and Doramectin, but no improvement in their clinical status was observed.

At the visit, a humid environment with the presence of organic matter and mud were recorded. During
the outbreak (November 2018) an atypical situation with intense rainfall was observed in the area.

All live calves (n = 47) were physically examined and clinical data reported in individual clinical charts.
Subsequently, faecal samples (n = 40) were collected from the rectal ampoule of calves aged 30 (n = 20) and 45
(n = 20) days, stored in plastic vials and maintained in isothermal boxes (8 °C) until laboratory processing. Seven
animals did not present enough faeces at the moment of sampling.

Laboratorial procedures
Parasitological analysis
The identification of Cryptosporidium spp. was performed through the centrifugal-sedimentation

technique in formol-ether (Ritchie 1948; David et al. 1989) modified and stained by the Ziehl-Neelsen technique
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(Henriksen and Pohlenz 1981). Slides were observed under an optical microscope at different magnifications (40X
and 100X). All parasitic structures detected were measured using an optical microscope equipped with a camera
using AxioVision software (release 4.8).
Immunoassay analysis

The immunoassay evaluation was performed using the commercial kit MERIFLUOR®
Cryptosporidium/Giardia (Bioscience) following the manufacturer's instructions.
Data analysis

Absolute and relative frequencies were obtained through the descriptive analysis.

Results

A total of 47.5% (19/40) of faeces were diarrheic and the presence of blood was observed in 17.5% (7/40)
of samples. Oocysts of Cryptosporidium spp. were detected in 35% (14/40) of animals. In particular 42.9% (6/14)
of positive animals were 30 days old and 57.1% (8/14) 45 days old. Oocysts presented a mean length of 3.86 +
0.71 and width of 4.07 £0.66 pm.

The immunological test scored positive in 47.5% (19/40) of samples, being 30% (12/40) reagent for
Cryptosporidium spp., 2.5% (1/40) for Giardia spp., and 15% (6/40) co-infected by both parasites. Positive
samples in the parasitological examination were confirmed by the immunological assay.

All positive animals presented diarrhoea, weight loss, dehydration, and apathy, clinical signs suggestive

of cryptosporidiosis.

Discussion

This study characterizes for the first time an outbreak of cryptosporidiosis in calves reared on a beef
production farm in the state of Pernambuco, North-eastern Brazil.

Although protozoan infection is a common finding in cattle herds, the positivity may vary, ranging from
10.2% to 63.54% (Heckler et al. 2015; Rodrigues et al. 2016; Toledo et al. 2017; Abreu et al. 2019). These
differences can be attributed to the different methods employed for this kind of diagnosis. For instance, in the
present study positivity values of 35% and 45% were found using the modified Ziehl-Neelsen technique and
immunological assay, respectively.

The clinical signs herein reported were nonspecific and may be confused with other gastrointestinal

disorders; therefore the laboratorial confirmation is pivotal (Fayer et al. 2000; Olson et al. 2004; Muniz Neta et al.
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2010). In the current study, it is believed that the hygiene conditions of the farm could facilitate the maintenance
and dissemination of protozoan. It is known that excessive humidity and accumulation of organic matter (e.g.,
faeces and mud), as well as the sharing of the same environment between young and adult animals may be
considered risk factors for this infection (Olson et al. 2004; Silva Junior et al. 2011; Gong et al. 2017). From an
epidemiological perspective, adult animals are very important as although they are asymptomatic, they are able to
eliminate oocysts, contaminating the environment (Xiao and Fayer 2008; Delafosse et al. 2015; Gong et al. 2017).

The atypical rainfall observed at the study area during the outbreak, associated with the humid
environment in which the calves were maintained, most likely favoured the spread of the oocysts and
environmental contamination, increasing the risk of animal infection, as previously observed in other studies
(Feitosa et al. 2004; Almeida et al. 2008; Bouzid et al. 2013).

Diarrhoea in infected animals may be an absent finding. In fact, this clinical sign is dependent on the
species involved, and the immunological status of the animal (Feitosa et al. 2008; Ryan et al. 2015). Both parasites
(i.e., Cryptosporidium spp., Giardia spp.) reported herein in some animals cause damage to the host intestinal
epithelium, leading to reduction in nutrient absorption, weight loss, and important economic impact (Silva Junior
et al. 2011; Zambriski et al. 2013).

In general, the presence of Cryptosporidium spp. has been considered an opportunistic infection (Moore
and Zeman 1991; Vargas Junior et al. 2014), however findings from this study suggest that this parasite could be
the primary cause of the disease, since some animals with intense diarrhoea were parasitized exclusively by

Cryptosporidium spp..

Conclusion

This is the first report of an outbreak of cryptosporidiosis in calves reared on a beef production farm in
the area of study. Therefore, considering that this disease may be facilitated by interaction between improper
management and exposure of susceptible animals, preventive measures should be adopted on beef production

farms in order to reduce the losses and economic impact caused by this neglected protozoa.

Acknowledgements
This article is based on the Master of Science dissertation (Postgraduate Program in Ruminant Health and
Reproduction) of the first author, developed at the Federal Rural University of Pernambuco, with support from a

fellowship from Coordenacgdo de Aperfeicoamento de Pessoal de Nivel Superior (CAPES).



