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RESUMO

A ordem Anseriforme tem como um dos representantes Cairina moschata domestica,
conhecido como pato doméstico de grande importancia econdémica, possuem habito aquatico, e
a maioria das espécies sdo migratorias para suprir as necessidades de alimento, nidacao, abrigo
e muda. O Brasil possui poucas espécies de anatideos. A ordem Suliformes inclui quatro
familias, cujos representantes sdo encontrados em todos 39 os continentes, sendo um deles o
Phalacrocorax brasilianus. Ambos vivem em ambiente em comum na llha de Marajé, onde ha
uma varidvel quantidade de hospedeiros intermediarios que fazem parte de ciclos bioldgicos de
parasitas dessas aves. Amostras de C. moschata e P. brasilianus provenientes da llha de Marajo,
Estado do Pard, foram analisadas. Essas amostras seréo obtidas das aves mortas de dominio da
populacdo local. Os helmintos parasitos encontrados serdo processados para analise por
microscopia de luz, microscopia eletronica de varredura, histologia e biologia molecular. Serdo
utilizados catalogos, chaves de identificacdo, livros e artigos cientificos com descri¢des
originais e redescricdo de espécies para identificacdo do taxon. Os mesmos foram quantificados
sob estéreomicroscdpio, para determinacéo dos parametros de prevaléncia, intensidade média
de infeccdo e abundancia média. Os dados foram tabulados e comparados com 0s presentes na
literatura existente para cada taxon identificado. Com isso, identificamos espécies de helmintos,
caracterizamos a relacao parasita-hospedeiro prejudiciais a essas aves, adicionando assim dados
sobre a biodiversidade parasitaria de aves no norte do Brasil.

Palavras-chave: Cairina. Phalacrocorax. Helmintos. Parasitos.



ABSTRACT

The Anseriforme order has as one of the representative Cairina moschata domestica, known as
Muscovy duck of great economic importance, they have an aquatic habit, and most species are
migratory to meet the needs of food, nesting, shelter, and molting. Brazil has few species of
anatidae. The order Suliformes includes four families, whose representatives are found on all
39 continents, one of them being the Phalacrocorax brasilianus. Both live in a common
environment on the Marajo Island, where there is a variable number of intermediate hosts that
are part of the biological cycles of these birds’ parasites. Samples of C. moschata and P.
brasilianus from Marajo Island, State of Para, were analyzed. These samples will be obtained
from dead birds in the domain of the local population. The parasitic helminths found will be
processed for analysis by light microscopy, scanning electron microscopy, histology, and
molecular biology. Catalogs, identification keys, books and scientific articles with original
descriptions and species redescription will be used to identify the taxon. They will be counted,
under a stereomicroscope, to determine the parameters of prevalence, mean infection intensity
and mean abundance. Data will be tabulated and compared with data in the existing literature
for each identified taxon. With this, we identified species of helminths, characterized the
parasite-host relationship harmful to these birds, thus adding data on the parasite biodiversity
of birds in northern Brazil.

Keywords: Cairina. Phalacrocorax. Helmintes. Parasites.
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1. CONTEXTUALIZACAO

1.1. Biodiversidade na Amaz6bnia brasileira

A Amazonia possui uma biodiversidade sustentada por diferentes niveis taxondmicos
(HASEYAMA; CARVALHO, 2011). Um dos ambientes que contribui para a alta diversidade
na regido amazonica sdo 0s ecossistemas aquaticos que abrigam um conjunto de interacdes
ecoldgicas onde a variagdo periddica do nivel das aguas é um fator determinante para
comunidade de organismos aquaticos presente em rios com planicies alagadas (WELCOMME,
1985; JUNK et al., 1989). Essas alteragdes do nivel das aguas promovem modificacdes tanto
bioticas e abidticas (LOWE-MCCONNELL, 1999).

Os periodos sazonais na Amazoénia sdo diferenciados pelas caracteristicas limnologicas
durante dois periodos extremos, a das aguas baixas e das aguas altas (JUNK et al., 1989). A
influéncia desse fendmeno pode causar grandes alteragcdes nos processos ecologicos dos lagos
de inundacdo ao longo deste ciclo sazonal (BITTENCOURT; AMADIO, 2007). O
aparecimento de areas alagaveis aparece como uma das maiores forcas controladoras da
dindmica dos ecossistemas aquaticos (SIOLI, 1985). Conforme SANTOS (2006) as areas
Umidas sdo influenciadas pelo regime das marés, dos rios e das chuvas, e servem como
criadouros para varias espécies de animais (aves, mamiferos, insetos etc.) e area de desova para
organismos aquaticos (peixes, crustaceos etc.). Dessa forma, essa dinamica influencia
significativamente a vida dos peixes e outros organismos aquaticos, incluindo a fauna de
parasitos dos peixes (PANTOJA, 2013).

No nivel individual, as relagdes entre um vetor e o microrganismo que ele veicula ou
transporta podem variar desde a simples relacdo de individuos de espécies diferentes a
intimidade essencial, quando uma fase do desenvolvimento do microrganismo se desenvolve
no corpo do hospedeiro intermediario (AVILA-PIRES, 1989).

As relacdes de parasitismo, comensalismo e simbiose sugerem etapas de uma longa
sequéncia evolutiva, de acomodacdo e adaptacdo mdtuas, durante a histdria
filogenética dos organismos envolvidos. Entretanto, nem sempre isso se verifica,
como o demonstra a variacdo na rea¢do do hospedeiro a colonizagéo. Ao nivel do
ecossistema, a situagdo desse equilibrio traduz-se nas epizootias ou epidemias e nas
enzootias ou endemias. A condicdo enzodtica ou endémica representa o estagio de
adaptagdo alcangado através do processo de selecdo natural, que elimina o0s
hospedeiros mais suscetiveis e 0s micro-organismos mais patogénicos, em cada

comunidade biética (AVILA-PIRES, 1989).
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As aves desempenham importantes funcdes bioldgicas nestes ambientes aquético
litordneo e continental onde sdo consideradas predadores de topo da cadeia alimentar (CONDE-
TINCO; IANNACONE, 2013). Seu comportamento de forrageio ocorre com a disponibilidade
de presas e as condi¢cbes ambientais (PETRY et al., 2008, 2009, 2010). Dessa forma,
consideram-se essas aves como bioindicadoras nestes ecossistemas aquaticos (SICK, 1997,
BARRETT et al., 2007; BARQUETE et al., 2008).

O estudo da helmintofauna parasitaria de aves aquaticas segundo KENNEDY et al.,
1986 é considerado de grande importancia, devido a funcdo da dispersdo de uma grande
variedade de espécies de helmintos que atuam no ecossistema, ajudando-0s a conquistar novos
habitats, fazendo com que essas aves possuam comunidades de parasitas diversificado, por estar
em proximidade as aguas, onde se alimentam.

Os estudos de biodiversidade parasitaria baseiam-se na importancia desses organismos
como causadores de doenga influenciando negativamente na salde dos habitats silvestre e
domiciliar, trazendo um novo conceito ao entendimento das interacdes ecoldgicas, dos padrbes
de distribuicdo dos hospedeiros e da historia de muitas regides (BROOKS; HOBERG, 2000;
BAUTISTA-HERNANDEZ et al., 2015).

As aves da familia Anatidae e Phalacrocoracidae (Figura 1) embora sejam de diferentes
familias, habitam a Ilha de Marajo em regides com areas alagadas, varzeas, igarapés e praias,
em busca de alimentos e reproducdo, podendo dessa forma ocorrer a propagacao de helmintos
parasitos que fazem parte do ciclo bioldgico de cada espécie parasita dessas aves. A
compreensdo dos aspectos taxondémicos e ecoldgicos desses parasitos tem grande importancia

pratica por razBes veterinarias, de conservacdo em geral e salde publica.
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Figura 1 - Representantes da familia Phalacrocoracidae e Anatidae. A-B. Phalacrocorax brasilianus. C-D. Cairina
moschata domestica.

Fonte: Carvalho (2023).

1.2.  Cairina moschata domestica

A ordem Anseriformes é formada por 170 espécies de aves aquaticas distribuidas nas
familias Anhimidae, Anseranatidae e Anatidae, onde esta ultima tem como um dos
representantes a espécie Cairina moschata (ASHTON; ASHTON, 2001; SIGRIST, 2009;
SILVEIRA, 2012). Sdo animais amplamente usados como fonte de proteinas por diversos povos
(GOIS et al., 2012; FEHLBERG, 2015). Os patos domésticos (Cairina moschata domestica)
sdo criados extensivamente na maior parte do Brasil, e na llha do Maraj6 sdo de grande
importancia a populagdo local como fonte de alimento, conhecer sua fauna parasitaria é
importante para politica de salde publica e evitar possiveis zoonoses, pois existe registro de
que os patos domésticos sdo hospedeiros acidentais para grande parte de espécies de larvas, e
hospedeiros definitivos para algumas das espécies de helmintos parasitos encontrados.
(CARVALHO et al., 2019; 2020).

Santana (2019) demonstrou que essas aves possuem uma ampla comunidade parasitaria,
podendo estar relacionado ao sistema de criagdo adotado pelos proprietarios destes animais,
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devido a coabitacdo com outras espécies domésticas e ao contato livre com animais silvestres,
predispondo ao surgimento de infeccdes parasitarias.

Os patos sdo aves de grande rusticidade e com reduzida propensao a doencas, desde que
mantidos num ambiente higiénico e isento de umidade, porém, particularmente propensos a
infeccdo por helmintos (GOWER,1939). Sdo aves aquaticas que possuem os digitos dos pés
interligados por membranas de forma a funcionarem como um par de remos. Suas penas
espessas as protegem do frio e facilita a flutuagcdo, a maioria das espécies sao migratorias para
suprir as necessidades de alimento, nidacédo, abrigo e muda (SICK, 2001; QUINALHA et al.,
2011).

A alimentacdo, quando criados extensivamente, varia por meio da ingestdo de plantas,
raizes, pequenos peixes, caracOis e insetos, sendo necessario a suplementacdo caso se
encontrem em fase de postura, ou sejam criados para corte, podendo-se fornecer arroz, milho,
derivados da mandioca, batata doce e outras fontes de alimentos (MEULEN; DIKKEN, 2003).

1.3. Phalacrocorax brasilianus

A ordem Suliformes inclui quatro familias, Fregatidae Degland & Gerbe, 1867, Sulidae
Reichenbach, 1849, Anhingidae Reichenbach, 1849 e Phalacrocoracidae Reichenbach, 1849
cujos representantes sdo encontrados em todos os continentes (MONTEIRO, 2006). A espécie
Phalacrocorax brasilianus (Gmelin, 1789) (Sin. Nannopterum brasilianus), popularmente
conhecido como “bigud”, possui distribuicdo no sul dos EUA e toda América do Sul
(BIRDLIFE INTERNACIONAL, 2016); habita aguas interiores e em todo o litoral, rios, lagos,
estuarios e manguezais, mas nao se afastam da costa (SICK, 1997; SOUZA et al., 2008).

E uma das poucas aves que habitam ambientes de 4gua doce e salina (QUINTANA;
YORIO; BORBOROGLU, 2002). Esta espécie € difundida no Brasil e habita as margens de
lagoas, rios e baias. A ave possui 63—-68 cm de comprimento e peso em torno de 1,3kg, possui
pescoco longo, cabeca pequena, bico cinzento longo e fino, sendo a ponta da maxila terminal
em forma de gancho preto com coloracdo marrom volta, pele facial amarela com bordas finas
e brancas e algumas penas brancas na cabeca e pescogo durante a reprodugéo (ROSARIO, 1996;
SICK, 1997; GWYNNE et al., 2010).

Esta espécie piscivora é bastante ativa durante o dia e pode ser encontrado isolado ou
coletivamente, facilitando seu monitoramento (SICK, 1997). Seus ninhos sao construidos sobre
arvores, em éreas alagadas ou nas proximidades de ambientes aquaticos (ROSARIO, 1996;

SICK, 1997). Os peixes sdo o principal componente da sua dieta que ¢ complementada por
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anfibios, crustaceos, moluscos, répteis e até pequenos mamiferos, mas o conhecimento sobre a
identificacdo das espécies que constituem a sua dieta ainda é escasso (WELLER, 1999;
AZPIROZ, 2001; VIOLANTE-GONZALEZ et al., 2011; DE OLIVEIRA et al., 2019).

O comportamento dessas aves pode ser modulado por variagbes sazonais, com a
mudanca de periodos e volume de chuva. Essas espécies piscivoras, podem ser afetadas pela
disponibilidade de peixes durante as estacdes seca e chuvosa. Em periodos de seca, quando ha
pouca precipitacdo e alta evaporacao, o nivel da &gua dos ambientes aquaticos diminui, expondo
uma grande quantidade de presas mortas a essas aves. Em épocas com alta precipitacéo, o nivel
da 4gua aumenta, dificultando a busca por esses (GUIBU et al., 2007).

Em estudos sobre a diversidade parasitaria de P. brasilianus, Monteiro et al. (2011),
realizaram andlise da estrutura das comunidades de parasitos nas aves, encontrando 20 espécies
de parasitos, assim tem despertado muito interesse devido a ampla distribuicdo geogréafica do
género Phalacrocorax Brisson, 1760. Os estudos nas &reas onde sdo encontradas, revelaram
uma helmintofauna extremamente rica, sendo reflexo de um ambiente complexo, rico em
invertebrados e vertebrados que atuam como hospedeiro intermediario nos ciclos bioldgicos
para as diferentes espécies de parasitos (MONTEIRO, 2006). P. brasilianus sdo importantes
agentes de disseminacdo de parasitas devido ao seu habito migratério (KENNEDY, 1998).

Porém no Brasil, a helmintofauna ainda ndo é bem definida.

1.4.  llha de Maraj6, Paréa

A ilha de Marajo, é a maior ilha do arquipélago na foz do rio Amazonas, com 50.000
km2 de extensdo, situada a nordeste do Estado do Para, é banhada pelas dguas brancas do rio
Amazonas, Baia do Marajo; rio Tocantins e pelo Oceano Atlantico, sendo um dos estuarios
mais relevantes do Brasil (OTCA, 2012). O municipio de Soure com area de 2.857 km2 de
extensdo, e populagdo esta estimada em 25.565 pessoas (IBGE, 2018).

As paisagens naturais do Marajo (Figura 2) sdo formadas por extensas areas de terra
firme, varzea, igapd, manguezais com influéncia marinha e campos naturais que podem ser
sazonalmente inundaveis devido a vasta rede hidrografica da regido, caracterizada por
emaranhados de canais, furos, baias, lagos, igarapés, praias de mar e rio, com a vegetacdo
influenciada diretamente pela hidrografia, que define os principais ecossistemas regionais
(JAPIASSU; FILHO, 1974; BRASIL, 2007).
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Figura 2 - Paisagens da Ilha de Marajé. A, B, C sdo regifes de praia com influéncia das aguas de rio e de mar com
presenca de currais de pesca. D, E e F &rea de igarapé, manguezal.

Fonte: Carvalho (2023).

1.5.  Espécies parasitos de Cairina moschata domestica

Mattos Junior et al. (2008), identificaram uma biota parasitaria composta por uma
variedade de nematddeos em patos do Rio de Janeiro, e atualmente pesquisas mais recentes
registraram a ocorréncia dos parasitos Eucoleus contortus e Anisakis sp. no eséfago dessas aves,
conforme Carvalho et al., (2019; 2020). E Bruno et al. (2021) por meio de exames
coproparasitologico de anatideos oriundo do estado de Sdo Paulo, identificaram as Ordens
Trichuroidea e Ascaridia. Nas tabelas 1 e 2 ha a apresentacao atualizada dos helmintos parasitos

de C. moschata domestica no exterior e no Brasil.



Tabela 1- Helmintos parasitos de C. moschata de acordo com os registros feitos por diferentes pesquisadores no exterior.

Helmintos
Filo Nematoda

Superfamilia Habronematoidea Ivaschkin, 1961

Familia Tetrameridae Travassos, 1914

Tetrameres fissipina (Diesing, 1860) Travassos, 1914

Superfamilia Heterakoidea Railliet e Henry, 1914

Familia Heterakidae Railliet e Henry, 1914

Heterakis gallinarum (Schrank, 1788)
H. dispar (Schrank, 1790)
H. isolonche Linstow, 1906

Familia Ascariididae Travassos, 1919

Ascaridia galli (Schrank, 1788) Freeborn, 1923
A. columbae (Gmelin, 1979)

A. dissimilis Vigueras, 1931

Superfamilia Spiruroidea Oerley, 1885
Familia Gongylonematidae Sobolev, 1949

Gongylonema congolense Fain, 1955

Superfamilia Subuluroidea Travassos, 1930

Familia Subuluroidae Yorke e Maplestone, 1926

Subulura brumpti (Lopez-Neyra, 1922)
Subulura strongylina (Rudolphi, 1819)

Sitio de infeccao

Proventriculo

Cecos

Intestino

Papo, esofago

Cecos

Localidade

india

Africa, Tanzania

Tanzania
Tanzania

Africa
Tanzéania
Tanzania

Africa

Referéncias

Kamil et al., 2011

Alexander e Mclaughlin, 1997; Muhairwa et al., 2007

Muhairwa et al., 2007
Muhairwa et al., 2007

Alexander e Mclaughlin, 1997; Muhairwa et al., 2007

Muhairwa et al., 2007
Muhairwa et al., 2007

Alexander e Mclaughlin., 1997

Muhairwa et al., 2007
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Subulura suctoria (Molin, 1860) Intestino

Superfamilia Thelazioidea
Familia Thelaziidae (Skrjabin, 1915) Railliet, 1916

Oxyspirura parovatum Sweet, 1910 Olhos
Superfamilia Acuarioidea Molin, 1860
Familia Acuariidae Seurat, 1913
Streptocara incognita Gibson, 1968 Esofago
Superfamilia Trichinelloidea Railliet, 1916
Familia Capillariidae Neveu-Lemaire, 1936
Eucoleus contortus (Creplin, 1839)
Eucoleus annulatus (Molin, 1858)
o ] Cecos
Capillaria anatis (Schrank, 1790)
Superfamilia Habronematoidea Railliet e Henry, 1915
Familia Habronematidae Chitwood e Wehr, 1932
Parhadjelia cairinae Zhang e Brooks, 2005 Papo
Filo Platyhelminthes, Classe Trematoda
Familia Cyclocoelidae Stossich, 1902
Typhlocoelum cucumerinum (Rudolphi, 1809) Fossas nasais, Traqueia

Superfamilia Opisthorchioidea Looss, 1899
Familia Opisthorchiidae Looss, 1899

Tanzania

Australia

Italia

Tanzania

Costa Rica

Colémbia

Muhairwa et al., 2007

Gower, 1939

Bano et al., 2005

Muhairwa et al., 2007

Zhang e Brooks, 2005

Hoyos et al., 2017, Assis et al., 2021
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Amphimerus anatis (Yamaguti, 1933)

Filo Platyhelminthes, Classe Cestoda
Superfamilia Cyclophyllidea
Familia Hymenolepididae Ariola, 1899

Hymenolepis papillata Fuhrmann, 1906
Sobolevicanthus bisaccata (Fuhrmann, 1906)

Familia Paruterinidae Fuhrmann, 1907
Biuterina longiceps (Rudolphi, 1819) Fuhrmann, 1908
Familia Davaineidae Braun, 1900

Raillietina echinobothrida (Megnin, 1881)
Raillietina tetragona (Molin, 1858)

Intestino

Intestino

Japéo, China

Tanzania

Gower, 1939

Gower, 1939

Gower, 1939

Mubhairwa et al., 2007

Fonte: Carvalho (2023).
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Tabela 2 - Helmintos parasitos de C. moschata domestica de acordo com os registros feitos por diferentes pesquisadores no Brasil.