120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

61

Compliance with ethical standards
Statement of animal rights
All procedures performed herein were approved by the Ethics Committee for Animal Use (ECAU) od the

Federal Rural University of Pernambuco under license number 73/2018.

Conflict of interest statement

The authors have no conflicts of interest.

References

Abreu, B.S., Pires, L.C., Santos, K.R., Luz, C.S.M, Oliveira, M.R.A., Sousa Junior, S.C., 2019. Occurrence of
Cryptosporidium spp. and its association with ponderal development and diarrhea episodes in nellore
mixed breed cattle. Acta Veterinaria Brasilica, 13, 24-29.

Almeida, A.J., Oliveira, F.C., Teixeira, C.S., 2008. Risco relativo da infeccdo por parasitos do género
Cryptosporidium em bezerros bovinos no norte do estado do Rio de Janeiro. Brazilian Journal of
Veterinary Parasitology, 17, 243-248.

Bouzid, M., Hunter, P.R., Chalmers, R.M., Tyler, K.M., 2013. Cryptosporidium pathogenicity and virulence.
Clinical Microbiology Reviews, 26, 115-134.

Cavalier-Smith, T., 2014. Gregarine site-heterogeneous 18S rDNA trees, revision of gregarine higher
classification, and the evolutionary diversification of Sporozoa. European Journal of Protistology, 50,
472-495.

Couto, M.C.M., Bomfim, T.C.B., 2012. Espécies de Cryptosporidium que infectam bovinos: caracteristicas
etioldgicas e epidemioldgicas. Veterinaria Noticias, 18, 94-109.

David, H., Frebault, V.L., ThoreL, M.F., 1989. Méthodes de laboratoire pour mycobacteriologie Clinique. (Institut
Pasteur).

Delafosse, A., Chartier, C., Dupuy, M.C., Dumoulin, M., Pors, I., Paraud C., 2015. Cryptosporidium parvum
infection and associated risk factors in dairy calves in Western France. Preventive Veterinary Medicine,
118, 406-412.

Fayer, R., Morgan, U., Upton, S.J., 2000. Epidemiology of Cryptosporidium: transmission, detection and

identification. International Journal for Parasitology, 30, 1305-1322.



150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

62

Feitosa, F.L.F., Shimamura, G.M., Roberto, T., Mendes, L.C.N., Peir6, J.R., Féres, F.C., Bovino, F., Perri, S.H.V.,
Meireles, M.V., 2008. Importancia de Cryptosporidium spp. como causa de diarreia em bezerros.
Pesquisa Veterinaria Brasileira, 28, 452-456.

Feitosa, F.L.F., Shimamura, G.M., Roberto, T., Meireles, M.V., Nunes, C.M., Ciarlini, P.C., Borges, A.S., 2004.
Prevaléncia de criptosporidiose em bezerros na regido de Aracatuba, Estado de S&o Paulo, Brasil. Ciéncia
Rural, 34, 189-193.

Gong, C., Cao, X.F., Deng, L., Li, W., Huang, X.M., Lan, J.C., Xiao, Q.C., Zhong, Z.J., Feng, F., Zhang, Y.,
Wang, W.B., Guo, P., Wu, K.J., Peng, G.N., 2017. Epidemiology of Cryptosporidium infection in cattle
in China: a review. Parasite, 24, 1-8.

Heckler, R.P., Borges, D.G.Bacha, F.B., Onizuka, M.K,, Teruya, Le, Neves, J.P., Leal, C.R.,de Lemos,
R.A., Meireles, M.V., Borges, F.A., 2015. First genetic identification of Cryptosporidium parvum
subtype 11aA14G2R1in beef cattle in Brazil. Preventive Veterinary Medicine, 121, 391-394.

Henriksen, S. A., Pohlenz, J. F. L., 1981. Staining of cryptosporidia by a modified Ziehl-Neelsen technique. Acta
Veterinaria Scandinavica, 22, 594-596.

Madrid, D.M.C., Bastos, T.S.A., Jayme, V.S., 2015. Emergéncia da criptosporidiose e impactos na salde humana
e animal. Enciclopédia Biosfera, 11, 2150 — 2171.

Moore, D.A., Zeman, D.H., 1991. Cryptosporidiosis in neonatal calves: 277 cases (1986-1987). Journal of the
American Veterinary Medical Associatin, 198, 1969-1971.

Muniz Neta, E.S., Sampaio, D.C., Galvédo, G.S., Munhoz, A.D., 2010. Comparacdo das técnicas de ziehl-neelsen
modificada e contraste de fase na deteccdo de oocistos do género Cryptosporidium tyzzer, 1907
(apicomplexa: cryptosporidiidae) em bovinos assintomaticos. Revista Brasileira de Medicina Veterinaria,
32, 201-204.

Olson, M. E., O’Handley, R.M., Ralston, B.J., McAllister, T.A., Thompson, R.C.A., 2004. Update on
Cryptosporidium and Giardia infections in cattle. Trends in Parasitology 20, 185-191.

Ortolani, E.L.; Soares, P.C., 2003. Epidemiological aspects of Cryptosporidiosis in dairy calves. Parasitologia
latino-americana, 58, 122-127.

Ritchie, L. S., 1948. An ether sedimentation technique for routine stool examination. Bulletin of the United State
Armed, Medical Department, 8, 326p.

Rodrigues, R.D., Gomes, L.R., Souza, R.R., Barbosa, F.C., 2016. Comparacdo da eficiéncia das coloracdes de

Ziehl-Neelsen modificado e safranina modificada na deteccdo de oocistos de Cryptosporidium spp.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Borges%20Fde%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26342791

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

63

(Eucoccidiorida, Cryptosporidiidae) a partir de amostras fecais de bezerros de 0 a 3 meses. Ciéncia
Animal Brasileira, 17, 119-125.

Ryan, U., Fayer, R., Xiao, L., 2014. Cryptosporidium species in humans and animals: current understanding and
research needs. Parasitology, 141, 1667-1685.

Ryan, U., Paparini, A, Tong, K, Yang, R., Gibson-Kueh, S., O'Hara, A., Lymbery, A., Xiao, L., 2015.
Cryptosporidium huwi n. sp. (Apicomplexa:Eimeriidae) from the guppy (Poecilia 727 reticulata).
Experimental Parasitology, 150, 31-35.

Santin, M., Trout, J.M., Fayer, R., 2008. A longitudinal study of cryptosporidiosis in dairy cattle from birth to 2
years of age. Veterinary Parasitology, 155, 15-23.

Santos, R.O., Oliveira, M.R.A., Luz, C.S.M., Abreu, B.S., Sousa Junior, S.C., Santos, K.R., 2016. Occurence of
protozoa from the genus Cryptosporidium spp. in cattle raised in properties of the rural zone in the county
of bom jesus, Piaui. Acta Veterinaria Brasilica, 10, 346-351.

Silva junior, F.A., Carvalho, A.H.O., Rocha, C.M.B.M., Guimaraes, A.M., 2011. Fatores de risco associados a
infeccdo por Cryptosporidium spp. e Giardia duodenalis em bovinos leiteiros na fase de cria e recria na
mesorregido do Campo das Vertentes de Minas Gerais. Pesquisa Veterinaria Brasileira, 31, 690-696.

Striepen, B., 2013. Time to tackle cryptosporidiosis. Nature, 503, 190-191.

Thomson, S., Hamilton, C.A., Hope, J.C., Katzer, F., Mabbott, N.A., Morrison, L.J., Innes, E.A., 2017. Bovine
cryptosporidiosis: impact, host-parasite interaction and control strategies. Veterinary Research, 48, 1-16.

Toledo, R.S., Martins, F.D.C., Ferreira, F.P., Almeida, J.C., Ogawa, L., Santos, H.L.E.P.L., Santos, M.M.,
Pinheiro, F.A., Navarro, I.T., Garcia, J.L., Freire, R.L., 2017. Cryptosporidium spp. and Giardia spp. in
feces and water and the associated exposure factors on dairy farms. PLoS ONE, 12, 1-20.

Vargas Junior, S.F., Pereira, M.C., Adrien, M.L., Fiss, L., Molarinho, K.R., Soares, M.P., Schild, A.L., Sallis,
L.S.V., 2014. Surto de criptosporidiose em bezerros no Sul do Rio Grande do Sul. Pesquisa Veterinaria
Brasileira, 34, 749-752.

Xiao, L.; Fayer, R., 2008. Molecular characterisation of species and genotypes of Cryptosporidium and Giardia
and assessment of zoonotic transmission. International Journal for Parasitology, 38, 1239-1255.
Zambriski, J.A., Nydam, D.V., Bowman, D.D., Bellosa, M.L., Burton, A.J., Linden, T.C., Liotta, J.L., Ollivett,
T.L., Tondello-Martins, L., Mohammed, H.O., 2013. Description of fecal shedding of Cryptosporidium
parvum oocysts in experimentally challenged dairy calves. Parasitology Research Journal, 112, 1247-

1254,


https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25637783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibson-Kueh%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25637783
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Hara%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25637783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lymbery%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25637783
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiao%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25637783
http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=CARVALHO,+ANDRE+H.O.
http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=ROCHA,+CHRISTIANE+M.B.M.
http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=GUIMARAES,+ANTONIO+M.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liotta%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=23315189
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5. CONSIDERACOES FINAIS

Este trabalho, inedito na regido, comprova a presenca da infec¢do por protozoarios do
género Cryptosporidium spp. em bezerros de aptiddo para producdo de leite e carne na area de
estudo. Tal resultado tem grande importancia para o setor pecuario e 0 meio veterinario, além
de fazer um alerta a salde publica por se tratar de um protozoario zoono6tico responsavel por
grandes transtornos em todo 0 mundo. O conhecimento sobre a prevaléncia e os fatores de risco
vinculados a infeccdo em bezerros da Microrregido do Agreste Meridional permite a
implementacdo de medidas eficazes que reduzam perdas econdmicas do setor produtivo e 0
impacto negativo na salde publica, tais como a propagacdo de orientacdes e informacdes a

respeito a esta infeccao por meio de folder educativo (Apéndice C).
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APENDICES

APENDICE A - Termo de Consentimento

@

p

UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO-UFRPE
UNIDADE ACADEMICA DE GARANHUNS-UAG
LABORATORIO DE PARASITOLOGIA VETERINARIA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Eu, )

portador de RG n° residente em

, abaixo assinado, atesto que entendi o

contelldo desse consentimento informado e concordo de livre e espontdnea vontade em
participar do estudo sobre parasitos gastrintestinais em fezes de bovinos da microrregido do
agreste meridional de Pernambuco. Atesto que fornecerei fezes de meus animais (bovinos) e
informac0es veridicas ao questionario aplicado pelo grupo de pesquisa da UFRPE. Declaro
ainda, que esclareci todas as minhas davidas com os responsaveis pela pesquisa e autorizo a

publicacdo dos dados e/ou fotos.