Helmintos

Sitio de infeccao

Localidade

Referéncias

Filo Nematoda

Superfamilia Habronematoidea Ivaschkin, 1961

Familia Tetrameridae Travassos, 1914

Tetrameres fissipina (Diesing, 1860) Travassos, 1914

Tetrameres sp. Creplin, 1846

Superfamilia Heterakoidea Railliet e Henry, 1914

Familia Heterakidae Railliet e Henry, 1914

Heterakis sp. Dujardin, 1844
H. gallinarum (Schrank, 1788)

Superfamilia Subuluroidea Travassos, 1930

Familia Subuluroidae Yorke e Maplestone, 1926

Subulura sp. Molin, 1860

Familia Anisakidae Railliet & Henry, 1912

Anisakis sp. Dujardin, 1845

Superfamilia Trichinelloidea Railliet, 1916
Familia Capillariidae Neveu-Lemaire, 1936

Eucoleus cairinae (Freitas e Almeida, 1935)

Eucoleus contortus Creplin, 1839 (Gagarin, 1951)

Capillaria phasianina (Kotlan,1914)

Proventriculo

Proventriculo

Cecos

Cecos

Intestino, cecos

Esbdfago

Esofago

Esofago
Es6fago e cecos

Minas Gerais, Rio de janeiro

Para, Goiéas

Goias
Distrito Federal, Minas Gerais,
Goiéas

Mato Grosso do Sul, Goiés

Para

Parand, Rio de Janeiro

Para
Rio de Janeiro

Vicente et al., 1995; Mattos Junior et al., 2008
Vicente et al., 1995; Machado et al., 2006

Machado et al., 2006
Vicente et al., 1995; Machado et al., 2006

Vicente et al., 1995; Machado et al., 2006

Carvalho et al., 2021

Vicente et al., 1995; Mattos Junior et al., 2008

Carvalho et al., 2019
Mattos Junior et al., 2008
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Capillaria sp. (Pinto e Almeida, 1935)
Capillaria cairina Carvalho, Santana, Sindeaux Neto,

Silva e Giese 2023

Superfamilia Habronematoidea Railliet e Henry, 1915
Familia Habronematidae Chitwood e Wehr, 1932

Hadjelia neglecta (Lent e Freitas, 1939; Chabaud, 1975)

Familia Syngamidae Leiper, 1912
Syngamus trachea (Montagu, 1811)

Filo Platyhelminthes, Classe Trematoda
Familia Echinostomatidae Looss, 1899

Echinostoma revolutum (Froelich, 1902)

E. mendax Dietz, 1909

Familia Cyclocoelidae Stossich, 1902

Typhlocoelum cucumerinum (Rudolphi, 1809)

Ophthalmophagus magalhaesi Travassos, 1921
Familia Eucotylidae Cohn, 1904

Eucotyle freitasi Costa & Freitas, 1972

Familia Prosthogonimidae (Lhe, 1899) Lahille, 1922

Prosthogonimus sp. (Luhe, 1899) Markov, 1903
Prosthogonimus ovatus (Rudolphi, 1803) Luhe, 1899

Esbfago, cecos, vesicula biliar

Eso6fago

Proventriculo, moela e cecos

traqueia

Bolsa cloacal, intestino

Intestino

Fossas nasais e traqueia

Fossas nasais e traqueia

Bolsa de Fabricius e oviduto

Brasil, Rio de Janeiro

Para

Goias, Rio de Janeiro

Marajo, Para

Goias, Rio de Janeiro

Goias

Rio de Janeiro, Goias

Rio de Janeiro, Goiés

Rio de Janeiro

Goiéas
Rio de Janeiro

Vicente et al., 1995; Mattos Junior et al., 2008

Carvalho et al., 2023a

Vicente et al., 1995; Machado et al., 2006; Mattos Junior
et al., 2008

Carvalho et al., 2021

Lima, 1980; Machado et al., 2006; Mattos Junior et al.,
2008

Machado et al., 2006

Travassos, 1921; Lima, 1980; Machado et al., 2006

Travassos, 1921; Lima, 1980; Machado et al., 2006

Lima, 1980

Machado et al., 2006
Lima, 1980
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Familia Zygocotylidae Ward, 1917

Zygocotyle lunata (Diesing, 1836) Stunkard, 1917 Cecos

Filo Platyhelminthes, Classe Cestoda
Superfamilia Cyclophyllidea
Familia Hymenolepididae Ariola, 1899

Fimbriaria fasciolaris (Pallas,1781;

Frolich, 1802) Jejuno
Familia Dilepididae Railliet e Henry, 1909
Lateriporus sp. Fuhrmann, 1907 Jejuno

Rio de Janeiro, Goias

Rio de Janeiro

Rio de Janeiro

Lima, 1980; Machado et al., 2006

Mattos Junior et al., 2008

Mattos Junior et al., 2008

Fonte: Carvalho (2023).
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1.6.  Espécies parasitos de Phalacrocorax brasilianus

No Brasil a pesquisa de Monteiro et al. (2011) sobre helmintos parasitos de P.
brasilianus, observaram que todas as aves examinadas estavam infectadas, e os numero de
espécies de helmintos por hospedeiro variou de 2 a 14. O nUmero crescente de aves
Phalacrocoracidae em associacdo com muitas espécies de organismos aquaticos (peixes,
caracois do género Lymnaea etc.) dentro do territorio da Russia sdo uma possivel razdo para a
epizootia causada por espécies de parasitos invasores, gerando a possibilidade de disseminacao
desses parasitos para outros hospedeiros (YAKOVLEVA et al. 2020). Além disso, também é
possivel que algumas dessas espécies de parasitos tenham sido introduzidas no pais por meio
da migracédo das aves parasitadas que chegam sazonalmente para passar o verao no Hemisfério
Sul (MARTINEZ-SALAZAR et al., 2016).

No Chile Torres et al. (2005) observaram que os filhotes de P. brasilianus da natureza
sdo afetados por pelo menos quatro espécies de nematddeos no trato digestivo e provavelmente
adquiriram a infeccdo através dos alimentos regurgitados pelos pais, portanto adultos e filhotes
devem abrigar essencialmente a mesma comunidade de nematodeos. No México Violante-
Gonzélez et al. (2011) analisaram a estrutura da comunidade parasitaria dessa ave da regido
neotropical de duas lagoas (Coyuca e Tres Palos) do estado de Guerrero, México, registrando,
quatorze espécies de helmintos adultos (6.391 identificados) de 48 biguas: 9 digeneos, 1
acantocefalo, 1 cestoda e 3 nematodeos.

Na India Echinostoma valentini foi registrado por Sanjota e Ghazi, (2011) em
Phalacrocorax fuscicollis, e na pesquisa de Bushra et al. (2019) elaboraram uma lista de
verificacéo de parasitas helmintos de aves no Paquistao, onde registraram em Phalacrocoracidae
trematodeos e nematddeos. Sendo a maioria desses helmintos parasitas do trato digestivo, mas
alguns registrados em outros 6rgaos, como traqueia, olho ou cérebro.

Para melhor entendimento da helmintofauna Violante-Gonzélez et al. (2015) sugerem
realizar um maior nimero de estudos dessas mesmas espécies de aves ictifagicas, assim como
das outras espécies migratorias ou residentes, que habitam temporaria ou permanentemente a
area a ser estudada, para tentar conhecer uma parte importante do ciclo de vida de muitas
espécies de parasitas alogénicos. Na tabela 3 abaixo estdo listadas as espécies de helmintos

parasitos de Phalacrocoracidae ja descritos.



Tabela 3 - Quadro de helmintos parasitos de aves da Familia Phalacrocoracidae no Brasil e no exterior.

Helmintos Sitio de infeccdo

Filo Nematoda
Familia Dioctophymatidae Castellani & Chalmers, 1910

Eustrongylides sp. (larva) Esb6fago

Familia Desmidocercidae Cram, 1927

Desmidocercella incognita Ssolonitzin, 1932 Sacos aéreos e pulmdes

Superfamilia Ascaridoidea Baird, 1853
Familia Anisakidae Railliet & Henry, 1912

Anisakis Dujardin, 1845 Estdbmago
Contracaecum rudolphii Hartwich, 1964 Proventrchqu, Esofago,
estbmago
Contracaecum jorgei n. sp. Intestino e proventriculo
Contracaecum multipapillatum Drasche, 1882 Estdbmago, intestino
Familia Syngamidae Leiper, 1912
Syngamus sp. Traqueia
Syngamus trachea (Montagu, 1811) Chapin 1925 Eso6fago
Traqueia
Cyathostoma (Cyathostoma) phenisci Baudet, 1937 Traqueia

Familia Acuariidae Railliet, Henry & Sisoff, 1912

Localidade

Guaiba, RS

Boémia do Sul, Republica
Tcheca
Morévia do Sul,
Republica Tcheca

Chile
Guaiba, RS; Berlim,
Alemanha; Chile
Argentina

México

Guaiba, RS
Meéxico
Chile
Chile

Referéncias

Monteiro, 2006; Monteiro et al., 2011

Moravec & Scholz, 2016

Gonzalez-Acufia et al. 2020

Amato et al., 2006; Monteiro et al., 2011 Moravec & Scholz,
2016; Gonzalez-Acufa D et al. 2020

Sardella et al. 2020
Violante-Gonzalez et al., 2011

Monteiro, 2006; Monteiro et al., 2011
Violante-Gonzélez et al., 2011
Oyarzln-Ruiz & Mufioz-Alvarado, 2015
Gonzélez-Acufia et al. 2020
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Syncuaria squamata (Linstow, 1883)

Wong, Anderson & Bartlett, 1986 Ventriculo Guaiba, RS Monteiro et al., 2006

Superfamilia Trichinelloidea Railliet, 1916

Familia Capillariidae Neveu-Lemaire, 1936

Eucoleus contortus (Creplin, 1839) Gagarin, 1951 Esofago Guaiba, RS Monteiro, 2006; Monteiro et al., 2011
Baruscapillaria appendiculata (Freitas, 1933) Intestino grosso e cloaca Guaiba, RS; Para Monteiro, 2006; Monteiro et al., 2011; Carvalho et al., 2023b

Moravec, 1982

Baruscapillaria carbonis (Dubinin & Dubinina, 1940) Intestino delgado,

Republica Tcheca; Chile Frantova, 2001; Gonzalez-Acufia et al. 2020

estdbmago

Capillaria carbonis (Rudolphi, 1819) Intestino delgado Mo,rav.la do Sul, Moravec, Scholz & Nasincova, 1994

Republica Tcheca
Capillaria sp. Intestino Meéxico Violante-Gonzalez et al., 2011
Baruscapillaria rudolphii Moravec, Scholz et Intestino delgado Morévia do Sul, Moravec, Scholz & Nasincova, 1994; Moravec & Scholz, 2016
Nasincova, 1994 Republica Tcheca
Baruscapillaria spiculata (Freitas, 1933) Moravec, Cloaca Argentina Garbin et al., 2021
1982
Baruscapillaria kamanae Presswell & Bennett, 2022 Intestino Nova Zelandia Presswell & Bennett, 2022
Superfamilia Habronematoidea Railliet & Henry, 1915
Familia Habronematidae Chitwood e Wehr, 1932
Tetrameres gynaecophila Molin, 1859 Proventriculo, intestino Guaiba, RS Monteiro, 2006; Monteiro et al., 2011
Superfamilia Acuarioidea Railliet, Henry & Sisoff, 1912
Familia Acuariidae Railliet, Henry & Sisoff, 1912

Guaiba, RS
. . Boémia do Sul, Republica

Syncuaria squamata (Linstow, 1883) Wong, Anderson Proventriculo, estbmago Tcheca Monteiro, 2006; Monteiro et al., 2011; Moravec & Scholz, 2016

& Bartlett, 1986 Moravia do Sul,

Republica Tcheca
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Superfamilia Dracunculoidea
Famila Dracunculidae Stiles, 1907

Avioserpens Wehr & Chitwood, 1934 Estdmago Chile Gonzalez-Acufia et al., 2020

Filo Platyhelminthes, Classe Trematoda
Familia Clinostomidae Liihe, 1901

Clinostomum sp. Eso6fago Guaiba, RS Monteiro., 2006; Monteiro et al., 2011
. . Estdmago México Violante-Gonzélez et al., 2011; Abro et al., 2016a;
Clinostomum complanatum Rudolphi, 1814 Cavidade oral Japio lwaki et al.. 2018
%llrg)stomum awadhi Abro, Dharejo, Khan & Birmani, Esofago e moela Paquistio Abro et al., 2016a
Clinostomum poteae Rosser, Baumgartner, Alberson, . .
Noto, Woodyard, King, Wise & Griffin, 2018 Traqueia Estados Unidos Rosser et al., 2018
1D9|g:305tomum (Austrodiplostomum) compactum Lutz, Cloaca, intestino México Violante-Gonzélez et al., 2011
Euclinostomum heterostomum (Rudolphi, 1809) Eso6fago Paquistio Abro et al., 2016¢

Superfamilia Diplostomoidea Poirier, 1886
Familia Diplostomidae Poirier, 1886

Guaiba, RS; Boémia do
Duodeno, jejuno-ileo e Sul e Moravia do Sul, Monteiro, 2006; Monteiro et al., 2011; Moravec & Scholz, 2016;

Hysteromorpha triloba (Rudolphi, 1819) Lutz, 1931 Intestino Republica Tcheca; Chile Gonzélez-Acufia et al. 2020

Jejuno-ileo, cecos,

Austrodiplostomum mordax Szidat & Nani, 1951 . d Guaiba, RS Monteiro, 2006; Monteiro et al., 2011
intestino grosso e cloaca.

Austrodiplostomum compactum (Lutz, 1928) Dubois, Jejuno-ileo, intestino Guaiba, RS Monteiro, 2006: Monteiro et al., 2011

1970 grosso e cloaca.

Superfamilia Echinostomatoidea Looss, 1899
Familia Echinostomatidae (Looss, 1902) Poche, 1926
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Drepanocephalus spathans Dietz, 1909
Drepanocephalus olivaceus Nasir & Marval, 1968

Paryphostomum segregatum Dietz, 1909

Paryphostomum sanghari Abro, Dharejo, Khan, Birmani
& Naz, 2016

Petasiger radiatus (Dujardin, 1845) Tkach, Kudlai &
Kostadinova, 2015

Petasiger exaeretus Dietz, 1909

Petasiger phalacrocoracis (Yamaguti, 1939)

Ignavia olivacei Ostrowski de Nufiez, 1967

Echinochasmus leopoldinae Scholz, Ditrich &
Vargas-Vazquez, 1996

Familia Psilostomidae Looss, 1900

Ribeiroia ondatrae (Price, 1931) Price, 1942

Familia Prosthogonimidae (Lihe, 1909) Lahille, 1922

Prosthogonimus ovatus (Rudolphi, 1803) Luhe, 1899

Familia Heterophyidae Leiper, 1909

Jejuno-ileo e intestino
grosso

Jejuno-ileo, intestino

Duodeno, jejuno-ileo e
intestino grosso

Intestino

Intestino delgado

Intestino delgado

Ureteres

Intestino

Proventriculo, intestino,
estdbmago

Cloaca

Guaiba, RS
Guaiba, RS; México

Guaiba, RS

Boémia do Sul e Moravia
do Sul, Republica Tcheca

Paquistdo; Boémia do
Sul, Republica Tcheca
Moravia do Sul,
Republica Tcheca
Boémia do Sul, Republica
Tcheca
Moréavia do Sul,
Republica Tcheca

Guaiba, RS

México

Guaiba, RS; México

Guaiba, RS

Monteiro, 2006; Monteiro et al., 2011

Monteiro, 2006; Monteiro et al., 2011; Violante-Gonzalez et al.,
2011

Monteiro, 2006; Monteiro et al., 2011

Abro et al., 2016b

Moravec & Scholz, 2016

Abro et al.,2016b; Moravec & Scholz, 2016

Moravec & Scholz, 2016

Monteiro, 2006; Monteiro et al., 2011

Violante-Gonzalez et al., 2011

Monteiro, 2006; Monteiro et al., 2011; Violante-Gonzalez et al.,
2011

Monteiro, 2006; Monteiro et al., 2007; Monteiro et al., 2011
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Cercarioides aharonii Witenberg, 1929

Apophallus muehlingi (Jagerskidld, 1899)

Ascocotyle (Phagicola) longa Ransom, 1920

Ascocotyle felippei Travassos, 1929

Galactosomum lacteum (Jagerskicld, 1896)

Heterophyes aequalis Looss, 1902

Euhaplorchis californiensis Martin 1950

Familia Opisthorchiidae (Looss, 1899) Braun, 1901

Metorchis xanthosomus (Creplin, 1846)

Familia Cyathocotylidae Muhling, (1898)

Holostephanus dubinini VVojtek et Votkova, 1968
Familia Microphallidae Ward, (1901)

Odhneria raminellae Travassos, 1921

Filo Platyhelminthes, Classe Cestoda
Familia Dilepididae Railliet & Henry, 1909

cloaca

Intestino delgado

Intestino delgado

Intestino

Intestino delgado

Intestino delgado

Estdmago

Vesicula biliar

Intestino

Estdmago

Moréavia do Sul,
Republica Tcheca
Moréavia do Sul,
Republica Tcheca
México
Moravia do Sul,
Republica Tcheca
Chile
Moréavia do Sul,
Republica Tcheca
Moréavia do Sul,
Republica Tcheca

México

Boémia do Sul, Republica

Tcheca
Moravia do Sul,
Republica Tcheca

Moravia do Sul,
Republica Tcheca

México

Moravec & Scholz, 2016
Moravec & Scholz, 2016

Violante-Gonzalez et al., 2011;
Moravec & Scholz, 2016

Gonzalez-Acuia et al. 2020

Moravec & Scholz, 2016

Moravec & Scholz, 2016

Violante-Gonzalez et al., 2011

Moravec & Scholz, 2016

Moravec & Scholz, 2016

Violante-Gonzalez et al., 2011
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Paradilepis caballeroi Rysavy & Macko, 1971 Duodeno, jejuno-fleo,

intestino
Filo Acanthocephala Rudolphi, 1808
Classe Palaeacanthocephala Meyer, 1931
Familia Polymorphidae Meyer, 1931
Andracantha tandemtesticulata Monteiro, Amato & Intestino
Amato, 2006
Andracantha phalacrocoracis (Yamaguti, 1939) Intestino

Southwellina hispida (Van Cleave, 1925) Witenberg,
1932

Corynosoma arctocephali Zdzitowiecki, 1984
Profilicollis altmani (Perry, 1942)

Intestino delgado

Intestino
Intestino

Familia Diphyllobothriidae Liihe, 1910
Ligula intestinalis (Linnaeus, 1758) Intestino delgado

Familia Gryporhynchidae Spassky & Spasskaya, 1973

Paradilepis scolecina (Rudolphi, 1819) -

Guaiba, RS; México;
Chile

Guaiba, RS

Boémia do Sul;
Moravia do Sul; Chile

México; Moravia do Sul

Chile
Chile

Boémia do Sul, Republica
Tcheca
Moravia do Sul,
Republica Tcheca

Boémia do Sul, Republica
Tcheca
Moravia do Sul,
Republica Tcheca

Monteiro, 2006; Monteiro et al., 2011; Violante-Gonzalez et al.,
2011; Gonzélez-Acuia et al. 2020

Monteiro et al., 2006; Monteiro et al., 2011
Moravec & Scholz, 2016; Gonzalez-Acufia et al. 2020

Violante-Gonzalez et al., 2011; Moravec & Scholz, 2016

Gonzalez-Acufia et al. 2020
Gonzalez-Acuia et al. 2020

Moravec & Scholz, 2016

Moravec & Scholz, 2016

Fonte: Carvalho (2023).
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1.7.0Dbjetivos

1.7.1. Objetivo geral

Caracterizar a sistematica e relacdo parasito - hospedeiro de Cairina moschata

domestica e Phalacrocorax brasilianus da Ilha de Marajo, Para.

1.7.2. Objetivo especifico

a) Investigar e comparar a ocorréncia de helmintos nessas aves, em especial os que
apresentam potencial zoonotico;

b) Estabelecer os indicadores ecolégicos dos helmintos na area do estudo;

c) Realizar estudos moleculares e analises filogenéticas para redescricdo de espécies ou
para espécies novas de parasito;

d) Realizar analise por meio da histopatologia da relagdo parasita-hospedeiro;

e) Contribuir com dados sobre a biodiversidade parasitaria de aves no norte do Brasil.

1.8.Artigos

Com os dados obtidos nesta pesquisa, foi possivel a publicacdo de alguns artigos
(Quadro 1), e durante o periodo de doutorado auxiliar na elaboracdo de outros manuscritos
(Quadro 2).

Quadro 1- Status de producdo cientifica dos dados obtidos de Cairina moschata domestica e Phalacrocorax
brasilianus no municipio de Soure, Ilha de Maraj6, Estado do Parg, Brasil.

. . . Fator de
Titulo Status Revista Qualis Impacto
Arquivo
Lesions Caused by Anisakids and Brasileiro de
Capillariids in Cairina moschata raised on Publicado Medicina B1 0,40
Marajo Island, State of Para, Brazil Veterinaria e
Zootecnia
Diversity of endohelminths parasitizing bred
ot Journal of
Muscovy  Ducks Cairina  moschata . .
- . ) . Publicado Parasitic B3 1,2
domestica (Anseriformes: Anatidae) from Diseases
the Eastern Brazilian Amazon
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A new nematode of the family Capillariidae Br;?;g?::de

identified in Cairina moschata (Linnaeus) on Publicado Parasitologia A2 1.3
Marajo Island in the Brazilian Amazon 0109

Veterinaria

Baruscapillaria appendiculata (Nematoda: Revista

Capillariidae) Parasite of Phalacrocorax . Brasileira de

brasilianus (Suliformes: Phalacrocoracidae) Publicado Parasitologia A2 13
In Maraj6 Island, Parda, Brazilian Amazon Veterinaria

Community of helminths parasitizing Em P;/rztseizﬂgry-

cormorants (Suliformes: Phalacrocoracidae) elaboracsio Regional Stggili.es A3 14
from the Brazilian Eastern Amazon, Paré ¢ g

and Reports
Singamidae of the birds in the Brazilian Em Parasitology A2 20
Amazon elaboragdo Research '
Quadro 2- Status de producdo cientifica ao longo do curso de doutorado no periodo de 2020 a 2023.
Titulo Status Revista Qualis FEWEEE
Impacto

Morphological and molecular

characterization of Contracaecum australe Revista

(Nematoda: Anisakidae) parasitizing . Brasileira de

Phalacrocorax brasilianus (Aves: Publicado Parasitologia A2 1.3
Phalacrocoracidae) on the north coast of Veterinaria

Brazil

Redescription of Brevimulticaecum baylisi Veterinar

(Travassos, 1933) Sprent (1979) (Nematoda: Parasitolo y.

Heterocheilidae), a parasite of Caiman Publicado Regional Stgzj/i.es A3 1.4
crocodilus (Crocodylia: Alligatoridae) in the agnd REDOItS

north-eastern Peruvian Amazon P

Ozolaimus megatyphlon and Ozolaimus Revista

cirratus parasitizing the Iguana iguana Brasileira de

(Linnaeus, 1758) from Marajo Island, Para, Publicado Parasitologia A2 1.3
Brasil: new occurrence and morphological Veterinérgi]a

redescription

A molecular survey of three tick-borne Archives of

pathogens in dogs from —Algodoal Publicado Veterinar B2 0,15
village/Maiandeua island on the northeast Sciencey ’

coast of Para, Brazil
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ABSTRACT

The Muscovy duck 15 a commercially mmportant bird on the island of Marajo usually raised m a peculiar
systemn that includes supplying fish viscera to the birds mnder senm-extensive fanming conditions. This
enables a nsk of contamination and losses 1n the production of these birds. resulting from mjuries caused
by helmunth infections, especially nematodes. The objective of this study was to evaluate the
histopathological changes caused by nematodes of the genera: Eucolews, Anisakis and Contracaecum,
Thirty-three ducks with lesions in the esophagus and ventricle were analyzed. Histopathological exams
showed a muild mflamumatory mfiltrate in the submucosa of the esophagus caused by the fixation of E.
contorius and third stage larvae of Anisakis sp., and we recorded third stage larvae of Contracoecum sp.
pamassitizing the ventricle, this being the first record of this parasite in ducks in Brazil.

Keywords: histopathology, esophisgus, birds, parasittsm, helminths
RESUMO
O pato doméstico é uma me anplamente comerclaltzada na lha de Marafo, com wm pecidiar manefo gie

(nelut a oferta de visceras de peixes aos anumats em criagdes semiextensivas, propiciando, assim, risco de
contamnagio e perdas na produgio dessas aves decorrentes de lesoes ormundas de infecgdes por Ielmintor,

especialmente os ideas. Nesse do, objerrvou-se avaliar as alteragdes histopatolégicas cawsadas por
nematideas dos géneras; Eucoleus, Amsaks ¢ C u, Foram analisedos 33 patos, e trés exemplares
apresentaram lesées no esofage & ne venmriculo. Exames | logicos d aram dizcreto mfiltrado

mflamardrio na submucesa do esdfago ocasionado pela fivagde de E. contortus ¢ larvas de tercenro estagio de
Anisakis ., bem como foram regutradas lamas de terceiro estigio de Countracaecum sp. parasitando &
ventriculo, sendo esse o primetro yegisno desse parasio em palos no Brasil.

Palavras-chave: kistopatologia, eséfago, aves, parasttismo, helmintas

INTRODUCTION

Camina moschata ducks (Linnacus, 1758) are
bred for the production of eggs and meat for both
sell-conswmption and for sale (Meuken and

Recoludo om 9 de feverenro de 2021

Acetto em 22 de abril de 2021

* Antor spondiscs (comegpondmg mithar )
E-wvadl: entradl grml com

Dikken, 2003), Muscovy ducks arc birds that
have filtering babits and are not selective m
terms  of dood, especially when raised
extensively. where they absorb enough proteins
in the environnwent, feeding on grass, small fish,
crustaceans and insects (Sick, 1997; Meulen and
Dikken, 2003). Livelihood creations are common
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in Brazil. and occwr mainly among small
producers, commercial houses and open markets,
where the hygienic sanitary conditions of this
type of creation are not clarfied (Souza Almeida
ef al, 2016). In northern Brazl they are
appreciated in the cwisine of Pard and have high
commercial value mainly during festive seasons.

Breeding birds under extensive or freerange
systems i the enviromment facilitates the
occurrence of endoparasites. That 1s a pomt of
concern in the different systems of duck farming
as it leads to economic losses, and preventive
measures are considered the most effective
strategy  (Remnd o al, 2008). The rate of
helminth infection is worrisome, especially since
ducks may show wmmspecific chmical signs of
those infections (Cubas. 2007 Rosa and
Shivaprasad.  2015).  In  addition. rthese
helminthiasis are the main discases that affect
birds reared in an extensive regime, cansing an
increase in the mortality rate, as well as
providing the dissemination of a wide vanety of
parasite species in the environment (Menezes.
1999; Gowes ef al, 2009). Among the main
changes in the host organism caused by the
parasites are spoliation and the inflammatory
process resulting from the process of migration,
fixation or type of food performed by the
parasite, which can vary with the degree of
intensity of mfecton (Menczes et al, 2001;
Neves, 2016).

Menezes er al. (2001) described macro and
microscopic changes found in several organs,
among them Numida meleagris Linnseus, 1758
esophagus and crop parasitized by Eucoleus
perforans, of the macroscopic changes the
authors observed that the parasites caused
petechize and congestion, and microscopy
showed the parasites inserted deep in the
stratified suamous epithelum of the crop, with
intense mflammatory reaction and distension of
the mucous glands present in the crop's own
tumic. These changes by the pamsite were
cousidered sertous, even with low average
intensity of infection. Data on helminths in ducks
are scarce and kittle known, partxcularfy about the
spoliative action of the presence of parasites and
their relationship with host tissue (Mattos Junior
ef al.. 2008). The investigation of the biota of
belminths of Muscovy ducks on the Island of
Marajd, can help in the sanitary control and in
the productivity of these animals, This study thus
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aimed to descnibe the histopathological aspects
of mfection and lesions in the ubular digestive
system of Cairina moschata, caused by Eucoleus
confortus  (Capillanidae),  Anisakis  sp.
(Amisakidae) nnd Contracoecum .
(Anisakidae), in order to contbute to the
medical clinic and sanitary management of tius
species, of this bird, rased free on the 1sland of
Marajo.

MATERIAL AND METHODS

Thirty-three specimens of C. moschata were
purchased from tural properties m  the
muaicipality of Soure (D07 43' 00" §; 48” 31' 24"
W), Marajé Island, State of Pard, under protocols
of the Etlucs Commuttee on the use of animals
(CEUA) No. 0302018 and the Federal Rural
University of the Amazon (UFRA) No.
23084.014807 / 2018-80. They were necropsied
in the laboratory to search for helmunths, where
each organ was carefully analyzed with the aid of
the Leica ES2 stercomicroscope, and three
specimens presented nematodes fixed to the
esophagus and ventricles, from which fragmenrs
were removed and fixed in 10% formalin, and
processed according to routine histological
techniques (Tolosa o al, 2003).
Photomicrographs of the slides were captured
and analyzed using a Leica DM2500 microscope
with an attached digital camera.

The nemmatodes collected were fixed m A F A (93
parts of 70% ethyl alcohol, S parts of
formaldehyde and 2 parts of glacial acetic acid),
overnight, transferred to a solution containng
70% ethanol, For taxonomic identification, the
nematodes specimens were clarified with 2096
Aman lactophienol and temporanly monnted
between slides and coverslips for observation of
morphological chamacters under a  LEICA
DM2500 hght microscope with an umaging
caprure systemn. For the raxonomic classification
of nematodes, the works of Vicente er a/. (1995),
Moravec (1998), De Ley and Blaxter (2002),
Felzardo er al, (2009), Gibbons (2010) and
Fonseca et al. (2016) were consulted. To
determme the ecological mdexes of parasitism,
these belminths will be analyzed by nwans of
prevalence (%), average intensity of infection
(IMI) and average abundance, according to Bush
etal (1997),

Arq. Bras. Med. Vet. Zootec., V.73, 1.4, p.88S.892, 2021
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RESULTS

The nematodes recovered were found inserted in
the esophagus and venmcle of muscovy duck m
Marajo Island and morphologically wentified as
third stage larvae Anfsakls (Anisakidae) (Figure
1A), and adults from Eucolews contorfus

(Capillamdac) were also found parasinzing the
esophagus with a prevalence of 9.1% and 75.8%
respectively. Third stage larvae of Contracaecion
(Anisakidac) were found mserted in the ventricle
m 121% of the ducks. The paraswtological
indices of these nematodes in Caina moschata
are shown in Table 1.

Table 1. Pmtolomcal indices of Capillariidae and Amsakidae in Cairing moschara (n = 33) from the

P (%)
MI 112 95.7 30
Esophages MA 85 87 0.1
TNP 281 287 3
P (%) o1 91 0
) MI 10.7 03 0
Gizzand MA 1 0.03 0
TNP 32 1 0
P (%) 121 0 6.1
. MI 173 0 s
Proveatriculus MA 21 0 02
TNP 69 0 7
P (%0) 0 0 121
i M 0 0 2
Ventrculus MA 0 0 03
TNP 0 0 9
P (%) 0 30 30
) Ml 0 10 20
fntestine MA 0 0.03 0.1
NP 0 1 2

SI: infection sste, P: Prevalence, MI: Mean mrensity, MA: Mean abundance, TNP: Total sunber of parasites.

Histopathological  amalysis  of nfection by
Anisakis sp. in the esophagus of Cairing
moschata, showed that the lesion 1s
predominantly in the mxosa, and able to
transpose the muscle of the mucosa and affect
the internal muscular layer. The stratified
squamous epithelium was found to be mtact
However, m the pasasite-host relstionship,
alterations are present in the mucous glands due
to the location of the nematodes, which promotes
ghndular destruction and tissue reaction with
accumulations of cellular debris at the tissue-
parasite mterface. bordered by a foreign body-

type gramilomatous reaction due to the presence
of giant cells (Figure 1B). The lamina propria
with pommmx and vanable mfitration of
cosmophuls in addition to lymphocytes and
stainmg by Gomori Trichrome did not show
fibroplasia associated with inflammation. The
comective hissue adjacent to the compromised
gland was looser, probably due to ussue edema.

Arq. Bras. Med. Vet Zootec., V.73, n4, p.88S-892, 2021

In the cross section of the parasite Anisakis, it
was possible to observe the epidermal cord in a
“Y" shape (Figure 1C).

Histologically, the infection of the ventricle
(gizzard) by Conmracaecum sp. demonstrates that
the nematode 15 fixed in the mucosa, below the
glycoprotein secresion layer, where no tissue
reaction due to the presence of the parasite was
observed (Figure 1D). In the macroscopic image,
we can observe the fixation of the parasite in the
ventricle (Figwe 1E). Esophageal infection by
Eucoleus contarnis showed pseudo-
cucapsulation of the parasite in the mucosal
pavement epithelium, with muld compressive
atrophy of keratmocytes. There was also mld
exocytosts due to the presence of cosinophils
among the keratinocytes and in the submucosa
the inflammmatory infiltrate of cosinophils is mild
and vamable (Figure 1F).
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Figure 1, (A) Mesoscopic view of dnmakis sp. (armowhead) inserted m the esophagus of a Muscovy duck on Marajo
Island, State of Para; (B) Photomacrographs of the esophagus parasitized by Awisahis sp. larvae (amows) staimed with
Gomon Trichrome: a = stratified squamous epithelial tissue, of the esophageal lining, b = subepithelal comective
tissue, ¢ = smooth muscle tissue and ef = esophageal gland; (C) Detail of the cross section of an Avoaky sp. larva,
showing lateral epidermmal cord (mrow) and miestme (*). Gomeori Trick ; (D) Photomicrographs of the ventricle
pamasitized by Comvacaecum sp. in Muscovy duck on Marajé [sland stained with Gomori Trichrome: a = mucous
laver of the ventricle, tubular glands of the ventricle (mrowhead) and b = musculsr layer of the ventricle, showing the
well-developed smooth muscle layer. (E) Mesoscopic view of a Connracaecum sp. (arrowhead) inserted in the
Muscovy dixk ventricle; (F) Photonucrograplss of the esophagus parasitized by a female Eucoleus comfortus in &
Muscovy duck on Maragd Island stained with bematoxylin and eosin: a = stratified squamous epithelial tissue of the
limng of the esophagus nmcosa, b = loose connective tissue of the submmcosa with abundant ecsmoplils
(arowhead), detall of the psendo-capsule (pc) sumounding the parasite, formeng an interstitial space (3) coutninmg
eggs (eg), and the pematode with the presence of a thick cuticle (ct) and the presence of bacillory bands (ba),
compressive atroply of kerntmocytes (*) of the stratified squamons epithelsal tissue of the esophagus. Scale bars: A =
2 an, B=200 pm, C =100 ym, D=1 mm, E= 2 am; F: 30 pm

DISCUSSION

In Brazl. Mattos Jumor ef al. (2008), detected in
Cafrina moschata of Rio de Janeiro a parasitic
biota of capillariids nematodes composed of 2076
of Capillaria phasiamina Kotlin, 1914 m
esophagus and caecuny, 30% of Copillaria sp.
Pinto and Almeida. 1935 in esophagus. cecum
and gallbladder, and 6.6% of Evcolens cairinoe
(Freitas and Almeida, 1935) Lopez and Neyra,
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1947 in esophagus, and histopathological studies
of organs injured by parasitisin have not yet been
published. In our study, the major sites of
infection  were esophagus  with  Eucoleus
contortus and Anisakis sp. and the ventricle with
Contracaecum sp., these sites showed lesions by
the parasites, and after  histopathological
processing it was possible to observe the changes
caused by capillary and ansakid pematodes m
the tissites,

Arg. Bras. Med. Vet. Zootec., V.73, 4, p.885.892, 2021
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Histopathological changes caused by the
presence of Eucolews contorfus, Anisakis sp.,
Contracaecum sp., are recorded herein for the
first tme m owr rescarch parasitizing the
esophagus and ventricle of Muscovy duck in
Brazil. These birds raised without confinement,
look for food in areas of nvers or lakes, with no
selectivaty i feedng (Meulen and Dikken,
2003), which may justify the presence of these
anisakid and capillary nematodes in birds
(Carvalho e al.. 2019, 2020), Different studies
have been carried out in order to charactenize the
parasitic fauna of ducks around the world
Among them Bano et al. (2005) recorded the
presence of Streplocara incognita Gibson, 1968
in the esophagus of ducks in Italy. In the same
host, Muohawrwa ef al. (2007) recorded E
contortus, E  amnlatus (Molin, 1858) and
Capillaria anaris (Schrank, 1790) parasitizing
the intestnal caccum. Likewise, Yousuf er al.
(2009), when assessing the fauna present in the
gastrointestinal wact of ducks, registered the
presence of Amidostomum anseris and E
contorius.

The presence of E. contorrus and third stage
larvae of Anisakis sp. mserted in the csophageal
tissues  of  Muscovy  ducks  induced an
inflamunatory reaction in the tissue of this organ,
as well as the migration of defense cells to this
region, especially to the site of larval fixation,
caused mtense mflammatory mfiltrate resulting
from foreign body reaction and edema. Railliet
and Lucet (1889) described the pathogenic
effects by means of hispathological analysis in
the gall bladder and esophagus of Galliformes
and Ansenformes parasitized by E. contortus,
thus demonstratng & major milammatory
process. According to Cram (1936), the
Galliformes  analyzed in lds research were
infected with E comfornn eggs and after death
revealed necrosis of the esophageal epithelium,
delicate  counective  tissue  capsules  that
surrounded the areas confaining the parasites and
therr eges, tissue with lymphocytes and large
mononnclear leukocytes, with somx lesions
exterxied to the subnxcosa, Pinto et al. (2004)
observed lesions by the parasite Eucoleus
perforans in the esophagus of Phasianus
colchicus, where the parasites were deeply
inserted m the stratified squamous epithelivm,
without mflammatory reaction, there was also
thickening and papillary transformation of the
mcosa.

Arq. Bras. Med. Vet. Zootec., v.T3, n.4, p.885.892, 2021

Several third-stage larvae of Anisakis sp. were
found strongly inserted in the esophagus of
Muscovy ducks, cansimg an intense inflammatory
mfilrate, resulting from a foreign body reaction
md edemn. According to Junqueira (2018),
parasites that affect the ¢rop and esophagus are
especially harmful, as they can severcly damage
the mucosa of the affected organ, inducing
edemna and thickening of the mucous membranes,
making cating difficult and even preventng birds
from cating food In cross section of the
esophagus of the burds in our study, it was
posstble to observe the larvae of Anisakis sp. and
their identifying structures. Murata ef al. (2018)
and Lavwers ef al (2017), who recorded the
occvence of anisakiasis in humans, was found
as a defimtion of gender, found the shape of the
lateral epidermal cord and the mtestinal humen in
"Y* to be determinants for Anisakis spp. Kim er
al. (2006) during histopathological analysis in
humans recorded a ksion in the submucosa of
the stomach that showed severe eosinophilic
wmfiltrations and mflammation.

Anisakids, m their larval and adult forms
frequently present tmportant pathological lesions
m the alimentary tract and associated organs m
their  natural  host  species  (Smuth, 1999).
According to Lymbery and Cheah (2007), the
larvae of these nematodes also promote a series
of pathological effects in accidental hosts, such
s Inmnans. This reinforces the need for attention
and care in proper management during the
removal and disposal of the viscera of ducks
infected with L3 larvae of anisakids, avoiding the
migration of these larvae to the mmsculature of
the bird in the postmortem and the possible risks
to human health due to ingestion of contamunated
meats (Carvalho ef al., 2020). In this study, the
presence of Conmacoecum sp. in the ventricle
did not produce wjunes m that organ In contrast,
Vicente ef al. (1995) and Amato ef @l (2006),
registeredd the presence of different larval stages
of Contracaecum  sp.  pamsitizing  the
proventriculus and ventnicles of birds of the
orders Falcomformes, Accipitriformes,
Pelecaniformes,  Suliformes,  Ciconiiformes,
Sphenisciformes, mducing the formation
ulcerated eosinophilic granulomas,

Among the parasites that present nsks to human
health, nematodes of the Amsakidae faumily can

be highlighted. Their intermediate hosts are fish
cephalopod molluscs, and small crustaceans
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(Adams et al. 1997), all ammals that can
compose the diet of ducks rased free in the wild.
In Brazl, investigations related to helminth-
induced diseases have been described i other
bird specwes such as Phasianus colchicus and
Meleagris gallopavo by Pinto et al. (2004, 2008),
In terns of pathogenesis. when there 1s a major
infectson 1t can be considered extremely bannful
1o birds (Pizano ef af,, 2000). The clinical signs
presented by Muscovy ducks can be noaspecific
(Rosa and Slivaprasad, 2015), meaning that
helmunthiasis can lead to an economic problem,
as well as to the health of domestic poultry
breeding systems (Cubas, 2007). Therefore,
preventive health care suwch as good hygiene,
deworming and vaccination of birds can reduce
the rate of emergence of vanous parasites and
other diseases (Meulen and Dikken, 2003).