, de de 20

Proprietario responsavel dos animais

Assinatura de um dos responsaveis pela pesquisa
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APENDICE B - Questionario Epidemiolégico

@

WPt

UNIVERSIDADE FEDERAL RURAL DE PERNAMBUCO-UFRPE
UNIDADE ACADEMICA DE GARANHUNS-UAG
LABORATORIO DE PARASITOLOGIA VETERINARIA
Avenida Bom Pastor, s/n. — Boa Vista, Garanhuns/PE
55.293-901 — Telefone: (87) 3764-5505 / (87)3764-5551

FICHA N°:

DATA: / /

INVESTIGADOR:

QUESTIONARIO INVESTIGATIVO

PROPRIEDADE N°

IDENTIFICACAO
Fazenda:

Proprietario

Endereco:

Municipio:

Contato:

DADOS DO REBANHO

NUmero total de animais:

Animais de 30 - 60 dias:

Animais de 4 — 6 meses:

Fémeas:

Machos:

1) Espécie:

a) Bovina( ) Sim ( ) N&o
b) Mista ( ) Sim ( ) Né&o

Quais espécies:

Animais de 0 - 30 dias:
Animais de 60 - 90 dias:
Animais acima de 6 meses:
Fémeas em lactacao:

2) Raca:




3) Tipo de criagdo

a) Extensivo ()

b) Semi-intensivo ()
c) Intensivo ()

5) Alimentacgéo
a) Neonatos:
b) Jovens:
c¢) Adultos:

7) Local de fornecimento de alimento
a) Cocho ( )
b)Solo ( )
c¢)QOutro:

9) Animais tem acesso a éagua
represada
a)Sim ()
b) Ndo ( )
Qual:

11) Tipo de instalacéo
a) Cimentado ( )
b) Chéo batido ( )
c¢)Outro

13) Instalagéo maternidade
a)Sim ()
b) Ndo ( )

15) Periodicidade da limpeza do
ambiente

a) Diariamente ( )

b) Semanalmente ( )

¢) Quinzenalmente ( )

d) Mensalmente ( )

17) Usa esterqueira
a)Sim ()
b) Ndo ( )
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4) Tipo de exploracgédo

a) Carne ()
b) Leite ()
c) Mista ()

6) Mineralizacdo ( ) Sim () Néo

8) Fonte de agua
a) Agua tratada ( )

b) Cérregos e riachos ()
c) Acudes ( )
d) Pogo ( )
Onde € represada:

10) Instalacdo coletiva para todos 0s
animais

a)Sim ()

b) Nao ( )

12) Instalacdo separada para fémeas e
machos

a)Sim ()

b) Ndao ( )

14) Instalacéo separada para bezerros
a)Sim ()
b) Nao ( )

16) Usa desinfetante
a)Sim ()
b) N&do ( )
Quial

18) Procedéncia dos animais
a) Rebanho autoctone ()
b) Exposicao/leildo ( )

c) Feiralivre ()



19) Realiza quarentena
a)Sim ()
b) Ndo ( )

21) Animais tem surtos de diarreia
a)Sim ()

b) Ndo ( )

Idade mais frequente:

23) Utiliza antiparasitario
a)Sim ()
b) Nao ( )

25)Grupo animal para desverminacao
a) Toda populagdo ( )

b) Somente bezerros ( )

c) Animais ap6s desmame ()

d) Animais com sinais clinicos ( )

¢) Outros:

27) Animais apresentam problemas de
desenvolvimento

a)Sim ()

b) Ndo ( )

29) Tipo de cobertura

a) Monta natural ( )

b) Inseminacéo artificial ( )

c) Transferéncia de embrides ( )

31) Producdo diaria de leite na
fazenda

a) Abaixo de 50 L/dia ( )

b) Entre 51 e 100 L/dia ( )

c) Acima de 100 L/dia ()
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20) Ha animais doentes:
a)Sim ()
b) Nao ( )
Com o que?

22) Possui assisténcia veterinaria
a)Sim ()
b) Nao ( )

24) Periodo para desverminacao
a) Logo apos o parto ()

b) Umavezaoano ( )

c) Duas vezesao ano ( )

d) Mais de trés vezesao ano ( )

26) Rotacgao de principio ativo

a) Apos um ano utilizando ( )

b) Troca a cada desverminagdo ( )
c¢) De acordo com o preco ( )

d) Esporadicamente ( )

e) Néo rotaciona ( )

28) As fémeas apresentam problemas
reprodutivos
a)Sim ()
b) Nao ( )
Quais:

30) Tipo de ordenha
a) Manual ()
b) Mecanica ( )
c¢) Né&o realiza( )
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[ Criptosporidiose em Bovinos }

[ O que é? ]

E uma doenca grave que acomete os bovinoscausada pelo parasito
Cryptosporidium spp. E mais comum nos animais jovens, mas 0s
adultos também podem ser afetados. Além disto, é uma zoonose,
ou seja, pode ocorrer em humanos, sendo as criancas e pessoas
debilitadas as mais atingidas.