CONCLUSION

The Muscovy dck is the new host of
Contracaecum sp. in the state of Para, being
important, as there were shll no shixdies on this
parasite i this bird And we also added the
desenption of listopathological changes. such as
intense inflammatory reactions in the esophagus
caused by Anisakis sp. and Eucoleus contortus,
and the presence of Contracaccum sp. in the
ventricle, thus contributing to the knowledge of
the pathogenicity of these parasites in Catring
moschata created and consumed by the island's
population,

ACKNOWLEDGMENTS

The authors are grateful the Programa de Pos-
Graduacgéo Sande ¢ Producio Ammal na
Amazinin (PPG-SPAA). Institwto da Satde ¢
Produgio Animal (ISPA), Universidade Federal
Rural da Amazénia (UFRA), This study was part
of the master's dissertation of Elame Lopes de
Carvalho, developed for the PPG-SPAA. This
study was financed in part by the Coordenagéo
de Aperfagoamento de  Pessoal de  Nivel
Superior (CAPES — BRASIL) - Finae Code
00!. Raul Hemnnque da Silva Pmbeiro was
supported by a research fellowship from the
“Programa de Pés-Graduagdo em  Sociedade,
Namreza ¢ Desenvolvimento  (PPGSND),
Universidade Federal do Oeste do Pamd —
UFOPA/ CAPES/ BRASIL) ~ Finance Code
001", Dra. Elane Giese was supported by a
rescarcher fellowship of Conselho Nacional de

890

Pesquisa ¢ Desenvolvimento  Tecnologico
(CNPq-Brasil) (#313763/2020-8).

REFERENCIAS

ADAMS, AM.. MURRELL, K.D.. CROSS, J H,
Parasites of fish and nisks to public health. Rev.
Sci. Tech., v.16, p.652-660, 1997

AMATO, JF.; MONTEIRO, CM.: AMATO,
SB.  Conmacaecum  rudolphil  hartwich
(nematoda, anisakidae) from the neomopical
cormorant, Phalacrocorax Brasilianus (Gmelm)
(aves, Phalacrocoracidae) in southern Brazl.
Rev. Bras. Zool., v23, p.1284-1289, 2006,

BANO, L.: NATALE. A.: VASCELLARIL M. er
al. First report of parasitic esophagatis by
Streprocara  incogrita i Muscovy ducks
(Cairina moschata domesficus) in Italy. Avian.
Dis,, v.49, p.298-300, 2005.

BUSH, A.O.; LAFFERTY, K.D.: LOTZ, J M. er
al. Parasitology meets ecology on its own ferms:
Margolis e al., revisited. J. Parasitol, v83,
Pp.575-583, 1997,

CARVALHO, EL.: SANTANA RLS:
GONCALVES, EC. e al First report of
Anisakis sp. (Nematoda: Amsakidae) parasitizmg
Muscovy duck in Marajo Island, state of Pard,
Brazil. Braz. J. Vet Parasitol., v.29, p.c020319,
2020.

CARVALHO, EL: SANTANA. RLS.
PINHEIRO. RHDS. er al. Encolens confortus
(Nematoda: Capillanisdae), a parasite of Cairing
maschaia domestica (Anseriformes: Anatidae)
on Marajo Island. Para State, 1 Brazilian
Amazon. 8raz J. Vel Parasiol., v.28, p.692-
699, 2019.

CRAM, EB. Species of Capillaria parasitic in
the wpper digestive rract of birds. Washingtou:
United States Department of Agriculture, 1936.
p.13-15.

CUBAS, Z.S. Piciformes (tucanos. aragars, pica-
paus). In: CUBAS, ZS. SILVA, JCR.
CATAO-DIAS, JL. Tratado de animais
selvagens: medicma vetermana. Sto  Paulo:
Roca, 2007, 1376p.

DE LEY, P. BLAXTER, ML. Systematic
positton and phylogeny. In LEE DL The
biology of nematodes. London: Tayvlor and
Francis, 2002, 648p.

Arq. Bras. Med. Vet. Zootec., V.73, 1.4, p.88S.892, 2021

44



Lesions caused, ..

FELIZARDO. N.N.: KNOFF, M.: PINTO. RM.;
GOMES, D.C. Larval anisakid nematodes of the
flounder Paralichthys isosceles Jordan, 1890
(Piscei:Teleoster) from  Branl  Neanrop.
Helminthol., v.3, p.57-64, 2000,

FONSECA, MCG, KNOFF, M.
FELIZARDO, NN, & al. Integrative taxonomy
of Amsakidee and  Raphidascandidac
(Nematoda) i Paralichthys patagonicus and
Xvstreuns rasile (Pisces: Teleostei) from Brazil,
Int. J. Food. Microbiol., v.235, p.113-124, 2016.

GIBBONS, LM Kevs fo the nematode parasites
of verfebrates; supplementary volume. Oxomn,
Wallingford: Cabi Publishing. 2010. 416p.

GOMES, FF., MACHADO, HHS. SILVA
LEMOS, L. er al, Principais parasitos intestinais
diagnosticados em galinhas domésticas criadas
em regime extensivo na municipelidade de
Campos dos Goytacazes, RJ. Qlénc. Amm. Bras.,
v.10, p.818-822, 2009.

JUNQUEIRA, P. Camllaria spp, gusanos
nematodos parasitos de aves (gallmas, pavos,
faisanes etc.). Parasitipedia.net, 2018, Available
in:
https://parasitipedia net/index. plpoption=com _c
onfent&view=article&id=2145 &lremmd=230,
Accessed in: 19 May 2019,

KIM, SG.; JO, Y.J;: PARK. YS, et al. Four
cases of gastric subtmicosal mass suspected as
anisakiasis, Korean J Parasitol., v.A44, p8l,
2006.

LAUWERS, GY.. MINO-KENUDSON, Mj;
KRADIN, RL. Infections of the gastrointestinal
Tract. In: KRADIN, R.L. Diagnastic pathology
of infections disease. 2.ed. Amsterdamc Elscvier
Health Sciences, 2017, p.232-271,

LYMBERY, AlJ; CHEAH, F.Y. Anisakid
nematodes and amsakiasis. It MURRELL K.D.:
FRIED, B. (Eds) Food-borme pavasitic
zoonoses. World Class  Parasites.  Boston:
Springer: 2007. v.11, p.191-193.

MATTOS JUNIOR, D.G: COSTA. DA.
MENEZES, R.C.; MESQUITA, EM.
Prevaléncia de helmintos em patos domésticos
Calrina moschata dom. (Linné) (Anserifonmes,
Anatidae, Caminini, Cairing) provenientes de
cnagdes extensivas no estado do Rio de Janetro,
Brasil. Rev. Bras. Cienc, Ver, v.15, p.140-142,
2008,

Arq. Bras. Med. Vet. Zootec., v.T3, n.4, p.885.892, 2021

MENEZES, R.C. Helmintoses de galinhas
d'angola (Numida meleagris Linnaeus, 1758)
criadas extensivamente no Estado do Rio de
Janeiro, Brasil. 1999. 106f. Dissertagdo
(Mestrado  em Patologin Veteniniraa) -
Universidade Federal Fluminense, RJ.

MENEZES, R.C.. MATTOS JUNIOR. D.G..
TORTELLY, R. Frequéncia ¢ patologia das
mfecedes causadis por nematoides ¢ cestoudes
em  galinbas-Fangola  (Numide  meleagris
Linnaens, 1758) cniadas extensivamente no
estado do Rio de Janeiwro, Brasit. Rev Bras.
Ciénc. Vet v.8, p.35-39, 2001.

MEULEN, C.J.;: DIKKEN, G. Oriagdo de patos
nas regides Iropicais. Wagenmgen: Fundagio
Agromisa, 2003, 96p,

MORAVEC, F. Nematodes of freshwater fishes
of the Neotropical Region. Praba: House of the
Academy of Sciences of the Czech Republic,
1998 464p.

MUHAIRWA, AP: MSOFFE, PL.
RAMADHANI, S. ef al. Prevalence of gastro-
mtestinal  belminths m  free-range ducks
Morogoro Municipality, Tanzania. Livest Rev.
Rural Develop., v.19, p.1-5, 2007

MURATA, Y.. ANDO, K.: USUL M. &1 al. A
case of |lhepatic amsakiasis caused by
Psendotermnova decipiens mumicking metastatic
liver cancer. BMC Infect. Dis., v.18, p.619, 2018,

NEVES, DP. Parasiologa huana,  In
Parasitologia  humama,  13.ed Sio  Paulo:
Atheneu, 2016. 587p.

PINTO, RM.; BRENER, B.; TORTELLY, R er
al. Capillanid nematodes in Brazilian turkeys,
Meleagris gallopavo (Galliformes, Phasiamdae):
pathology induced by Saruscopillaria obsignata
and  Bucolens  ammlatis  (Trichinelloidea,
Capillariidac). Mem. Inst. Oswaldo Cne, v.103,
p.295:297, 2008,

PINTO, RM.: TORTELLY, R.. MENEZES,
R.C; GOMES. D.C. Trichund nematodes m
ring-necked pheasants from backyard flocks of
the State of Rio de Janeiro, Brazil: frequency and
pathology. Mem. inst. Oswaldo Cnic, v.99,
P.721-726, 2004,

891

45



Carwilho ef al.

PIZARRO, M.; VILLEGAS, P.: RODRIGUEZ,
A, ef al. Capillaria contorta parasitism in red-
legged partridge under farm conditions in Spain:
histopathology of the upper digestive system.
World Poult. Sci. J., v.56, p.159-166, 2000,

RAILLIET, A.. LUCET. A. Sur la presence eu
Trichosoma Comtortum Creplin chez le canard
domestique. Bull. Soc. Zool. v.14. p382-383,
1889.

RENNO, P.P.. QUEIROZ, FM.; GARCIA, B.P.
er al. Endoparasitose em aves-revisdo de
literatwra. Rev. Cient. Eletr. Med. Vet v.6,p.1-6,
2008.

ROSA. M.; SHIVAPRASAD. HL. Capillarmasis

in a vulture guinea fowl. Avian Dis., v.43, p.131-
135, 2015,

SICK. H. Omitologia brasileira, 2.ed. Rio de
Janeiro: Nova Fronteira. 1997. 912p.

SMITH, JW. Ascandoid nematodes and
pathology of the alimentary mact and i
associated organs m vertebrates, including man:
A literature review. Helminthol  Absir., v.68.
Pp.A49-96, 1999,

892

SOUZA ALMEIDA. AM.: LEONIDIO. ARA.:
ANDRADE, MA.  Principais  doengas  em
anserifores. Rev. Ver. Foco, v.14, p.10-33,
2016.

TOLOSA, EMCD.; RODRIGUES, ClJ.:
BEHMER, AO.; FREITAS NETO, AGD.
Marual de técnicas para histologia: normal e
patologica. 2.ed. Sdo Paulo: Manole, 2003. 331p.

VICENTE, 1J.. RODRIGUES, H.D.; GOMES,
D.C.; PINTO, RM. Nematoides do Brasil. Parte
4. Nematoxdes de aves. Rev. Bras. Zool., v.12,
Supl.1. p.1-273, 1995.

YOUSUF, M.A: DAS, P.M.; ANISUZZAMAN,
M: BANOWARY. B. Gastro-mtestimal
belmmths of ducks: some epidemiologic anxd
pathologic aspects. J Bangladesh Agril. Univ,,
v.7, p.91-97, 2009.

Arq. Bras. Med, Vet Zootec.,v.73, nA4, p.885.892, 2021

46



47

ARTIGO 2

Titulo: DIVERSITY OF ENDOHELMINTHS PARASITIZING BRED MUSCOVY DUCKS
Cairina moschata domestica (ANSERIFORMES: ANATIDAE) FROM THE EASTERN
BRAZILIAN AMAZON

Autores: CARVALHO, E. L.; SANTANA, R. L. S.; BENIGNO, R. N. M.; PINHEIRO, R. H.
S.; TAVARES-DIAS, M.; GIESE, E. G.

Revista: Journal of Parasitic Diseases

Status: Publicado

ISSN: 0975-0703 (Electronic)

Fator de Impacto: 1,21 (Qualis: B3 na &rea de Medicina veterinaria)

DOI: 10.1007/s12639-021-01403-z



1 Parusic Dis
hatps:/icon, cng/ 1O, L0078 1 2639021014007

Diversity of endohelminths parasitizing bred Muscovy ducks
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Abstract Raising of Muscovy docks Coirina moschata
deamestica for subsistence of human populations is common
in northern Brazil, although their helminth infections have
been poorly investigated. despite the possible presence of
helminths with zoonotic potential, The wim of this study
was 1o investigate the diversity of parasite endobelminths
in €. moschata domestica ruised in the Mamjo Island
region, state of Pard, Brazilian Amazon region. Of 13
specimens examined, %0.9% were parasitized by one or
more parasite specics, for a totnl of 926 parasites recorded.
The species mean richness of endohelminths vaned from 0
to 6, and there wis o predominance of hosts with | 10 2
species of parasite endobelminths and low prevalence and
low abundance of parasites. This was the first repont of
lurvie of Anisakis sp.. Contracaecum sp.. Hvsterotvlacium
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sp., Raphidascaris sp., Eustrongviides sp., Syngamus sp..
Ascocorvle sp. and Athesmia  heterolecithodes for C,
moschata domestica. The parasitic community of C.
moschata domestica was composed of 11 species, with o
high species nichness for nematode species and a small
number of digencans.

Keywords Avian - Diversity « Helminths - Infection
Parasites

Introduction

Muscovy ducks Calring moschata domestica (Linnacus,
1758) are birds adapted to vaned chmatic conditions axd
have been widely bred due 1o their ease m handling (Béjeek
& Stastny 2008). They have adapted to the captive
breeding system, especially when that involves cool places
with good availability of water and space (Geromel 2012),
In Brazil, ducks for subsistence of human populations are
common, but the hygienic and sanitary conditions of mis-
ing have been linle mvestigated (Sowza-Almetds et al.
2016). Although ducks have great physical resistance. they
are susceptible o disease because they are particulurly
prone w infections caused by parasitic belminths (Gower
1939; Mattos-Junior et al. 2008). However. the helminth
infections of the Muskovy ducks C. moschata domestica
have been poorly stidied (Carvalho et al, 2019), despite
possible losses m terms of reduced body growth and
mortality in breeding. as well as the presence of helminths
with zoonotic potential. Carvalho et al. (2020) described
the first report of Anivakis sp. parasitizing Muscovy duck in
Marujé Island, Suste of Past (Brazil). In addition,
Gnathostoma sp. has been reported in tetraodontiform
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Colomesus Pxiacns (Bloch & Schoeider 1801) from Infection by nematodes, cestodes and trematodes has
Marajo Island (Pinheiro et al. 2017). been reported for C. moschata domestica (Table 1),
although only a few studies have been carned out with

Table 1 Endohelmunhs in Coirimg moschate domestica Irom different localities

Parasie species Taxon Localiry References

Escotews cairimre Lopez-Neyra, 1'47 Nemasoda Brazil Vicente et ol (1995)
Encolens comorrus Gagunin, 1951 Nemasoda Brazl Carvalbo et al. (2019)
Encolens contortus Creplin, 1539 Nermsatoda Tanzimia Mulssirwa et al, (20X17)
Hererakis gallinarmm Schrank, 1788 Nematoda Brazil Vicente et al (1995)
Hererakis gollinarmm Schrank, 1788 Nemasods Braal Machado et al. (2006)
Hetwrokix gullinorsm Schrank, 1788 Nematods Tanzierin Mulwsirwa et al. (2007)
Hererakix neglovta Chabaud. 1975 Nemasoda Branl Vicente et al. (1995)
Heterakiy neglevta Chabaud, 1975 Nemstods Brazl Machado et al. (2006)
Terramerey fusixping Travassos, 1914 Nematoda Bruxzl Vicente ct al (1995)
Hadjelia neglecys Chabusd, 1975 Nemasoda Brual Mattos-Junior e1 al. (2008)
Capillaria phasianing Kotlin, 1914 ‘Nematoda Brazl Mattos-Junior et ol (2008)
Terramerex fusisping Truvassos, 1914 Nemsatoda Brazl MattasJunior e al. (2008)
Eucolews cairinge Lopez & Neyra. 1947 Nematoda Brazil Mattos-Tunior et al. (200%)
Ascaridia columbge Gmelin, 1790 Nematoda Tanzmia Mubadrwa et al. (20007)
Ascarkhio dissimitsy Perez-Vigneras, 1931 Nematoda Tanzanio Mubairwa et al, (2007)
Ascarkdin golli Schrank, 1788 Nemsatoda Tanzimin Mubssirwa et al, (2007)
Capitlaria anatis Schrank, 1790 Nemutoda Tanzmia Mubszarwa et al. (2007)
Capitlaria amwtate Molin, 1858 Nemasoda Tanzein Mubsatrwa et al, (20417)
Heterakin dispar Schrank, 17%) Nematoda Tanzamia Mubsairwa et al. (2007)
Hererokix isolanche Linstow, 1906 Nematoda Tanzmia Mulsairwa et al, (2007)
Subwhira strongvlima Rudolphi, 1819 Nematoda Tanziain Mulssirwa et al, (2067)
Subveliea brsmpei Cram, 1927 Nemasoda Tanzmia Muhairwa et al, 12007)
Subwhora swenrta Molin, 15640 Nematoda Tanzaonn Mubairwa et al, (2007)
Tetrumeres . Nermsatoda Braal Vicente et al. (1995)
Terrameres p. Nemasoda Bruzl Machado et al. (2006)
Heterakis sp Nemasoda Branl Vicente et al. {1995)
Heterkix sp. Nematoda Braal Machado et al. (2006)
Subslira sp. Nemasods Brual Vicente et al. (1995)
Sabwlura sp. Nemsatoda Brazl Machado et al. (2006)
Cupillaria sp. Nemusoda Brazil Vicenle et al. (1995)
Capillaria sp, Nemasoda Brazl Mattos-Junior et al, (200%)
Anizakis sp, Nematoda Braxl Carvalbo et al. (2020}
Raillietima echimobothrids Mégnin, 1880 Cestoda Tanzimia Mulsairwa et al. (2007)
Railliering tetragona Molin, 1858 Comtoda Tanziia Mubssirwa et al, (2007)
Fimbriana fasciolaris Frolich. 1802 Centoda Branl Mattos-Junior et al. (2008)
Lateripories sp. Cestodn Brazil Mattos-Junior es al. (2008)
Pravathogoninug sp. Trematods Brual Machido et al. (2006)
Echimastoma revolutum Frolxd, 1802 Trematoda Brazil Mattes-Junior et al. (2008)
Echinastoma moncax Dietz, 1909 Tremasods Braal Machado et al. (2006)
Echinostoma revolutum Froelxch, 1802 Trematoda Brazil Machado et al. ¢2000)
Ophthalmoplay gealtdest Ty 1921 Teemasoda Branl Machado et al. (2006)
Zigoconvle lumanem Dicsing, 1836 Trematods Braal Machado et al (2006)
Typhlacoelum cucumennwm Rudolphi, 1809 Teematods Beaxl Machado et al. (2004)
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domestic animals (Mubairwa et al. 2007, Mattos-Junior
etal. 2008; Carvalho et al. 2019, 2020). Muscovy ducks are
one of the food items for human populitions in the northern
region of Brazil, including Marajo Islamd, state of Pard, in
the Brazilian Amazoa. Eggs of nematodes, trematodes and
cestodes were reported from  Cyvanaloxia  rothschildii,
Paroaria gularis and Tangara episcopus kept in captivity
in the city of Belém, State of Pard (Magalhdes-Matos et al.
2016). As there are few studies obout helminths in €
maxchata domestica, the knowledge related to diversity of
these parasites is consequently limited, and the community
structure of encobelminths is unknown so for,

Several patterns associated with parasitic communities
of different amimal host populations can be  detected
through quantitative descriptors as diversity index and
species richness (Magurran 2004). Such studies provide
relevant informaton about avion host populations and
expand the knowledge of parasite-host-environment inter-
actions (Bush ct al. 1997; Sanmartin et al. 2004; Carvalbo
et al. 2020, Since several stuchies in bird hosts (Gower
1939; Alexander & Mclaughlin 1997, Sanmartin et al.
2004; Junker et al. 2008), have focused on the determinant
factors structuring the species richness of the communities
of parasitic helminths, a diverse and interactive community
cun be expected, based on their complex habitats and
feeding practices (Alexander & Mclaughlin 1997; Navaro
et al. 2005). The local populations of potential definitive
und intermediate bosts also have an important influence on
helminth community patterns i avian species because of
the set of helminths they support (Alexander & Mclaughlin
1997; Navarro et al. 2005; Carvatho et al. 2020). Thus. the
aim of this study was to investigate the diversity of parasite
endohelminths in C. moschata domestica, roased 10 the
regon of Marago Island, state of Pari (Brazl),

Materials and methods
Ducks and collection

Collection was performed from June 2018 to August 2019
in accordunce with the Ethics Committee for Animal Use
(CEUA-UFRA) under protocol N* 030/2018, Thirty-three
C. moschata domestica ducks (21 females and 12 males,
uged -8 months) were acquired from rural properties of
the municipality of Soure (00° 43 (0" §; 487 31" 24" W),
on Marajo Istand. The ducks were components of small
extensively raised herds with free access 1o the environ-
ment, used 1o provide food for families or for sale in local
markets. The ducks were slaughtered by stunning with &
club, cutting the blood vessels of the neck and exsan-
guwnation on the farm and only the organs of the digestive
tract were transported 0 the Laboraténo de Histologia e

Embriologia Animal/UFRA, Campus Belém (PA, Brazl)
for parasitological analyses. The organs are placed in air-
tight bags, identified and transported in an sothermal box
containing ice, In the laboratory, all the duck parts were
weighed in a balance (Ramuzatron 15 BAT, Braal), and
organs were separated, individualized, and placed in Petni
dishes with NaCl 0.9% solution and examined in less than
24 h, wusing a stercomicroscope (LEICA-ES2) using
ampliation from 5 x (Carvalho et al. 2019). The contents of
the lumen und wall were individualized 1n Petri dash and
analyzed separately using a stercomicroscope (LEICA-
ES2) using ampliation from 5 x. We do not use sieves
because the content was analy zed separately with the amd of
a stereomicroscope (LEICA-ES2), being only removed
from the analysis of com grain and plant fragments, The
lining of the gizzard was removed to scarch for parasites.
The recovered nemtodes were fixed m a solution of AFA
(93 parts of 70% cthanol, § pants of formaldehyde, and 2
pants of glacial acetic acid) and processed using light
microscopy and scanning electron microscopy according 1o
the method described by Pinbeiro et al. (2018). Amman's
lactophenol (crystallized phenol 20 g, lactic acid 20 mL.
glycerin 40 mL and distilled water 20 mL) was used to
observe the mternal stuctures of nematodes for taxenomic
identification, Nematodes were clarified with Amman's
lactophenol solution, placed on a micrascope shide under a
covenslip as a temporary mount, observed using a light
microscope, and photographed using a photomicroscope
(LEICA DM2500) with an imaging caplure system, The
trematodes specimens were compressed und fixed in AFA,
stained with alcoholic carmine, dehydrated in an alcobol
senes, clarified in methyl salicylate and mounted on per-
manent shides for light microscopy analysis. Taxonomic
classihication of pematodes was according 10 Moraves
(1982), Vicente et al. (1995) and Gibbons (2010), und for
trematodes was based in the works of Travassos (1969);
Jones et al. (2002), Jones et al. (2005) and Bray et al,
(2008).