_;L, ,g.‘\ = r :

Figura 1. Oocistos de Cryptosporidium spp. nas fezes de bezerros
(estruturas esféricas e rosadas indicadas pelas setas).

O que causa e quais 0s sinais? ]

Alguns animais, principalmente os adultos, apesar de estarem
infectados podem n&o apresentar sinais clinicos visiveis. Os bezerros
geralmente apresentam:

» Lesdes no intestino » Diarreia e desidratacédo
» Falha na abor¢do de nutrientes > Emagrecimento

» Atraso no desenvolvimento » Queda na produtividade

PO T < ez as . S B x
e J e == =

Figura 2. Bezerros com criptosporidiose apresentando diarreia.
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[ Como é transmitida? ]

Fecal-Oral: através da ingestdo |
de agua ou  alimentos
contaminados pelo parasito que é
eliminado junto das fezes dos
animais infectados, mesmo sem
apresentar diarreia. No mesmo
ambiente, o Cryptosporidium
spp., pode afetar diferentes
especies de animais.

Figura 3. (A) Bezerro e aves criados no mesmo ambiente. Fornecimento
de agua (B) e alimento/sal (C) contaminados.

[ Diagnostico ]

E feito em laboratdrio, por meio de exame especifico das fezes dos
animais. Procure um Médico Veterinario!

[ Como prevenir? ]

> Limpeza do ambiente > Fornecimento de colostro,
> Evitar superlotacGes alimentos e agua de boa qualidade.
> Isolamento dos doentes > Separar animais por idade
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ANEXOS

ANEXO A - Instrugdes aos Autores (Revista The Veterinary Journal)

Normas complementares empregadas no Artigo 1.

Disponivel na pagina: <https://www.elsevier.com/journals/the-veterinary-journal/1090-0233/guide-for-
authors>.

The Veterinary Journal (established 1875) is an international journal of veterinary research that
publishes original papers and reviews on all aspects of veterinary science. Contributions reporting
investigative work in the scientific disciplines involving veterinary species are particularly welcome
where they make a significant contribution to the field. The Editors will be pleased to consider
suggestions for Special Issues on subjects of topical importance. The journal also publishes Guest
Editorials and occasionally Personal Views by invitation, but does not have a Letters section. Book
Reviews are published on-line. Articles of purely regional significance and studies of non-domestic
species are considered only if they clearly have broader scientific importance. Manuscripts that report
novel studies with substantial importance to the profession are preferred, including analytical studies
that are relevant to practising veterinarians.

Types of paper: Manuscripts may describe original work in a Full Paper (Original Article) or a Short
Communication, or may form a Review of the existing state of knowledge on a particular aspect of
veterinary science. Reviews should, in general, be written in support of original investigations. Case
Reports are not published.

Ethics in publishing: Please see our information pages on Ethics in publishing and Ethical guidelines
for journal publication.

Animal welfare: Where animals have been used in a study, the institutional ethical or animal welfare
Authority under which the work was conducted must be stated, along with the specific authorisation
reference number and the date of approval. Such studies must meet Animals in Research: Reporting In
Vivo Experiments (ARRIVE).

Declaration of interest: All authors must disclose any financial and personal relationships with other
people or organizations that could inappropriately influence (bias) their work. Examples of potential
competing interests include employment, consultancies, stock ownership, honoraria, paid expert
testimony, patent applications/registrations, and grants or other funding. Authors must disclose any
interests in two places: 1. A summary declaration of interest statement in the title page file (if double-
blind) or the manuscript file (if single-blind). If there are no interests to declare then please state this:
'‘Declarations of interest: none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of
the journal's official records. It is important for potential interests to be declared in both places and that
the information matches.

Submission declaration and verification: Submission of an article implies that the work described has
not been published previously (except in the form of an abstract, a published lecture or academic thesis,
see 'Multiple, redundant or concurrent publication' for more information), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, including electronically
without the written consent of the copyright-holder. To verify originality, your article may be checked
by the originality detection service Crossref Similarity Check.


https://www.elsevier.com/editors/perk/plagiarism-complaints/plagiarism-detection
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If the work has been published previously (as a published lecture, academic thesis or electronic preprint),
the authors must declare this information on initial submission.

Preprints: Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing
policy. Sharing your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple,
redundant or concurrent publication' for more information).

Copyright: Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement'. An e-mail will be sent to the corresponding author confirming receipt of the manuscript
together with a ‘Journal Publishing Agreement' form or a link to the online version of this agreement.
Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution and for all other derivative works, including compilations and translations. If
excerpts from other copyrighted works are included, the author(s) must obtain written permission from
the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for use by
authors in these cases. For gold open access articles: Upon acceptance of an article, authors will be asked
to complete an 'Exclusive License Agreement'. Permitted third party reuse of gold open access articles
is determined by the author's choice of user license.