Parasite collection and analysis

Ecological terms (prevalence, mean ntensity and mean
abundance) were used following Bush et al. (1997), We
used Diversity software (Pisces Conservation Lud., UK) to
calculate the following descriptors for the parasite com-
munity: for species richness of parasites, the Brllovin
diversity index (H8), evenness (E) in association with the
diversity index, and the dommance frequency (percentage
of the infrupopulation in which a parasite species is
numernically dominant) (Rohde ¢t al, 1995 Magurmn
2004), In order to detect the distnbution pattern of the
parasite mfrapopulation (Rézsa et al. 2000), the index of
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dispersion (1D} and the Poulin discrepancy index (D) were
calculated using Quantitative Parasitology 3.0 software for
species with prevalence > 10%. The 1D significance for
each infrupopulation was tested using d-statistics (Ludwig
& Reynolds 1988

The Shapiro-Wilk test was applicd to determing whe-
ther the parasite abundance data followed a normal distri-
bution, and Barlett test to homocedasticity. The G-test was
used for determining the sex effect of host sex in the
prevalence of parasites, and the Mann-Whitney test (1),
was employed to compare the sbundance of species of
parasites between male and female hosts. The Spearman
correlition coefficient (rs) was used for evaluating possible
correlation of abundance and prevalence of helminths with
the weight of hosts, as well as with the Brillouin index (Zar
2010).

Results

Of 33 specimens of C. moschata domestica examined,
90.9% were parasitized by one or more parasite species,
and o total of 926 parasites were collected from different
organs. A predominance of nematode larvae such as Ani-
sakis sp.. Contracaecum sp., Hysterorvlacium sp., Raphi-
dascaris sp., Eustrangviides sp., Syngamus sp., Capillaria
sp. and Subulira sp, was found. Among these pasasites,
Anisakis sp. and Exeeleus contorfuy Creplin, 1839 were the
dominamt species (Table 2). Infection by Anisakis sp, pre-
sented a random dispersion, while Capillaria sp, and E
contortus presented an aggregated dispersion (Table 3).

No difference (G = 1.25, p = 0.26) in prevalence (P) of
endohelminth  parasites  between  females (P = 952%,
n =21} and males (P = 83.3%, n = 12) was found, as well
as (U = 84.00, p = 0.09) berween the mean abundance of
parasites (MA) in females (MA = 38,5 + 74.9) and males
(MA =119 % 147, No correlation  (ry =-0.270,
p = 0.128) of endohelminth abundance with the weight of
hosts and with the Brilloum index (rx =<(1.234, p = 0.188)
was found. No correlation (72 = 0279, p = 0.124) of
endohelminth prevalence with the weight of hosts) was
found.

The species mean richness of endoheimmths vaned
from O to 6, Brillouin diversity index from () o 1.2 and
evenness from O 10 0.5 (Table 4).

Discussion
The fauna of endohelminths in C. moxchara domestica was
composed of 9 species of Nematoda and two species of

Trematoda found in different organs, and was charactenzed
by a predominance of nematode larvae, low diversity, low

€ Springer

species richness and low evenness. Mattos-Junior et al.
(2008) reported seven species of endohelminths for
domestic C. moschata domestuens in Rio Janeiro State
(Brazil), five species of Nematoda, one Cestoda and one
Trematoda. For free range C. measchata in Tanzania, the
endohelminth fauna was constituted by 12 species of
Nematoda and two species of Cestoda (Mubairwa et al.
2007) (Table 1). Although these studies did not provide
information on the stomach contents of this avian host,
they are known 1o ingest a certain range of prey in their
habitats, thus exposing themselves to potential intermediate
hosts. which acoounts for this distinctly  differentiated
fauna of parasitic helminths. Thus, in addition 1o dietary
differences being a sigmificant fuctor in defimng the hel-
minth fauna in these host populations, spatial factors may
also have played an important role in these hosts.

Among wild avian species, it is suggested that such
hosts harbor i richer diversity of helminths (Santoeo et al.
2012) than domestic birds, because the fuuna and species
richness of purasite helminths are nfluenced by specific
factors such as particular habitat, geographic range, o broad
host dict and selective feeding by the host on prey that
serve as mtermediate bosts (Alexander & Mclaughlin
1997; Sanmartin et al. 2004; Junker et al. 2008; Santoro
ct ul. 2012). Therefore. the specimens of €. meschata
domestica examined m our study had fed selectively on
prey species that are intermediate hosts of endobelminths,
because they sequired a richer diversity of nematode larvae
species than trematoides.

In avian species, factors governing the dynamics of
spatial distribution of endohelminth species are vaned and
complex. The most disperston common pattern of parasites
is the aggreguted distribution (Sanmartin ct al. 2004; Jun-
ker et al, 2008), which mdicates that the parasite species
has achieved a centain degree of stability, This pattern of
dispersion ¢an be due o the wide dimensions of the hosts’
ecological  niches, the genetic heterogeneity and  the
heterogencity of exposure and susceptibility of the host
population (Dobson 199%0; Poulin, 2013). In contrast, the
random  dispersion pattern is  charactenistic of  parasite
populations in the early stages of colonization of a new
environment or in decline, which thus show low population
densities (Sanmartin et al, 2004). Therefore, an aggregated
dispersion pattern depends on factors such as genetic
heterogencity, exposure und susceptibility of the host
population, feeding preferences and species-specatic host
behavior and environmental factors (Sanmartin et ul. 2004;
Junker et al. 2008). In C. moschata domestica, we found
that larvae of Anisakis sp., a moderately abundant endo-
helminth, had a random dispersion, while E. contortus and
lorvae of Capillaria sp. had aggregated dispersion. Those
parasite species have different niches within the host and
are thus not in direct competition. In parasite species that
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wre nol in direct compenition, aggregated dispersion could
allow the coexistence of pamsites that would otherwise be
excluded; and hence, more parasite species ¢an coexist in i
same host population (Salgado-Maldonado et al. 2019), In
addition. Lester & McVinish (2016) reported that most
parasites that are able to remain at one trophic level are less
aggregated than those that pass through the food web,

Infection parnmeters (sensu Bush et al. 1997) tradi-
tionally used 10 quantify parasite populations or the
severity of parasitic infections, are subject 10 variations
(Poulin 2006), because such parsmeters can vary for a
single avian species, influenced by factors such s the host
diet and selective feeding on prey that are intermediate
hosts in the environment, among other factors (Alexander
& Mclaughlin 1997; Sanmartin et al, 2004; Junker et al
2008; Santoro et al. 2012). Our results for C. maschata
domestica indicated low infection levels by nematodes and
trematodes, except for E contortuy and Capillaria sp., but
no difference wus found between males and females,
because mades and femades had a simalar diet and lifestyle,
In addition, we found a higher overall prevalence of hel-
minths (%0.9% ) than that reporied by Mattos-Junior et al.
2008 for this sume duck (56.5% ) rtised in Rio Juneiro State
(Brazil), although these awthors found that females pee-
sented a higher prevalence of endohelminths than males.
We attrnibute this high prevakence and tensity of £, con-
tortey and Capdlaria sp. to the humid environment char-
scteristic of the Amazon. This high prevalence and
mtensity of nematodes in C. moschata domestica ¢an be
reluted to the mnteructions of this avian with the soil, which
is cssential for the maintenance of the life cycle of many
parasites such us E. conrtornus, where this avian ingests the
intermediute hosts, possibly carthworms, besides the viable
eggs i the environment (Carvalho et al. 2019,

We observe that in 36.3% of C. moschata domestica
there was an occurrence of double parasite infection,
generally with £ comtartus or Capillaria sp., which may
lead to body weight loss. This high prevalence of hel-
minths can be a problem for duck raising by affecting their
total protein content and, consequently, the full economic
benefits of their production (Carvalho et al. 2019). Addi-
tionally, we found no correlstion between endohelminth
abundance and the body weight of C. moschata domestica,
indicating that possibly the amount of foods consumed
containing infective stages was not o factor responsible for
such mfection levels.

Free-range and extensively raised ducks arce in constant
contact with soil und aquatic habitats, which serve as an
mportant reservoir and transmission for larval stages of
parasite endohelminths species. Hence, temrestrial and
uguatic invertebrates can become vectors for these para-
sites (Alexander & Mclaughlin 1997, Mubairwa et al
2007; Junker et al, 2008; Carvalbo et al. 2019). Wild fish
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Table 3 Diperaon index (D). -d (o and discrepancy index (D) for the parusite mfracommuestios m Caerina moschoto domestica from
the eastern Amwon (Bruzil)

Species of parsites 1D d &} Type of dispersion
Anisakiy s, 182 L&] 084 Randon

Eucolens contortus 2.46 461 047 Aggregated
Cupitlaria sp. am 20 062 Aggregased

Table 4 Body and divessity p for the endobwelminth
in Caivng moschate demestica from the castern Amazon (Bril)

Parameters Mean = SD Rimge
Weight (kg) 26+ 09 1245
Species richness of pansites 19413 0-6
Brllouin divenity index (HB) 04 £ 04 0-1.2
Evenness (£) 02402 0-0.5

species are nfected by larvae of Amisakis sp., Contracae-
cum sp., Hverotvlacium sp.. Raphidascarls sp.. Eusx-
trongylides sp., Capillaria sp. and Ascocoivie sp. because
they are secondary intermediate or paratenic hosts for such
helminths, while fish-eating avian are definite hosts (Mo-
ravec 1998; Barson & Marshall 2004; Knoff et al. 2013;
Pinbeiro et al. 2019),

Fish-cating birds are abundant in freshwater habitais in
the eastern Amazon, as they are in most regions of the
Amazon, However, we also found Amisakis sp., Contra-
caecum sp., Hysterotvlactum sp., Rophidascaris sp., Eus-
trongvlides sp.. Capillaria sp.. E. contortus. Athesmia
heterolecithodes (Braun, 1899) Looss, 1899 and Ascocotyle
sp. in €. moschate domestica maised in the Brazilian
Amazon, where they are dead-end hosts (1., accxdental
hosts) for these endobelminths, Thas, it & possible that this
duck ulso feeds on fish, which are intermediate hosts for
these nematode species m the environment, Athesmia
heterolecithodes is a ubiquitous. nearly cosmopolitan
digenean species with a wide diversity of hosts that
includes avian species from the Gruiformes, Charadri-
formes, Cuculiformes, Falconiformes,  Strigiformes,
Ciconiiformes and Passeriformes  from the Old World,
Nearctic und Neotropical regions, as well a5 mammal
species from the Marsupialia, Chiroptera, Carmnivora and
Rodentia (Digiani 20001, In general, infrapopulation of
nematodes and digeneans . C. moschata domestica had
few mdividuals, suggesting that the same diet vanation that
produces the low diversity in the endohelminths commu-
nity limats both the probability and frequency of encounters
with parasites ot the individual level. Since this host does
not speciahize on any prey species, this fuct further limits
exposure 1o helminth lurvoe, This is reflected in the

generally low prevakence and intensity seen for most hel-
minth species.

In C rothschildii, P. gularis and T episcopus of cap-
tivity in the cty of Belém, State of Pard (Brazil) was
reported eggs of nemawde Tnchostrongyloidea (4.6%),
Ascandoidea (0.6%) and Trichuroidea (0.6%); eges of
cestodes in 2,9% of examined birds and trematode eggs in
2.3% of samples. As species of Anisakis, Contracaecim,
Hysterotvlacium, Raphidascaris. Eustrongvlides and Cap-
ilaria are widely distnbuted in other parts of woeld
(Gower 1939; Alexander & Mclaughlin 1997, Moravec
199%; Burson & Marshall 2004; Sunmartin et al. 2004;
Navarro @ al. 2005; Mulwirwa et al. 2007 Santoro et al.
2012), it is also important to investigate the occurrence of
these helminths in the Amazon region. In addition, Ani-
sakis sp., Contracaecum sp., Eustrongylides sp. and Ayx-
coconvle sp. have zoonotic potential for humans (Knoff
ctal. 2013) due to the risk of contamination by larvae in the
food of Amazon populations, This means that swdies of
nfections by such parasites should not be neglected.

Conclusions

Thas study was charucterized by a high richness of nema-
tode species and a small number of digencans with low
abundance, low diversity, and low evenness, with a pre-
dominunce of E contortus and Capillaria sp. There was a
predominance of single or double parasitic infection, gen-
erlly with E. contormes andfor Capillaria sp. Our studies
of these ducks muised in the Brazilian Amazon region
revealed that they are accidental hosts for most of the
larvae species, and definitive hosts for few of the species
foundd. Furthermore, results suggest that C. maschata
domestica IS an omnivorous species that uses several
aquatic and terrestrial habitats that contaem a rich nematode
fauna velated to these two habitats, but mainly prefers
aquatic habitats where there is greater opportunmity for
contact and consumption of invericbrates and fish infected
with infectious stages of parasites, This was the first repont
of Contracaecwm sp., Hvsterotvlactum sp., Raphidascaris
sp.. Eustrongyiides sp., Syngamuy sp.. Ascocotvle sp. and
A, heterolecithodex for C moyschata domesnica, Because
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this duck is an important sousce of food for several human
populations in northern Brazil, knowledge regarding con-
tamination by helmmnths found to have zoonotic potential 15
particularly important.

Atﬁml«bm Marcos  Tavares-Dias wan supported by @

Hlowship of the Consedho Nacional de Pesguisa ¢
Desenvolvimenta T:cndopw (ONFy), Bruzily (¥ mmurxmm

Author contributions All athoss huve participated s cosception
and design, or analysis and interpeesation of the data; drafting the
artcle oc revising it ontkeally for impoctam imelioctual content; and
upproval of the final version.

Declaration

toﬁ!dlﬁefnlAUhmd«lmermhmcmﬂuM
the peblication of this puper.

| ottt

References

Gibboms LM (2010) Keys to the nematode pasasites of venebases.
Supplementary volume. Cabs Publishing, Oxon

Gower WC (1939) Host- parasi ) of the helmi
Am Midh Nat 23):580-628

Jones A, Bray RA, Gabson DI (2002) Keys 1o the Trematodu. Cabi
Publishung and The Natoral Hissory Muscum v |

Jones A, Bray RA, Gabson DI (20051 Keyx 1o the Trematoda, Caln
Publishang and The Natwral Hissory Museum v 2

Junker K. Debusho L, &mmkc J IIKB) The belining community of
Helmeted Geencafowds, Nwmida iv (Linnaews, 1758), in
the north of Limpope Proviece, South Affica. Ondersi=poont J
Vet Res 75:225-233

Kool M, Sio Olemente SC, Karling LC. Gaznni ), Gomes DC
(2013) Helmantos com potencinl zoondtico. In: Pavanelli GC,
Tokemoto RM, Esras XC (eds) (Org ). Parasitodogia de peives de
dgua doce do Brasil. Edwent. Manngd. pp 17-35

Krone O, Cooper J (2002) Pamsatic daseases. In: Cooper J (ed) Birds
of prey: health & dseases. Blackwell Publishing, Oxford, UK,
pp 105120

Lester RIG, MCvinish R {X016) Does moving up & food chain
increase  agpregation  in pamasites” ) R Sec Inrerface
1320160102, hsps:/Klok org/ 10, 1098rsif 2016,0102

Ludwig J, Reynokds JF (1988) Statistical ccology: u peamer on
methods and computing. Wiley-Interscience. New York, p 3379

Maciudo ACR. Lima OM, Anuizo JLE 2006) Helmimos

hs of ducks.

Alexander S, Mclsughlin JD (1997) A comg of the helminth
communitics in Ames andulote. Anas entheorfomeha, Anas
copensity and Aras s w Barberspan, South Africa. Onder-
stepoart J Vet Res 64:161-173

Barson M, Manhall BE (2004) First recond of Contracaecum spp.
(Nemutodia: Anisakidae) i fish-cating bards from Zimbabwe. J S
Alr Vet Aswoc 75(2):74-78

Bejeek V, Stastny K (2008) Enciclopedia das Aves: as varas especses
¢ seus habisats, Lisboa Liveos, 55 p

Bray RA, Gibsan DI, Jones A (2008) Keys 1o the Tremasoda, Cabi
Publishang and The Noteml History Muscum, v 3

Bush AO, Lafferty KD, Lotz JM. Shostak W (1997) Parsatology
meets coology on Ms own teoms: margolis el al. revisited.
J Parasatcd 83:575-583

Carvalbo EL. Samtana RLS, Pinharo RHS, Giese EG (2019) Eucolens
contortus (N dx: Capillarisdae), @ ite of Carrima
monehara domestion (Anseriformes: Mutxheb on Marajo Islamd,
Pad  Swie. Braziim  Amazon Braz 1 Vet Purasaol
28(4):692-699, hispsHidor arg/ 10.1590VS 1984-296 1 2019087

Carvalbo EL, Santana RLS. Gongalves EC, Pinheim RHS, Giese EG
(2020) Fust report of Anisskis sp. (Nematoda: Anisakidae |
pansitizing Muscovy dick in Marajo Isdand, state of Pars.
Beazil. Brax J Vet Paraxitol 29(23e020319. bttps://doi.crg/ 10

15HVS19684-296 1202001 5

Cram EB (1927) Bind g ates of the fe suborders Strongy-
lota. Ascaridat, uml Spirorata, Buoll United States: National
Museum

Dean WF, Sandhu TS (2014) Health Management 1n bome textiles
ducks. Cornell Uniy College Vetenn Mcd 22):232-243

Daguani MC (2000) Diig and ¢ itic in the white-
faced ibws Plegadis chili (Avex: Muﬂlﬂnh] from
Argentina. Folia Parastol 47:195-204

Dobsoa AP (190) Models of nmlt host 1
tiex In: Esch GW, Bash AO, Aha | mh) Pumsite commamities:

Chap & Hall, Nchm.W%l 288

ila de criagBo d linhas, pato,

7 wnd p
Geromel N (112) A

nas pu\l- zes. Dhsponivel em; mmnm
Mwlnumbﬂ IU7411I(N12 BR.D O Nekson-Geromed—Apost
Ala-de-criog de-galinhasT2Cpatos H2C.  Acesso
env 10 mar 2019

€ Springer

cm aves Anserifonmes que ocorrem em Goidx. Rev Patol Trop
35{3):185.198

Magalhies Matos PC, Silva MBV, Sosza PGS, Lima DHS, Moruis R,
Farias DM, Alvarenga LCO, Gabriel AM, Oliveim WBL, Goes-
Cavalcante G. Scoficld A (2016) Oceurrence of eggs and oocysts
of gastrointestinal parsites in passerine birds kept in captivity in
Paré State. Brazi) Cién Rural 46012):2177-2181

Magurran AE (200M) Measuring bological diversity. Blackwell
Science, Oxford, p 266

Mattos-Junice DGM, Costa DA, Menezes RC, Mmplh EM IMI
Prevaléncia de helmi em patos damesti
dom (Linné) (Anseriformes, Anutadue, (.‘uuulim. Cairina) prove-
nientes g cragies extensivis no caado do Rio de Juneiro.
Brasil, Rev Brasil Cidn Vet 15031 140142

Morves F (1982) Propesal of o new systematic arrangement of
aomitodes of the family Copillartidee.  Folin  Parusitol
292):119-132

Maoruvee F (1998) Nematodes of freshwater fishes of the Neatropecal
regron. Academia, Publishing House of the Academy of Sciences
af the Czech Republic, p 464p

Muhairwa AP, Msoffe PL, Ramadhani S, Mollel EL, Mambo MMA,
Kassuku AA (2007) Prevalence of gastro-intestinal helminths in
free-range ducks in Morogaoro Municipality, Tunzania, Livestock
Res Ruml Doy 19:48. hapetwww berd ong/lend L9 mha 19088,
him. Accessed B June 2021

Navamo P, Liuch ), Fom E (!m.'n he coumomnl I!:lm-nm
commmumity im sx symg bes of Ardeid; P
IHALTISTT9. Impﬁlldmnryln I645/GE. 33421

Pinheiro RHDS, Santuna RLS, Melo FTV, Santos IND, Giese EG
(2017) Goathosomatidae  pematode  parasite of  Colamesis
paitracus (Osteichthyes, Tetraodomifi in the llha de
Marajé. Braziion Amazon Braz ) Vel Parasitol 26035330347
hups:fdot org/10, 159V 1984-296 1 201 047

Pisharo RHS, Melo FTV, Manks S, Santes IN, Giese EG (2015) A
ocw species of Procamallomuy Baylis, 1923 (Nematods, Camal-
Tumidae ) from A ocellames (Agassiz, 1831 ) (Percif
Cichlidae) in Brazil. ZooKeys 790(790):21-33, hepsc/ichosorg/

10,3897 rookeys 7). 24745
Pisheiro RHDS, Furtado AP, Santos IND, Giese EO (2019)
Contracovcwn larvae: morphological andd meonph retro-

spoctive unalysis, biogeography and sk in the

55



) Parsic Dis

Amazon, Braz J Vet Parasiool 281)12-32, baigs./fdol oag/10.
15HVS 194 "96!"019@

Powlin R (20061 Variation in i P s umang populutions
within p pecies prop versus kel factons.
Inter J ) J6:KTT-885.

hps /ot org! 10, 1016 4jpars. 2006.02.02 1

Poulin R (2013) Explaining variabelity in parssite aggregation Jevels
among host samples. Parasitology 140541546 hitpse/idon.org/
101017750031 1R2012002053

Robde K, Hayward C, Heap M (1995) Aspects of the ecology of
metizoan  ectoparasites of munne  fishes. Imer 1 Parusatol
2594597

Rozsa L, Reiczigel ), Majoeos G (2000) Quantifying parasites in
samples of hosts. ] Pasasitol 86;228-232

Salgado-Maldonado G, Mendoza-Framco  EF, Cnspm-MmMum
JM. Ramirez-Martinez € 12019 Ampﬂm negative

in low-diversity amd

(Platyheiminthes ) mnnmlsu in Astyanct aernews (Teeastei)

1 ima N pecal river of My Inter J Parasitol
Parusites ond Wikdlife  $:203-215 Tntps Ao ong 10, 101 &
Jhippaw 201902 003

Sanmastin ML, Alvarez F, Barrern G. Leim 1 {2004 Helmisth fusnn
of falcortform and strigifomm birds of prey in Galicia. Northwest
Spain  Parusitol  Res 92030:255-263.  hatpw:/idoi org/ 10, 1007/
SOO4 36003 1042-2

Santoro M, Kinsella IM, Galiero G, Ubenti BD, Amar FI (2012)
Hedminth commuaity strucsare in biads of prey (Accipimformes
and Falconiformes) in Southern Baly. J Parssisol 98(1)0:22-29.
Hitps:idotorg/10, 1635/GE-2924.1

Soura-Almesds AM. Loonidio ARA, Andrade MA (2016) Privcipais
doengas em amseriformes. Veterinany Em Foco 1401e10-33

Travasvos L, Frestas JTD, Kol A (1969) Trematddeos do Brasil.
Mem Inst Oswaldo Crar 67(1):1-836

Vicene 11, Rodrigues HO, Goenes DC, Pinto RM (1995 ) NematOides do
Brasil, Pane IV: nemitoides de aves. Rev Brasil Zool 1201:1-273.
Btps:Adotong/L0. 1S9SO101-8 1751 $9S000500001

Zar JH (2010) Biostatistical analysis, 5th odn. Prentice Hall, New
Jersey, p Wp

Publisber’s Note  Spemger Nature remuins neutral with regard to
Jurischictional ¢l bn published mags and mstinstional affiliations.

€ Springer

56



S7

ARTIGO 3

Titulo: A new nematode of the family Capillariidae identified in Cairina moschata (Linnaeus)

on Marajé Island in the Brazilian Amazon

Autores: CARVALHO, E. L.; SANTANA,R.L.S.; NETO,J. L. S.; SILVA, M. V. O.; GIESE,
E.G.

Revista: Brazilian Journal of Veterinary Parasitology

Status: publicado

ISSN: ISSN impresso - 0103-846X; ISSN eletronico 1984-2961
Fator de Impacto: 1,3 (Qualis A2 na area de Medicina veterinaria)

DOI: https://doi.org/10.1590/51984-29612023047



Hevtaa Saallena Oe Purasitoaaa Vetenniols
Brazilian Joumnal of Original Article
Veterinary Parasitology

B3N 1984.2561 (Hertronx)
wew chpv.org br by
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(Linnaeus) na llha de Marajé na Amazonia Brasileira

Elaine Lopes de Carvalho' ~* @; Ricardo Luis Sousa Sarvana' ' @; José Ledamir Sindeaux Neto' ©;
Michele Velasco Olveira da Siva’ ' @ Elane Guerreiro Giese'* @

* Laboratorio de Histalogia e Embrcioga Aninal, institen da Saude ¢ Producio Anmal Universidade Federal Rural da Amazonia - UFRA,
Beldmm, PA, Brasi
1 Programa de Pos-graduadio em Sxide e Pradugdo Animal na Amazbnia, Insttuto da Sadde  Produco Animal Unhersidade Federal
Rural da Amazénia - UFRA, Belem, PA, Brasd
f Universidade Federal Rural da Amazdoi - URRA, Belm, PA Brasd

How to cite: Carvalho EL, Sentana ALS, Sindeau Neto L Sihva MY, Giese EG. A new nematade of the family Capilaridae
identified in Coiring moschefe (Linnaeus) on Maragd tdand in the Brazillan Amazon, Braz § Vet Paresiid 2023; 32{3f 007523
https//dotorg/ 10,1 590/51964-2961 2023047

Abstract

Capillaria Zeder, 1800, parasitizes the organs and tissues of several hosts, including the domestic duck
Cairina maschota (Linnaeus). This article desaibes a new spedies of Capilfaria in domestic ducks identified based on
morphological studies and molecular analyses of the nbosomal RNA gene. Thirty-sight specimens of C moschato
fromthe municipality of Soure, Marad i1sland, Para, Brazll. The organs of the birds’ digestive tract were analyzed
under a stereomicroscepe 1o confirm the parasitic infection, after which the collected nematodes were (dentified
by light micrascopy, scanning electron microscopy, and molecular analysis, Capillarids parasitized the intestine and
cecum of the examined birds. These parasites had three bacillary bands and a pair of elongated precloacal paplllae
on the tail. Phylogenetic analysis indicated that the new species formed a sister clade with Capilioria spénufoso
(Linstow, 1890), as described In Indonesia and japan. Based on morphological distinctions and molecular data,
Capilfana caiina n. sp. can be considered a new parasice species of € moschata in the Brazlian Amazon.

Keywords: Capillana cairina n. sp., Anseriformes, Muscovy duck, Brazil,

Capillario Zeder, 1800 parasitam orgdos e tecdos de diversos hospedelros, Induindo o pato doméstico
Cairina maschata (Linnaeus). Este artigo descareve uma nova espécie de Capllaria em patos domésticos,
identificada com base em estudos morfolégicos e analises moleculares do gene do RNA ribassomal. Trinta e
oito espéames de C. moschata oriundo dos no munidpio de Soure, Itha de Marajo, Pard, Brasil. Os drgdos do
aparelho digestivo das aves foram analisados em estereomicroscopio para confirmar a infecgdo parasitaria,
Apods, 0s pematadeos coletados foram ientificados por microscopia de luz, microscopia eletrdnica de varredura
¢ andlises moleculares, Os capilarideos parasitaram intesting e ceco das aves examinadas, Esses parasitas
apresentaram trés bandas bacilares e um par de papilas pré-cloacais alongadas na cauda. A andlise filogenética
ndicou que a nova espéde formou um clado irmde com Copillong spinwosa{Linstow, 1890), conforme descrito
na Indonésia e no Japdo. Com base na distingso morfolégica e dados moleculares, Capilaria cairina n. sp.
pode ser considerada uma nova espécie de parasita de C. moschata na Amazonia beasileira.

Palavras-chave: Capillario cavina n. sp., Anseriformes, Pato doméstico, Brasil.
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Capilanidae in Muscovy ducks

Introduction

Understanding the diversity and biology of nematodes of the family Capillariidae Railliet, 1915 remains scarce,
Approximately 390 species have beenidentified in various organs and tissues in many hosts, such as fish, amphibians,
reptiles, birds, and mammals, including humans (Vicente et al, 1995; Moravec, 2001a; Hodda, 2011). However,
capillariids are often not identified in faunal surveys and have been reported only as Capilfario (sensu latu) sp. or
Capillariidae gen. sp. (Moravec & Beveridge, 2017; Moravec & Justine, 2020),

The taxonomic classification and identification of capillariid nematodes are difficult as they are small, fragie
parasites that require intense manipulation for observation (Moravec, 1982; Anderson, 2000; Tamaru et al,, 2015).
In addition, they exhibit a wide range of ecological adaptation mechanisms, parasitizing vertebrates belonging to the
main classes in both terrestrial and aquatic conditions (fresh and marine water), Although many forms have adapted
to life in the tissues of various organs (Moravec, 2001b), most capillariids are digestive tract parasites. Deng et al. (2021)
demonstrated that using molecular markers to study phylogenetic and systematic relationships within the family
Capillariidae is helpful in investigating controversial taxonomic problems in the identification of genera or species.

Muscovy ducks, Cairina moschata (Linnaeus), are well adapted to different climatic conditions and have adjusted
to breeding in captivity (Béjcek & Stastny, 2002). However, they are also found in the wild, in areas with adequate
water and space (Geromel, 2012). Subsistence farming is common in Brazil, and the trade of live birds, eggs, and
meat occurs mainly among small producers, commercial houses, and openmarkets (Almeida et al,, 2016). On Marajo
Isiand, birds are raised extensively, making these animals generalists in their diet; thus, they can act as paratenic
hosts by ingesting infected fish viscera or becoming infected after filtering water containing microcrustaceans
parasitized by nematodes or eggs (Carvalho et al., 2020). On Marajé island, Muscovy ducks are commonly used
by the local population for food and commercial purposes (Carvalho et al, 2019, 2021).

In Brazil, four capillariid species have been identified among the parasitic fauna of €. moschata as follows: Capillaria
phasianina Kotlan, 1914; Capilaria sp. Pinto and Aimeida, 1935, and Eucoleus cairinae (Freitas & Almeida, 1935)
Lopez & Neyra, 1947, in Rio de Janeiro; and Eucoleus contortus Creplin, 1989, in Para (Vicente etal,, 1995; Mattos et al,, 2008;
Carvalho et al., 2019). This study describes a new nematode species of the genus Capillaria Zeder, 1800, that was
found to infect Muscovy ducks in the Brazilian Amazon based on morphological data and phylogenetic analyses.

Material and Methods

Sampie coliection

From 2018 1o 2020, 38 C. moschata (25 females and 13 males) specmens were acquired from rural properties
located in the municipality of Soure (DD° 43' 00" 5; 48° 31" 24" W), Marajé Island, Para State. Only digestive tract
organs were transported to the laboratory at the Universidade Federal Rural da Amazdnia, Campus Belém, Para.

Parasitological examination

Each organ was isolated in a petri dish containing 0.9% NaCl saline in the laboratory and analyzed under
a stereomicroscope (Leica ES2). Collected nematodes were washed in 0.9% saline, fixed in an A.F.A. solution
(93 parts 70% ethyl alcohol, five parts formaldehyde, and two parts glacial acetic acid), and stored in 70% alcohol,
In total, 197 adult nematodes were collected (114 females and 83 males), of which 118 were from the ceca,
and 79 were from the large intestine. For light microscopy, nematodes were cleared in 0.5% lactophenol amine
solution, cbserved under a Leica DM2500 microscope with a drawing tube, imaged under a Leica DM2500 microscope
with a Leica DFC310 FX camera system using Leica Application Suite Software V4.4, and stored in glycernin alcohol
(50% of 70% ethyl alcohol and 50% glycerin). For the morphometric analysls, 20 males, 20 females, and 50 eggs
were used, Measurements are given in micrometers unless otherwise indicated and are represented as mean
values, followed by the minimum and maximum values in parentheses.

Scanning electron microscopy (SEM)

Forty-five nematodes (22 females and 23 males) were fixed in 3% glutaraldehyde, washed in 0.2 M phosphate
buffer solution, post-fixed in 1% osmium tetroxide for 2 h, dehydrated in progressive alcohol for 1 h each
(50%, 70%, 80%, 90%, and 100%), dried at the critical point of CO_, metalized with gold-palladium, and observed
using a Vega 3 (TESCAN, Brno, Czech Republic) scanning electron microscope, according to Carvalho et al. (2022),
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Capilanidae in Muscovy ducks

Molecular analysis

For molecular and phyfogenetic analyses, 20 nematodes (10 females and 10 males) were used, Helminths were
isolated from the ceca and fixed in absolute alcohol, Total DNAwas extracted using the Purelink® Genomic DNA Mini
Kit {Invitrogen®; ThermoFisher, CA, USA), following the manufacturer's instructions, The small subunitribosomal RNA
gene (SSU rDNA) sequence was amplified using primers 185-£/185-A27 and 185-8/Cestode-6 (Olsan & Caira, 1999).
The final volume for the polymerase chain reaction (PCR) was 25 pL, containing 1 ng of DNA template, 20 mM Tris pH
8.4, 50 mM KCl, 2 mM dNTP (Invitrogen*), 1 mM Mg_.Cl, 0.5 pmol of each primer, and 0.2 U of Taq DNA polymerase
(Invitrogen®). The amplification profile for the polymerization of any molecules that might have dissodated from the
polymerase prior to complete fragment synthesis consisted of 5 min of initial denaturation at 95 °C, followed by 35
cycles of T min at 94 °C, 1 min at60 °C, and 1 min at 72 *C, with a final extension of 7 minat 72 °C.

The amplicons were subjected to 1.5% agarose gel electrophoresis and purification using ExoSAP-ITTM
(GE Healthcare, UK). Quantification was performed using Nanodrop (ThermoFisher, CA, USA). The samples were
sequenced using an Applied Biosystems™ 3500 Genetic Analyzer (ThermoFisher, CA, USA), which generated
approximately 700 nucleotides In each sequence. The primers used for PCR amplification and sequencing
were as follows: 185-E forward (5'-CCG AAT TCG ACA ACC TGG TTG ATC CTG CCA GT-3')/185-A27 reverse
(3-CCA TAC AAA CGT CCC CGC CTG -5') and 185-8 forward (5-GCA GCC GCG GTA ATT CCA GC-2)/185-Cestode 6
reverse (3-ACG GAA ACC TTG TTA CGA CT-5)

The nucleotide sequences obtained from the samples were edited and aligned using BioEdit software
(Hall et al,, 2011) after a comparisen with other sequences available in GenBank (BLAST search). The SSU rONA
sequence was aligned with sequences of 21 capillariids available in GenBank. In addition, the database includes
sequences from Hoemonchus placei (Place, 1893) and Haemonchus contortus (Rudolphi, 1803), which formed the
outgroup for phylogenetic analyses. The consensus nucleotide sequences reported in this study are available
In GenBank under accession number OP720889.

Bayesian Inference (Bl) was performed using a Markov Chain Monte Carlo (MCMC) phylogenetic tree,
implemented in MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003). This analysis was based on two parallel
runs of four simultanecus MCMC searches of five million generations each. One tree was sampled every
250 generations after discarding the first 1000 trees as burn-in. The remaining trees were analyzed using
MrBayes to estimate the posterior probability of each node in the phylogenetic reconstruction. As indicated by
|ModelTest 2.1.9 (Darriba et al,, 2012), the Bl analysis assumed a TIM3ef + | + G nudeotide substitution model,
with estimated base freguencies (A = 02571, € = 02091, G = 0.2751, and T = 0.2587), the replacement mode|
(A-C = 0.6282, A-G = 2.3543, A-T = 1.0599, C-G = 0.6321, C-T = 3.8687, G-T = 1.0000), and local variables after a
gamma distnbution (G = 0.3820), and 88 models in the 100% confidence interval, In addition, genetic distances
were determined for the SSU rDNA sequences of the capillariid species using PAUP 4.0 (Swofford, 1998).
Specimens of capillariids were deposited in the Cole¢do Helmintoldgica do Instituto Oswaldo Cruz (CHIOC),
Manguinhos, Rio de Janeiro, Brazil, as follows: holotype (CHIOC 39393 a), allatype (CHIOC 39393 b), and paratypesfour
males (CHIOC 39393 c-f) and four females (CHIOC 39393 g-)).

Results

Description
Trichinellida Hall, 1916
Capillariidae Railliet, 1915
Copillaria Zeder, 1800
Copillaria cairina n. sp.
(Based on light microscopy and SEM, Figures 1-4)

The nematades were small and filiform, with delicate cuticles that were transversely striated, They
exhibited a simple, dorsoventrally oriented oral opening. Their mouth was surrounded by 12 cephalic papillae
arranged in two circles, each consisting of six papillae and a pair of small lateral amphids, with a stylet absent.
They contained a short, muscular esophagus with a stichosame. The nerve ring surrounded the muscular
esophagus in its initial portion, The stichosome consisted of a single row of approximately 40 elongated
stichocytes with transverse rings that were difficult to visualize and large stichocytes nuclei with several nucleoli,
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Figure 1. Copioria cairing n. sp. (A) Anterior extremity, muscular esophagus (e), and nerve ring (nr). Scale bar = 10 pn; (8) Detail
of the male’s anterior extremity, prominent lips surrounded by 12 papillae, apical view (reconstructed from an SEM micrograph).
Scale bar = 2 pny (C) End of stichocytes (s) esophageal glands (eg), and pre-equatorial region where the vulva and vulvar
appendix are located (*). Scale bar = 10 prg (D) Eggs. Scale bar = 40 pm; (€) Female posterior extremity, Iateral view, anal opening
(arrowhead): the uterus (W) and intestine (1) are shown, Scale bar =50 pm; (F) Region where the base of the spicule is cbserved
(arrow). Scale bar = 10 pm; (G) Posterior extremity of male, lateral view, spicule (s}, spinous spiular sheath (ss), and rounded
tip of the spicule (arrow). Scale bar = 10 pm. H. Posterior extremity of male showing papilla (p). Scale bar = S pm.