Author rights: As an author you (or your employer or institution) have certain rights to reuse your
work.

Elsevier supports responsible sharing: Find out how you can share your research published in
Elsevier journals.

Role of the funding source: You are requested to identify who provided financial support for the
conduct of the research and/or preparation of the article and to briefly describe the role of the sponsor(s),
if any, in study design; in the collection, analysis and interpretation of data; in the writing of the report;
and in the decision to submit the article for publication. If the funding source(s) had no such involvement
then this should be stated.

Funding body agreements and policies: Elsevier has established a number of agreements with funding
bodies which allow authors to comply with their funder's open access policies. Some funding bodies
will reimburse the author for the gold open access publication fee. Details of existing agreements are
available online. After acceptance, open access papers will be published under a noncommercial license.
For authors requiring a commercial CC BY license, you can apply after your manuscript is accepted for
publication.

Language (usage and editing services): Please write your text in good English (British usage is
preferred, North American authors may use American English). Authors who feel their English language
manuscript may require editing to eliminate possible grammatical or spelling errors and to conform to
correct scientific English may wish to use the English Language Editing service available from
Elsevier's WebShop

Use of Word Processing Software: It is important that the file be saved in the native format of the word
processor used. The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the article. In particular,
do not use the word processor's options to justify text or to hyphenate words. However, do use bold face,
italics, subscripts, superscripts etc. When preparing tables, please use a table grid, (however use only
one grid for each individual table and not a grid for each row). The electronic text should be prepared
in a way very similar to that of conventional manuscripts (see also the Guide to Publishing with
Elsevier: https://www.elsevier.com/guidepublication). Note that source files of figures, tables and text
graphics will be required whether or not you embed your figures in the text. See also the section on


https://www.elsevier.com/about/policies/sharing/preprint
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/about/policies/sharing
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/authors/journal-authors/policies-and-ethics
https://www.elsevier.com/about/policies/copyright/permissions
https://www.elsevier.com/__data/assets/word_doc/0007/98656/Permission-Request-Form.docx
https://www.elsevier.com/about/policies/open-access-licenses
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article
https://www.elsevier.com/about/open-science/open-access/agreements
http://webshop.elsevier.com/languageediting/
https://www.elsevier.com/guidepublication
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Electronic artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and ‘grammar-check’
functions of your word processor.

Avrticle structure: Authors submitting papers that are suitable for consideration but do not comply fully
with this Guide will be asked to amend the text and re-submit. Model article formats in WORD are
available (click to follow link below as appropriate):

Original Article
Short Communication
Review

Guest Editorial
Personal View

Book Review

Original Articles should be no longer than 3,000 words in length, excluding the Title page,
Abstract, Acknowledgements, Tables, Figures and References. Reviews should be about 4,000 words
in length and Short Communications up to 1,000 words.

Avrticles - Original Articles: (word limit 3,000 words) should be arranged as follows: (1) Title page;
(2) an Abstract of up to 250 words (with no sub-headings), which should emphasise objectives, the
experimental procedure, results and conclusions; up to five alphabetically arranged Keywords in
Sentence case should be supplied below the Abstract; (3) the main text must be sub-divided into
Introduction, Materials and methods, Results, Discussion, and Conclusions; (4) Conflict of interest
statement; (5) Acknowledgements; (6) Appendix: Supplementary material (where this is provided; see
below); (7) References; (8) Tables; (9) Figure legends; (10) Figures (uploaded as separate files); (11)
Highlights (uploaded as a separate file). The sections should not be numbered. Please see the model
article provided (view here).

Please note:
o Insertapage break only after the Title page, after the Abstract with Keywords, after the References
section, between each Table, and before the Legends to figures.
e  The Results and Discussion sections must be distinct and not combined.
e Avoid sub-headings in the Discussion section.
e References must not be included within the Conclusions section.
e  The first person (I, we, our) must be avoided in the Abstract, but may be used elsewhere in the
paper.

Tables should be included within the article and placed sequentially after the References, but before
the Figure legend(s), with one Table per page.

Figure legends should be included in the main manuscript file after any Tables. Each figure should
be uploaded as a separate file (Fig. 1, Fig. 2 etc.).

Subdivision - unnumbered sections: Divide your article into clearly defined sections. Each subsection
is given a brief heading. Each heading should appear on its own separate line. Subsections should be
used as much as possible when cross-referencing text: refer to the subsection by heading as opposed to
simply 'the text'.

Essential title page information:

) Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
o Author names and affiliations. Please clearly indicate the given name(s) and family name(s)

of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-case


https://www.elsevier.com/__data/promis_misc/TYJVL_Model_FLA_edited_ajh_201212.docx
https://www.elsevier.com/__data/promis_misc/TYJVL_Model_SCO_edited_ajh_201212.docx
https://www.elsevier.com/__data/promis_misc/TYJVL_Model_Review_article_edited_ajh_201212.docx
https://www.elsevier.com/__data/promis_misc/TYJVL_Model_GE_201212.docx
https://www.elsevier.com/__data/promis_misc/TYJVL_Model_PV_201212.docx
https://www.elsevier.com/__data/promis_misc/TYJVL_Model_BRV_201212.docx
https://www.elsevier.com/__data/promis_misc/TYJVL_Model_FLA_edited_ajh_201212.docx
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superscript letter immediately after the author's name and in front of the appropriate address. Provide
the full postal address of each affiliation, including the country name and, if available, the e-mail address
of each author.

o Corresponding author. Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. This responsibility includes answering any future
queries about Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

o Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address") may be indicated as a
footnote to that author's name. The address at which the author actually did the work must be retained
as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

o Abstract: A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is often presented
separately from the article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the abstract
itself.

o Highlights: Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate editable file in
the online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points

(maximum 125 characters, including spaces, per bullet point).
See https://www.elsevier.com/highlights for examples.
) Acknowledgements: Collate acknowledgements in a separate section at the end of the article

before the references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).
o Nomenclature and Units: Manufacturers. Manufacturers and suppliers should be indicated
within the text after the name of the product. For example: 'diazepam (Valium, Roche)' or 'using an
infusion pump (Medfusion 2010, Medex)'. Addresses/locations of manufacturers should not be given
and the use of ® or ™ should be avoided. Note: proprietary names must not appear in the title or
Abstract.
o Artwork: Figures. The quality of all Figures submitted must be high. The Editors will reject
Figures of an unacceptable standard or ask the Authors to replace them. Figures should be referred to
sequentially in the text as Fig. 1, Fig. 2, Figs. 3a,b and 4, etc. A Legend must be provided for each Figure
and placed after any Tables in the main manuscript file. Do not write legends on the figures themselves.
Scale bars must be provided on all photomicrographs and electron micrographs.

In preparing figures, Authors should note the following:
- Make sure you use uniform lettering and sizing of your original artwork;
- Save text in figures as "graphics” or enclose the font;
- Only use the following fonts in your figures: Times New Roman, Arial, Courier, Helvetica, Symbol;
- Number the figures according to their sequence in the text;
- Use a logical naming convention for your artwork files;
- Provide all figures as separate files;
- Produce images near to the desired size of the printed version;
- Ensure that all units and wording in the figures conform to TVJ style (see Units above).
. References:
- Citation in text: Please ensure that every reference cited in the text is also present in the reference list
(and vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in the text.
If these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either '‘Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted
for publication.


https://www.elsevier.com/highlights
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- Reference style: Authors are strongly advised to use reference management software such as EndNote.
However, references should be checked carefully for accuracy and corrected manually to ensure the
format matches exactly the TVJ style described below.

- Only essential references should be included. Text citations can be in either of two ways: (a) with date
in parentheses, e.g. as demonstrated by Mills (2011); or (b) with names and dates in parentheses, e.g.
according to recent findings (Mills, 2011). If a citation has more than two Authors the first Author should
be given followed by et al. in standard text format (not italicised), e.g. Jones et al. (2007) or (Jones et
al., 2007). Where lists of references are cited in the text, they should be placed first chronologically and
then alphabetically, e.g. (Philbey et al., 2003; Cassidy and Mills, 2005; Litster, 2010). If two or more
references by the same Author(s) published in the same year are cited, they should be distinguished from
each other by placing a, b, etc. after the year, e.g., (Laven, 2011a, b; Laven and Smith, 2010a, b).
Personal communications should be designated as '(E.A. Blomme, personal communication)'.

- The Reference list at the end of the paper should be arranged first alphabetically and then further sorted
chronologically if necessary. References should be single spaced and a line break should be inserted
between each reference. All Authors should be included up to 10, after which you should write ‘et al.";
Please note that, in all cases Journal titles must be given in full. Volume numbers and full page numbers
should be provided, but issue numbers should be omitted. Where a Supplement is cited, give the
Supplement number e.g. 'Equine Veterinary Journal Supplement 37" or 'Journal of Reproduction and
Fertility 54 (Suppl. 1), 115-126". Where selected pages only have been consulted, such as in a book, this
is given by 'pp. 237-240' or 'p. 456’ (see below).
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ANEXO B - Instrucdes aos Autores (Tropical Animal Health and Production)

Normas complementares empregadas no Artigo 2.
Disponivel na pagina: <https://www.springer.com/journal/11250/submission-guidelines>.

Tropical Animal Health and Production is an international journal publishing the results of original
research in any field of animal health, welfare, and production with the aim of improving health and
productivity of livestock, and better utilisation of animal resources, including wildlife in tropical,
subtropical and similar agro-ecological environments.

Authorship Policy
Authorship should incorporate and should be restricted to those who have contributed substantially to
the work in one or more of the following categories:
* Conceived of or designed study;
* Performed research;
* Analyzed data;
* Contributed new methods or models;
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Greek, with English abstract)‘ added;

o Citations of personal communications should be avoided unless absolutely necessary. When
used, they should appear only in the text, using the format: ‘E. Redpath, personal communication, 1986°
and should not appear in the Reference List. Citations to the unpublished data of any of the authors
should not be included unless the work has already been accepted for publication, in which case a
reference should be given in the usual way with "in press" in place of the volume and page numbers.
Submission

Supply all supplementary material in standard file formats. Please include in each file the
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corresponding author.