Figure 2. Microscopic views of Capilaria cairina n. sp. (A) Female anterior end {arrowhead). Scale bar = 50 pm; (8) Pre-equatorial
region, lateral view, where the stichocytes (s) end and the vulva with its vulvar appendix (arrowhead). Scale bar = 100 pmy;
{C) Uterus with eggs (e) with clearly visible polar plugs. Scale bar = 50 pm; (D) Posterior extremity, lateral view; the anal opening
Is observed (arrowhead). Scale bar = 50 um; (E) Posterior extremity of the male, lateral view; the base of the spicule (arrowhead)
and extruded spicular sheath (ss) can be cbserved. Scale bar = 200 pm (F) Base of the spicule (arrowhead). Scale bar =50 pmy;
(G} Posterior extremity of the male, lateral view, lobe with a delicate membrane (*). Scale bar = 20 um; (H) Distal end of the
spicufe with a rounded tip and the presence of a thin membrane at its apex (arrowhead). Scale bar = 50 pm. s = spicule;
55 = spicular sheath; sc = spicular canal; ed = ejaculatory duct; sv = seminal vesicle,
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Capilanidae in Muscovy ducks

Two glandular ceils were observed at the esophageal-intestinal junction. Lateral and ventral baclllary bands
extended for almost the entire body length in both sexes (Figures 1A-B, G).

Male measurements (based on 20 specimens with an extruded spicular sheath, holotype measurements in brackets)
were as follows: body length, 14.7 (11.8-15.8) mm [15.3 mm); maximum width at the esophageal-intestinal junction,
43 (36-51) [45]; muscular esophagus measuring 335 (256-366) [338] * 14 (13-15) {15] wide; badllary bands lateral
and ventral to the body; total esophagus length, 5.7 (5.0-6.2) mm [6.2 mm], representing 39 (35-41) % [41%]
of the bady length; stichosome length, 5.4 (4.7-5.9) mm [5.9 mm]; the number of stichocytes, 41 (37-41) [39]
13(7-17)[7] ransverse rings. The nerve ring was situated 69 (41-70)[70] from the anterior extremity, They exhibited
a single, heavily sclerotized spicule measuring 1.7 (1.5-1.7) mm [1.6 mm] x 22 {16-23) [23] wide, representing
12{10-11) % [10%)] of the body length, with a spinous spicular sheath measuring 280 (123-433){286] x 18(13-16) [16),
The sheath was not spiny at the base. A well-developed spicular canal was observed. The proximal end of the spicule
was expanded, and the distal end was rounded, with rough transverse grooves observed on the spicule surface.
The caudal end was rounded and bifurcated in ventral and dorsal views, without a pseudobursa, supporting two
large, round ventrolateral lobes containing a pair of sessile ventrolateral pre-cloacal papillae and aterminal cloacal
opening (Figures 1F-G, 2E-H, 3A-F).

Female measurements (based on 20 gravid specimens, allotype measurements in brackets) were as follows:
bodylength, 23,1 (16.7-28.6) mm [24.6 mm]: maximum width at the esophageal-intestinal junction, 45 (38-53) [45];
bacillary bands lateral and ventral to the body; total length of the esophagus, 6.7 (5.4-8.0) mm [7.9 mm), representing
29 (26-33) % [32%] of the bedy length; length of the muscular esophagus, 380 (335-445) [401) x 15 (13-20) [13]
wide; stichosome length, 6,3(5.1-7.6) mm {7.4 mm]; the number of stichocytes, 40(37-42) [40), with 14 (11-23)[12]
transverse rings. The nerve ring was situated 72 (46-95) [76] from the anterior extremity, The pre-equatorial
vulva was located 7.7 (5.5-12.0) mm [7.9 mm] from the anterior extremity, with vulvar lips exhibiting appendages.
The vagina was short and muscular, Eggs were barrel-shaped and arranged in a single row near the vulvar
passageway, measuring 42 (35-48) [42] x 20 (18-22) [20] with projecting polar plugs. Females exhibited rounded
caudal ends with a subterminal anus (Figures 18-D, 2B-D, 4A-E).

Molecuiar and phylogenetic analyses

The partial rONA sequence obtained for Capillaria cairina n. sp. was 1750 bp in length and is available in GenBank
(OP720889). Thirty-one taxa were used for the comparison, and the outgroups were H. contortus and H. placel.
Among these, four large, well-supported clades were farmed as follows: A (Capiliaria), B (Eucoleus Dujardin, 1845),
C (predominantly Aonchotheca Lopez-Neyra, 1947), and D (Baruscapiliario Moravec, 1982), A BLAST search revealed
that the nucleotide sequences with the highest similarity were those of Capillaria pudendotecta Lubimova, 1947
(accession numbers LCO52338 and LC0523389), observed in swans in Japan, with 95.45% and 95.53% similarity,
respectively, and of Capillaria spinujosa{Linstow, 1890) (accession numbers LC424%99 and LC425000), in domestic
birds from Indenesia and Japan, with 95.32% similarity. Clade A formed two subclades, A1 and A2, in which
parasites belonging to the genus Capilloria were observed in the following hosts: Anseriformes (Anatidae),
Galliformes (Phasianidae), Passeriformes (Corvidae), and Accipitriformes (Accipitridae), with infection sites in
the ceca and small intestine (Figure 5},

Remarks: The analysis of clade A and subclades A1 and A2 was performed, as the parasites were of the same
genus as those In our study and differed due to the morphological characteristics observed in Tabie 1, with SEM
and molecular biology being fundamental for the identification of Capiliaria cairina n. sp.

Capillaria cairina n, sp., observed in subclade A1 in this study, formed a sister clade with C. spinulosa with a
genetic distance of 6%, which can be justified as these parasites infect hosts of the same Anseriformes order and
Anatidae family. Capillaria cairina n. sp. has morphological characteristics that distinguish it from C. spinufosa
(Table 1), and it is the only family in this dade to occur in the ceca and large intestine of Muscovy ducks in Brazil,
In this subclade, C. pudendotecta had a genetic distance of 6.4% to the results of our study. However, the only
similarity was observed in Anseriformes and Anatidae birds,

Subclade A2 contained Capillaria anatis (Schrank, 1790), Capillaria madseni Wakelin, Schmidt & Kuntz, 1970,
and Capillaria tenvissima (Rudolphi, 1803) (with genetic distances of 16%, 17.1%, and 21,8%, respectively),
which are parasites of Galliformes observed in the ceca and small intestine. In contrast, Accipitriformes and
Passeriformes birds from Japan and Germany were infected only in the small intestine, thus differing from
in our study.
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Figure 5. Bayesian phylogenetic tree based on SSU rDNA sequence obtained from Capiflaraa cairing n. sp., compared to that of

other capillariids. Node numbers represent probability values calculated from Bl/bootstrap ML values (> 50%). The scale bar
Indicates the number of mutations per site. Data are displayed with the species names, followed by the images of the hosts,

Taxonemic summary

Host type: Calrina moschata (Anseriformes: Anatidae).

Host site: large intestine and ceca,

Location: Municipality of Soure (00° 43" 00" §; 48" 31" 24" W), State of Para, Brazilian Amazon.

Parasite data: prevalence, 47.4%; total worm recovery, 197; intensity, 2-38 (10.9 on average); abundance, 5.18.

ZooBank registration: To comply with the regulations set out in Article 8.5 of the amended 2012 version of
the International Code of Zoological Nomenclature (International Commission on Zoological Nomenclature, 2012),
details of the new species have been submitted to ZooBank. The Life Science identifier (LSID) for Capillaria cairina
n. sp. Is urn: Isid: zoobank.arg:pub: XXXXX

Etymology: The specific name cairina (genitive) is related to the generic name of the host bird (Cairina).

Discussion

Barus et al. (1978) recorded three species of Capilioric parasitizing piscivorous birds from Europe and Asia
based on the site of infection and length of the maie's spicular sheath, Thus, the species C. anatis, Copillario spirole
(Molin, 1858) Travassos, 1915, and Capillaria contorta (Creplin, 1839) were identified parasitizing birds of the orders
Podicipediformes, Podiceps grisegena (Boddaert); Anseriformes, Mergus mergonses (Linnaeus) and Mergusserrator
(Linnaeus). and Charadriiformes, Larus argentatus {Pontoppidan), Larusminutus (Pallas), Larusridibundus {Linnaeus),
Hydroprogne caspia (Pallas), Thalasseus sondvicensis (Latham), and Sternula albifrons (Pallas). Despite the wide
distribution of these parasites in birds, few studies still identify these capillariids at the specific level (Daret al,, 2013;
Stapfetal, 2013; Carvalho et al,, 2019).
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Capilaridae in Muscovy ducks

According to Moravec {1982) and Vicente et al. (1995), the genus Capillaria has the following diagnostic
characteristics: the caudal lateral wings are absent in males; the posterior end of the male is rounded and
equipped with two lateral lobes, located ventrolaterally or dorsolaterally. This genus lacks a membranous
bursa, and sessile pre-cloacal papillae are often observed. These nematodes exhibit a sclerotized spicule and
spiny spicular sheath, and they may or may not exhibit a vulvar appendix, They are intestinal parasites of
fish, amphibians, reptiles, birds, and mammals, with thetype species being C. anatis. The parasite observed
In €. moschata in this study exhibited characteristics of Copillaria. Barud et al, (1981) identified C. anatis
In Anas acuta (Linnaeus) and observed that the posterior end of the male forms a pseudobursa with a smooth
cuticle and that the base is formed by two well-developed and rounded lateral processes, with a rounded
doacal opening located ventrally. The species identified in our study had a pair of sessile, longitudinally
elongated pre-cloacal papillae, transverse cloacal openings, and lobes without pseudobursa; however, each
had a well-marked membrane (Figure 2G).

By light microscopy, the parasite seemed to be similar to C. anatis, C. spinufosa, and C. pudendotecta. However,
with SEM, our capillariid showed three bacdillary bands (lateral and ventral), a delicate membrane in each
lobe, and a pair of elongated pre-cloacal papillae, which differed from the descriptions of C. anatis reported
by Barus et al, (1978, 1981), They observed microscopically the posterior end of males, and they couid observe a
delicate membrane between ventro-lateral lobes, called "pseudobursa,” and a pair of short pre-cloacal papillae in
males, The description differed from that of C. spinulosa, provided by Mettrick {1959} and Sakaguchi et al. (2020),
who observed males with a caudal end showing two small, non-elongated papillae, Oyarzun-Ruiz et al, (2019)
identified the presence of a spiny sheath with a distal expansion without a thorn in males of C. pudendotecta,
which differed from the description of males in our study (Figure 4F) since the absence of spines was at the
base of the sheath,

All female specimens in our study were morphologically similar to €. pudendotecta described by
Cyarzan-Ruiz et al. (2019), with a small vulvar appendix. However, they could be easily distinguished from C. anatis
and C. spinulosa described by Baru$ et al. (1981), Tanveer et al, (2015), and Yevstafieva et al. (2020). They identified
fernales without a vulvar appendix, and Metirick (1959) and Sakaguchi et al. (2020) reported that C. spinulosa
females had a vulva without a vulvar appendix, These differed from the females in our study but corroborated
Moravec's (2001b) observations, who reported that capillariid females may or may not have a vulvar appendix,
Thus, the organisms identified in this study differed from those already registered (Table 2).

Tamaru et al. (2015) and Sakaguchi et al. (2020) recorded . pudendotecta and C. spinulosa, respectively, only
In the ceca of Anas platyrhynchos var. domesticus (Linnaeus), Anser cygnoides domesticus (Linnaeus), and Cygnus
olor (Gmelin). The morphometric comparisons with other capillariids that parasitize the large intestine and
ceca of birds are described in Table 2. Yevstafieva et al. (2020) reported specific morphological characteristics
and blometric parameters of male and female C. anatis observed in A. platyrhynchos raised on poultry farms in
Ukraine. As reported by Moravec (1982, 2001b) and Melnychuk et al, (2020), males have characteristics such as
a pseudobursa, spicules, and spicular sheath ornamentation, and in females, the morphology of the vulvar area
and eggs in the uterus should be considered.

Cram (1936) and Maravec (2001b) considered the shape and arrangement of hypodermic cells (bacillary bands)
as a compiementary characteristic for the differentiation between genera and species of capillaries. In the capillariids
Identified in this study, three bacillary bands were observed in both males and females, which differed from those
observed in other species. In addition, the male was reported to have a spicular sheath with sclerotized spines
oriented toward the cloaca. The spines were sparse in the proximal part of the spicule sheath, whereas they were
more densely distributed in the middle and distal parts.

The morphotogical details of capillariids, such as the anterior extremity, bacillary bands, and tail, are not
visible under light microscopy (Moravec, 2001a; Moravec & Barton, 2018; Carvalho et al., 2019), In this study, we
observed the conical shape of the cephalic region with large and flat papillae in both males and females using
SEM. Females have a well-defined vulvar appendix and a pair of papillae close to the vulva. In addition, a large
“rectangular” area without a bacillary band was observed around the vulva. The tail of the male exhibited a pair
of thin and elongated paplllae, a spicular sheath armed with small spines, and three baclllary bands, with the
ventral bacillary band being wider Infemales, None of these aspects have been previously reported in capillariid
species and are described for the first time in the genus Capillaria in our study (Figures 3C-D),

The descriptions of many capillariids and the establishment of unjustified new genera within the family
Capillariidae have confused the taxonomy and systematics of this group of parasites (Moravec et al., 1981).,
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Sakaguchi et al. (2020) constructed a phylogenetic tree based on the SSU rDNA nucleotide sequences of representative
species of the Caplliariidae family reported in birds and mammals. All species shown inthe tree were grouped according
to the genera described by Moravec (1982), confirming that the morphological classification in our study matches
the species identified in the phylogenetic analysis of Sakaguchi et al. (2020). Phylogenetic analyses have become a
complementary part of studies involving species identification, thus establishing current genetic relationships between
caplliariid species. This helps elucidate thelr complex taxonomy and phylogenetic arrangements to corroborate the
existing taxonomic classification (Tamaru et al., 2015; Borba et al,, 2019, Deng et al., 2021).

The pairwise genetic distance between our isolate and C. spinulosa was 6%, this distance is considered high
because most distances between capillariid species belonging to the same genus are less than 1%, according to
Tamaru et al. (2015), Sakaguchi et al. (2020) and Garbin et al. (2021). Sakaguchi et al. (2020) noted that integrative
approaches are highly recommended for identifying capillanids. Thus, in the phylogenetic tree constructed in our
study, the species were grouped according to the site of infection, order, and host family. These factors determine
the degree of proximity between the Capillaria species analyzed In this study,

Conclusion

Through morphelogical, morphometric, and phylogenetic analyses of the capillariid nematodes in our study,
we identified a new species, Capfiloria cairina n. sp., which parasitizes the large intestine and ceca of C. moschata.
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Abstract

The genus Baruscopilloria Moravec, 1982 has six valid species recorded in birds Phalacrocoracidase, namely
Baruscopiliorio appendiculata Freitas, 1933, 8. spicuioto Freitas, 1933, B. carbonis (Dubinin & Dubinina, 1940)
8. joenschi (johnston & Mawson, 1945), 8. phalacrocoraxs (Borgarenko, 1975} and 8. rudoiphi Moravec, Scholz
and Nadincova, 1994. Helminthological tests carried out on cormorants of the species Phalacrocorax brasilionus
{Gmelin), a3 migratory bird that occurs in the northeast of the State of Para. Brazil demonstrate 8. gppendicufatn
parasitizing the cloaca of these birds, through light microscopy, scanning electron microscopy and molecular
biology. These studies allowed a redescription of males and females of this nematode i these hosts and in this
geographical area through integrative taxonomy. The occurrence of lesions in the cloaca caused by thisnematode
parasite was registered using histological analysis. This is a new geographic repart for this nematode.

Keywords: Suliformes, Phalacrocoracidae, Capillariidae, Brazilian Amazon.

Resumo

O género Baruscopilaria Meravec, 1982 possul seis espécies validas registradas em aves Phaacrocoracidae,
sendo Baruscopilaria oppendiculata Freitas, 1933, 8. spicufata Freitas, 1933, & corbonis (Dubinin & Dubinina,
1940), 8. jaernischi Johnston & Mawson, 1945), 8. phalacrocoraxi (Borgarenko, 1975) e 8. rudolphil Moravee, Scholz
& Nadincovad, 1994, Exames helmintoldgicos realizados em mergulhdes da espéoe Phalacrocorax brasilionus
(Gmelin)., aves migratdrias que ocarrem no nordeste do Estado do Pard, Brasil, demonstram 8. oppendiculate
parasitando a doaca dessas aves, através de microscopia de luz, microscopia eletronica de varredura e biologia
molecular. Estes estudos permitiram uma redescrigdo de machos e fémeas deste nematodeo, neste hospedeiro e
nesta & ea geografica, atraveés da taxonomia integrativa. Foi registrada a ocorréncia de lesbes na cloaca causadas
pdo parasitismo desse nematodeo, por meio de andlse histolégica, sendo um novo registro geogrdfico para ele

Palavras-chave: Suliformes, Phalacrocoracidae, Capillariidae. Amazdnia brasilelra.
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Introduction

The nematodes of the superfamily Trichinelloidea represent a large group with varied morphological and
biological characteristics, Most species parasitize all vertebrate taxa, and affect various organs of the body
(Moravec, 2001). Birds of the Phalacrocoracidae family have continental and coastal aquatic habits. They use these
environments for reproduction and feeding and have a mainly piscivorous diet. There are few references in the
literature regarding the fish species that constitute their diet (Placentini et al,, 2015; Oliveira et al,, 2019).

Several studies on Baruscapiliaria Moravec, 1982 of Phalacrocoracidae birds have been carried out and recorded.
These Include Baruscopiilaria carbonis (Dubinin & Dubinina, 1940) in Phalacrocorax carbo (Linnaeus) in the Czech
Republic, and in Phalacrocorax brasilionus (Gmelin) in Chile (Moravec et al., 1994; Frantova, 2001; Gonzalez-
Acufia et al, 2020), 8. jaenschi (Johnston & Mawson, 1945)in P, carbo, P. sulcirostris (Brandt), Microcarbo melanofeucos
(Vieillot), P, fuscescens (Vieillot) in Australia, B. phalacrocoraxi (Borgarenko, 1975) in P, pygmeus (Pallas) in the Asia
(Baru$ & Sergejeva, 1990b; Johnston & Mawson, 1945), 8. rudoiphil Moravec, Scholz & Nasincovd, 1994 in P. carbo
In South Moravia and the Czech Republic(Moravec et al., 1994; Moravec & Scholz, 2016), &. spiculota (Freitas, 1933)
Moravec, 1982 in P, brosilianus in Argentina (Garbin et al, 2021). And in Brazil, Monteiro et al. (2011) identified
8 appendiculata Freitas, 1933 in P, brasilianus.

The goals of this study were therefore to report on B. gppendiculata parasitizing P. brasilionus on Marajo
Island, State of Para, Brazil, and to provide an integrative taxonomic species redescription, bringing together the
morphological and morphometric data, using optical and scanning electronic microscopy, and molecular analyses,
using the partial 185 rDNA gene. Additionally, we present a histopathological analysis of fesions caused by this
capillariid on the cloaca of this bird.

Material and Methods

From 2020 to 2022, ten specimens of P, brasilianus were abtained from birds found trapped in fishing nets or
trapped in fishing pens in the municipality of Soure (0* 13'55" S; 48° 26' 58" W), Marajo Island, State of Para, Brazil,
The research has a license from ICMBIo/SISBIO n° 74195 and license n° 6309230520 from the Ethics Committee in
the use of animals. Only the organs of the digestive tract were sent frozen to the laboratory for a search for parasitic
helminths. In the laboratory, the organs were separated and placed in Petri dishes with 0.9% NaCl saline solution
and examined individually with the aid of 3 stereomicroscope (Leica ES2) in search of parasites. The taxonomic
classification of nematodes was in accordance with Vicente et al, (1995), Moravec (1982), Moravec (2001), De Ley
& Blaxter (2002) and Gibbons (2010). The ecological indices of parasitism were analyzed according to Bush et al,
(1997), Bautista-Herndndez et al, (2015) and Reiczigel et al. {2019).

The harvested nematodes were washed in 0,9% NaCl, fixed in AFA solution {93 parts of 70% ethyl alcohol, 5 parts
of formaldehyde and 2 parts of glaclal acetic acid) for 24 hours and then stored in 70% alcohol.

Light micrascopy

For light microscopy, nematodes were carified in 0.5% Aman's Lactophenol selution and observed under a
Leica DM2500 microscope with a drawing tube and photographed under a Leica DM2500 microscope with Leica
camera system type DFC310 FX with Leica Application Suite Software V4 4. and stored in glycerin alcohol (70%
ethanol with 5% glycerin). Measurements are given in micrometers unless otherwise noted and are given as means
followed by ranges in the parentheses.