To accommodate user downloads, please keep in mind that larger-sized files may require very
long download times and that some users may experience other problems during downloading.
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This journal is committed to upholding the integrity of the scientific record. As a member of the
Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal
with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in
the journal, the professionalism of scientific authorship, and ultimately the entire scientific endeavour.
Maintaining integrity of the research and its presentation is helped by following the rules of good
scientific practice, which include*:
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o The manuscript should not be submitted to more than one journal for simultaneous
consideration;
o The submitted work should be original and should not have been published elsewhere in any

form or language (partially or in full), unless the new work concerns an expansion of previous work.
(Please provide transparency on the re-use of material to avoid the concerns about text-recycling (‘self-
plagiarism’);
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. Results should be presented clearly, honestly, and without fabrication, falsification or
inappropriate data manipulation (including image based manipulation). Authors should adhere to
discipline-specific rules for acquiring, selecting and processing data;

o No data, text, or theories by others are presented as if they were the author’s own (‘plagiarism’).
Proper acknowledgements to other works must be given (this includes material that is closely copied
(near verbatim), summarized and/or paraphrased), quotation marks (to indicate words taken from
another source) are used for verbatim copying of material, and permissions secured for material that is
copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software, questionnaires/(web)
surveys and scales in their studies (if appropriate).

Authors should avoid untrue statements about an entity (who can be an individual person or a
company) or descriptions of their behavior or actions that could potentially be seen as personal attacks
or allegations about that person.

Research that may be misapplied to pose a threat to public health or national security should be
clearly identified in the manuscript (e.g. dual use of research). Examples include creation of harmful
consequences of biological agents or toxins, disruption of immunity of vaccines, unusual hazards in the
use of chemicals, weaponization of research/technology (amongst others).

Authors are strongly advised to ensure the author group, the Corresponding Author, and the
order of authors are all correct at submission. Adding and/or deleting authors during the revision stages
is generally not permitted, but in some cases may be warranted. Reasons for changes in authorship
should be explained in detail. Please note that changes to authorship cannot be made after acceptance of
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*All of the above are guidelines and authors need to make sure to respect third parties rights
such as copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to
verify the validity of the results presented. This could be in the form of raw data, samples, records, etc.
Sensitive information in the form of confidential or proprietary data is excluded.

Author contributions

Please check the Instructions for Authors of the Journal that you are submitting to for specific
instructions regarding contribution statements.

In absence of specific instructions and in research fields where it is possible to describe discrete
efforts, the Publisher recommends authors to include contribution statements in the work that specifies
the contribution of every author in order to promote transparency. These contributions should be listed
at the separate title page.

Examples of such statement(s) are shown below:
Free text: All authors contributed to the study conception and design. Material preparation, data
collection and analysis were performed by [full name], [full name] and [full name]. The first draft of the
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manuscript was written by [full name] and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript;

Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and investigation:
[full name], ...; Writing - original draft preparation: [full name, ...]; Writing - review and editing: [full
name], ...; Funding acquisition: [full name], ...; Resources: [full name], ...; Supervision: [full name],...;
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who had the idea for the article, who performed the literature search and data analysis, and who drafted
and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended
that the student is usually listed as principal author:

Affiliation

The primary affiliation for each author should be the institution where the majority of their work
was done. If an author has subsequently moved, the current address may additionally be stated.
Addresses will not be updated or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and
the order of authors at submission. Changes of authorship by adding or deleting authors, and/or changes
in Corresponding Author, and/or changes in the sequence of authors are notaccepted after
acceptance of a manuscript.

Please note that author names will be published exactly as they appear on the accepted
submission!

Please make sure that the names of all authors are present and correctly spelled, and that
addresses and affiliations are current. Adding and/or deleting authors at revision stage are generally not
permitted, but in some cases it may be warranted. Reasons for these changes in authorship should be
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that journals may have individual policies on adding and/or deleting authors during revision stage.
Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration
or acquire an ORCID ID via the submission process.

Disclosure of potential conflicts of interest

Authors must disclose all relationships or interests that could have direct or potential influence
or impart bias on the work. Although an author may not feel there is any conflict, disclosure of
relationships and interests provides a more complete and transparent process, leading to an accurate and
objective assessment of the work. Awareness of a real or perceived conflicts of interest is a perspective
to which the readers are entitled. This is not meant to imply that a financial relationship with an
organization that sponsored the research or compensation received for consultancy work is
inappropriate. Examples of potential conflicts of interests that are directly or indirectly related to the
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o Financial support for educational programs;
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) Intellectual property rights (e.g. patents, copyrights and royalties from such rights);

) Holdings of spouse and/or children that may have financial interest in the work;
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In addition, interests that go beyond financial interests and compensation (non-financial
interests) that may be important to readers should be disclosed. These may include but are not limited
to personal relationships or competing interests directly or indirectly tied to this research, or professional
interests or personal beliefs that may influence your research.

The corresponding author collects the conflict of interest disclosure forms from all authors. In
author collaborations where formal agreements for representation allow it, it is sufficient for the
corresponding author to sign the disclosure form on behalf of all authors. Examples of forms can be
found.

The corresponding author will include a summary statement in the text of the manuscript in a
separate section before the reference list, that reflects what is recorded in the potential conflict of interest
disclosure form(s).
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