Scanning electron microscopy

For scanning electron microscopy (SEM), forty-five nematodes were fixed in 3% Glutaraldehyde and washed in 0.2M
phosphate buffer solution. Each one waswashed for one hour, then post-fixed in 1% Osmium Tetroxide, dehydrated in
progressive akcohol for one hour each (S0%, 70%, 80%, 90%, 100%), and dried at the CO, critical point of, metalkzed with
paliadium-gold and cbserved in a TESCAN scanning electron microscope model VEGA 3 as per Carvalho et al. (2022).

Molecular analysis

For molecular and phylogenetic analyses, 30 nematodes were used. The helminths were extracted from
the doaca and fixed in absolute alcohol, Total DNA was extracted with an Invisorb* Spin Tissue Mini Kit (Invitek
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Molecular, Berlin, Germany), following the manufacturers instructions. The SSU rDNA sequence was amplified
with forward primers 185-E (5-CCGAATTCGTCGACAACCTGGTTGATCCTGCCAGT-3) and reverse primer 185-A27 (3™
CCATACAAACGTCCCCGCCTG -5 (Olson & Caira, 1999), The final polymerase chain reaction volume was 25 L,
containing 1 ng of DNA template, 20mM Tris pH 8.4, 50mM KCl, 2mM dNTP (Invitrogen®), 1mM Mg2Cl, 0.5 pmol
of each primer and 0.2 units of Tag DNA polymerase (Invitrogen*). The amplification profile consisted of 5 min of
Initial denaturation at 95 °C, followed by 35 1 min cycles of 3t 94 °C, 1 min at 60 °C, and 1 min at 72 *C, followed
by a final extension of 7 min. at 72 *C to polymerize any molecuies that might have become dissociated from the
polymerase prior to complete fragment synthesis.

The amplicons were submitted to electrophoresis in 1.5% agarose gel and purified with ExoSAP-ITTM (GE
Healthcare, UK) and guantified using Nanodrop equipment (ThermoFisher, CA, USA). The samples were sequenced in
the Applied Biosysterms™ 3500 Genetic Analyzer (ThermoFisher, CA, USA), generating approximately 700 nucleotides
for each sequence. The primers that were used to obtain the amplicons, were also used for sequencing.

The nucleotide sequences obtained from the samples were edited and aligned using the BioEdit software
(Hall et al, 2011), After comparison with other sequences available in GenBank (BLAST search), the SSU rDNA
sequence was aligned with the sequences of 18 species of capillariids available in GenBank. The database includes
sequences from Trichuris swis (Schrank, 1788) and Trichuris muris (Schrank, 1788), which formed the outgroup for
the phylogenetic analyses. The consensus sequence of nucleotides reported in the present study is available in
GenBank databases.

Bayesian Inference (81) and Maximum Likelihood (ML) was implemented using the Markov Chain Monte Carlo
(MCMC) phylogenetic tree, implemented in MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003), This analysis was based
on two parallel runs of four simultaneous MCMC searches of five million generations each, with one tree being
sampled every 250 generations, after discarding the first 1000 trees. The remaining trees were analyzed with
MrBayes to estimate the posterior probabillity of each node In the phylogenetic reconstruction. As indicated by
JModelTest 2.1.9 (Darriba et al,, 2012), the Bl analysis assumed a TIM3ef + | + G model of nucleotide substitution,
with the estimated base frequencies (A = 0.2573, C = 0.2202, G = 0.2821 and T = 0.2404}, replacement model
(A-C = 0.5953, A-G = 2.2582, A-T = 1.0000, C-G = 0.5953, C-T = 33969, G-T = 1.0000) and local varniables after a
gamma distribution (G = 0.5840), there were 88 models at the 100% confidence interval. Genetic distances were
determined for the SSU rDNA sequences of capillariid species in PAUP 4.0 (Swofford, 1998),

Histological processing

Three tissue fragments containing parasites inserted in the cloaca were fixed in 10% formaldehyde, dehydrated
inincreasing concentrations of 70%-100% ethanol, for 1 hour each and clarified in xylol in two baths, for 30 minutes
each, Paraffin infiltration was performed with three successive baths in liquid paraffin for 20 minutes each inan
oven at 60 °C followed by indusion, after which they were sectioned into 5 um thick sections using a ZEISS HYRAX
M25 microtome (Tolosa et al., 2003). They were then stained with Hematoxylin-Eosin and Massorys Trichrome,
and the images were obtalned using a Leica DM 2500 microscope with a digital camera coupled to a LEICA type
DFC310 FX with Leica Application Suite V4.4 software.

Voucher specimens were deposited in the Colecdo de Invertebrados do Museu Paraense Emilio Goeldi (MPEG),
Belém, Pard, Brazil: 5 males (MPEG.PLA 000389), (MPEG.PLA 000390), (MPEG.PLA 000391), (MPEG.PLA 000392),
(MPEG.PLA 000393) and 5 females (MPEG.PLA 000394), (MPEG.PLA 000395), (MPEG.PLA 000396), (MPEG.PLA
000397), (MPEG,PLA 000398).

Results

Search data

A total of 142 nematodes were recovered from P. brasilianus with a prevalence of 80% (8 Infected hosts out of
10 analyzed). This means a prevalence of 80%, mean intensity 17,75, mean abundance 14.2 and range of infection
1 to 45 nematodes per bird. All specimens collected showed characteristics compatible with 8. oppendiculata
(Fredtas, 1933) Moravec, 1982 The parasites were found embedded in the epithelium of the cloacal mucosa. Below
are the resuits of the taxonomic identification of this nematode, performed using morphological, morphometric,
molecular, and phylogenetic analyses, as well as analyses of the histopathelogy of its parasitism,
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Nematoda

Enoplea Inglis, 1983

Trichinellida Hall, 1916

Capiliariidae Railliet, 1915

Baruscapillaria Moravec, 1982

Baruscopillaria oppendiculata (Freitas, 1933) Moravec, 1982

(Description based on light microscopy and scanning electron microscopy: Figures 1-5)

Long-bodied, threadlike nematodes with transversely striated cuticle. Anterior region containing twelve papillae
and a pair of amphids. Oral opening circular in shape. Short, narrow muscular esophagus. Nerve ring located in the
Initial partion of the muscular esophagus. Stichosome consisting of a single row of 43 elongated stichocytes with
distinct transverse rings; markedly large stichocytes nuclei and many nucleoli. Two pseudocoelomate glandular celis
present at the esophagus-intestine junction. Two bacillary lateral bands along the body in bath males and females.

Male (based on 10 specimens with exposed sheath): Body length 14 mm (11-16); and maximum width at the
junction between the esophagus and intestine of 48 (40-70). Length of muscular esophagus 323 (267-370) x 14(13-17),
of stchosome 4.82 mm (1.97-6.34), number of stichocytes about 9 (7-14), stichocytes with distinct transverse rings;
large stichocytes nuclet, Length of entire esophagus 5.14 mm (4.90-6,84), representing 39% of body length, Nerve
ring situated 66 (43-80) from anterior end. Spicule single, sclerotized, measuring 2.07 mm (1.96-2.29) x 10 {8-12);
proximal end of spicule rounded. Aspinous spicular sheath, transverse striations, widely spaced and almast smooth
In some reglons. Posterior end of body truncated, with two distinct, rounded ventrolateral lobes and a pair of large
papillae containing @ membrane on each papilla. Terminal cloacal opening. Membranous bursa present.

Figure 1. Baruscapiioria appendicuota from Phalacrocorax brasifianus. A, Anterior end of the female. Scale bar=20um, B, Cephalic
region containing twelve pairs of cephalic papillae, one pair of amphids, and simple labia (reconstructed from SEM micrograph).
Scale bar= Zum., C. Stichocytes with large nuded and numerous nudeoll. Scale bar= 30pm. D. Intestinal esophagus junction,
shown vulva and wilvar appendix. Scale bar=30pm. E. Female’s tall, lateral view. Scale bar= 20um. F, G. Region of the base of
the spicule and the tip of the spicule, respectively. Scale bar= 40pm. H. Male’s tail ventral view. Scale bar= 10um. 1. Male’s tail,
laterai view. Scale bar=10pm.
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Figure 2. Light microscopy of male Baruscopilaria appendicuioto. A, Anterior extremity, cephalic region, Scale bar= 50pm. B.
Anterior end, note stichocytes (s} and stichocytes nucleus n). Scale bar= 100pm. C. Intestinal esophagus junction, note the
esophageal glands (yellow arrowhead), Scale bar= 50pm, D, Posterior end of male, base of spicule (black arrowhead) and
beginning of spicular sheath (green arrowhead) showing transverse striations. Scale bar= 50um, E, Spicutar sheath containing
transverse strigtions, more compact transverse striations can be seen in the proximal section (black arrowhead). Scale bar=
S0pm. F. Second cut with transverse striations becoming looser (red arrowhead), Scale bar= 50um. G, Note tip of spicule (s) and
distal segment with transverse striations becoming wider and looser when the spicular sheath is extruded (black arrowhead).
Scale bar= 50pm. H. Posterior end, the male's tail can be seen with shightly later alized caudal lobes (yellow arrowhead) containing
a membranous bursa (*) and exposed spicular sheath (ss), Scale bar=50pm,

Female (based on 10 gravid specimens): Body length 25 mm (21-29); and maximum width at the junction
between the esophagus and intestine of 62 (53-82). Length of muscular esophagus 452 (348-523) x 18 (17-23),
of stichosome 5.68 mm (4,68-7.21), number of stichocytes about 43 (39-46), stichocytes with distinct number of
transverse rings; large stichocytes nuclei. Length of entire esophagus 6.15 mm (5.17-7.44), representing 24% of
body length. Nerve ring situated 87 (67-130) from anterior end. Distance from the end of the stichocytes to the
vulva 130 (58-233). Long vulvar appendage 64 (S0-78). Eggs arranged in a single row near the exit of the vagina.
Barrel-shaped eggs 43 (42-47) x 21 (20-23), with slightly protruding polar plugs. Egg wall with thick hyaline layer,
thin superficial crenate outer layer. Caudal end rounded, anus subterminal,

Molecular charactenzation and phylogenetic analysis

The rONA gene sequence obtained for 8. appendiculata was 1744 bp long and is available on GenBank (accession
n°® OPB828910). A BLAST search revealed that the nucleotide sequences with the greatest similarity were those of
8B, spiculato (accession n® MT068209) described in a grebe from Argentina with 98.83% similarity, and Aonchotheca
putorii (Rudolphi, 1819) (accession n® MT127177) in a mammal from Japan, with 97.32% similarity.
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ﬁms. Light microscopy of fanale Bamxapllanaoppm*cdam A.Arunor emrmty cephalu: regm(uad(arrmnnead). Scale
bar= 50um. B, Intesunal esophagus junction, note stichocytes (s), esophageal glands (eg). vulva with vulvar appendage (black
arrowhead) containing an egg and uterus (u). Scale bar= 100um. C. Stichocytes with large nucleus and nudeoli inside (sn). Scale
bar= 50um, D. Posterior end, anus (3). Scale bar= 50pm. E. Embryonated eggs (€} in utero, Scale bar= 50um,

Molecular characterizations available for Baruscapiilaria show the type species B, obsignata (Madsen,
1945), and the species B, spiculata in which the 185 rDNA region was amplified. Therefore, we performed a
phylogenetic study to confirm the taxonomic status and generic attribution of our research species, The isolate
in the present study showed 98.83% identity with B. spiculato. The pairwise genetic distance between the
isolates was 0.010 (Table 1). Consequently, these specimens can be considered to belong to the same genus,
Baruscapiliaria,

Phylogenetic analysis based on 18 18S rDNA sequences from Capillariidae species was performed by Bl and
ML producing well-resolved topologles (Figure 6). Paired DNA analyzes showed genetic distances between the
studied taxa ranging from 0.010 to 0.252. The values between B. appendiculata (Present study) and 8. spiculata
MTD68209 (0.010) were the lowest observed (Table 1).

The isolate from present study formed a well-supported clade A with isolates of A putorii, A. musimon,
A sp,, A paronalis forming the Al subclade, which are parasites of mammals in jJapan and Poland. 8. obsignata
and 8. spiculata, which are parasites of chickens, pheasants, and ducks in Kagoshima and Yamaguchi in Japan,
and cormorants in Argentina formed A2 subclade (Tamaru et al,, 2015; Garbin et al, 2021). In the A2 subclade
8. appendiculata of the present study formed a sister clade with 8. spiculeta having 0.010 of genetic distance
(Table 1), although both present a host in common. 8. appendiculata has morphological characters in the spicular
sheath that distinguish it from 8. spicu/ata. Still in this subclade 8. obsignata has 3.9% of genetic distance in refation
to present study, although the only similarity is that they all belong to the same genus.
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Figure 4. Scanning electron microscopy of male Baruscopilorio oppendiculata from Phalacrocorax brasifianus. A. Button-shaped
anterior end, simple lips (*), presence of amphids (green arrowhead) and twelve pairs of cephalic papillae (wihvte arrowhead)
Scale bar= 2um. B. Lateral bacillary band {bb). Scale bar= 20pm. C. Tail, vertrolateral view, observe the bacillary band (bb), papillae
(white arrowhead) In each lobe and membrane surrounding the cloaca (yellow arrow) and ventralmedial face of the caudal lobes
Interconnecting the papillae, cloaca (blue arrowhead). Scake bar= 20pm, D. Posterior extremity, lateral view, membranous bursa
|white arrowhead) is observed. Scale bar= 20pm. E. Tail, ventral view, wath transverse striations spicular sheath (ss) exposed
caudal lobes (*) containing one large papilla each (red arrowhead) where these papillae have a membrane surrounding the cloaca
and lobes (white arrowhead). Scale bar= 10pm. F. Dorsal view of the membranous bursa (white arrowhead). Scale bar= 10pm

Histological analysis

In the fresh tissue samples examined by light microscopy it was possible to observe numerous parasites in the
cloaca mucosa and hyperemic areas resulting from this parasitism. in the histological section, males, and pregnant
females of 8. appendiculata were shown with plasmocytes, some lymphocytes and eosinophils, characterizing a
moderate inflammatery infiltrate. We observed that the lesion Is predominant in the mucous layer where the
females are inserted in their tunnels and can transpose the muscularis mucosa and affect the submucosa (Figure 7).

Discussion

According to Moravec (1982), the genus Baruscapillaria is diagnosed as having well-developed membranous
bursa supported on both sides by one or two small, rounded lobes narrowed at the base; each lobe has a minute
projection, usually ventraily folded and a long. weil-scierotized spicule, with a non-spiny spicular sheath. They
are parasites of the intestine and stomach of birds and mammals. Freitas (19333, b} in the original description of
8, appendiculata described males as having a posterior end provided with two lobes in the form of an “L* invoived
in a rudimentary caudal bursa and smooth spicular sheath, and as parasites in the large intestine of P. brasilianus
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Figure 5. Scanning electron microscopy of female Boruscopiliorio oppendiculata of Phalecrocorax brasdionus. A. Button-shaped
anterior end, simple lips (*), presence of amphids (yellow arrowhead) and cephalic papillae (white arrowhead). Scale bar= 10pm
B. Lateral bacillary band (bb). Scale bar= 10um. C. Lateral view of the fermale's bacillary band (bb), vulva region and well-developed
vulvar appendix (white arrowhead). Scale bar= 20pm. D. Dorsal view of the female showing the ventral surface of the vulvar
appendix (va), Scale bar: 20pm, E. Lateral view of the female’s tad, badllary band (bb) and anal opening (whate arrowhead), Scale
bar: 20um. F. Ventral view of the tail, note the anal opening (blue arrowhead). Scale bar= 20um

in Rio de [aneiro. In the description of 8. spiculata, the male presented a posterior end with four papiliae on the tail
and the sheath presents spiral striation, distinct throughout most of its extension and parasitizing the cloaca of the
same host. In our study, the morphological analysis made it possible to report 8. appendiculata in P. brasilianus,
in which the characteristics of the sheath were of major importance for comparison with the species described
by Freitas (19333, b)

Moravec (1982) proposed a new systematic arrangement in the Capillariidae family, reclassifying {according
to morphological characters) Capiltaria oppendicwlato, originally described by Freitas (1933a), to 8. oppendiculata.
Barus & Sergejeva (1990a) registered a new genus called Ornithocapillana, including only species that parasitized
the intestine of birds of the orders Passeriformes, Falconiformes, Strigiformes, and Piciformes. Moravec et al
(2000) used the generic epithet Ornithocapillario to describe specimens found in fish as O. oppendiculota. Later in
his book, Moravec (2001) listed O. appendiculata as a synonym of 8. appendiculata, the most current classification,
However, we still find divergences regarding the nomenciature used in different studies (Monteiro et al,, 2011;
Garbin et al,, 2021). The present study corroborates the identification of 8. appendiculata parasitizing P. brasilianus,

vith the cloaca being the site of infection

In the most recent study, Garbin et al. (2021) redescribed 8. spicufata in P, brasilianus from Argentina, with a
spicular sheath marked by four distinct regularly patterned sections, subterminal cloacal opening and caudal end
with a well-developed membranous bursa, In the present study was observed many morphoiogical similarities
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Figure 6. Bayesan phytogenetic tree based on the 185 rDNA sequence obtained from the SSU rDNA analysis of Baruscopiiioria
oppendicata compared to other capilariids, Node numbers represent posterior probability values cakulated from Bl/bootstrap ML
values (> 50%). The scale bar indicates the number of mutations per sequence position. Data are displayed with names of species.

with what was described by the authors above, such as the shape of the caudal end of the male, However, when
comparing B. spiculata and B. appendiculata in the present study significant differences regarding the spicular
sheath (Figure 2D-2H). The specimens of B, appendiculato deposited by Freitas in 1933 (Freitas, 1933a) at CHIOC
were not available for consultation, and those deposited by other researchers from the same period were very
damaged, making visualization impossible.

Specimens of B. appendiculata capillariids were recorded by Moravec et al, (2000) in Chirostoma estor Jordan,
1880 and Cyprinus carpio Linnaeus, 1758; however, the authors repert that the occurrence In these fish suggests
that these nematedes may have been accdentally acquired while the fish were feeding on grebe droppings
containing nematodes. As a result, Moravec (2001)in his work rectified C, estor and C. carpio as accidental hosts of
8. appendiculata found in the intestine of these fish. This was confirmed in the present study, where we recorded
the adult forms in the cloaca of birds, and with pregnant females in all collections of P, brasilianus.

Monteiro (2006) recorded B. appendiculoto parasitizing the large intestine and cloaca of P, brasifianus in southem
Brazil; however, in the description of these capillanids they observed a non-spiny spicular sheath in males with three
distinct regions (reticulate, steflate, and helical), and presence of four bacillary bands, in both, Nonetheless, Garbin et al,
(2021) anatyzed the specimens described by Montewo (2006) and concluded that it could be 8. spicwlate and not
8. appendiculata. In the present study, the specimens were morphologically identified as 8. appendiculata, which has a
reticulate spicutar sheath and, as the sheath expands, the reticulate shape becomes more discrete, resembliing a smooth
sheath, which differs from 8. spiculata by not have four distinct sections in the spicular sheath, giving a spiral shape as
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Figure 7. Photomucrograph of histological section of the dloaca of Pholocrocorax bresitanus. A. Cross section of the doaca showing
the mucous layer (m), lamina propria (Ip) and submucosal layer (sm) with the presence of three cross sections of a Baruscopilioria
pppendicufota male {red arrowhead) and area with inflammatary infiltrate {*) in the submucosal layer (sm), Scale bar = 200pm.
Inthe insert is cbserved the male’s tail where s observed a cross section of the spicule (s). Scale bar = 25pm. Hematoxylin-eosin
staining. B. In the mucous layer, is cbserved cross-secuons of female B, appendiculata (black arrowhead). Scale bar = 100um, In
the insert there is a cross-section of the female with is observed bacillary {red arrowhead) and egg (green arrowhead) bands.
Scale bar = 20pum, Hematoxylin-eosin staining, C, Area of inflammatory Infiltrate, lymphocytes (yellow arrowhead), eosinophils
(green arrowhead) and plasma cells (black arrowhead). Scale bar = 20um, Hematoxylin-eosin staning. D. Mucous layer (m) with
pregnant females of 8. appendiculato causing great destruction of the layer (black arrowhead), without affecting the lamina
propria {ip). Scale bar = 200pm, Masson's trichrome stain,

-

originally described by Freitas{1933b) and reaffirmed by Garbin et al. {2021). The comparison of the marphological and
morphometric data of the present study with previously published Baruscapiiiaria species is shown in Table 2,

Garbin et al, (2021) state that a complete morphological examination is necessary and must be accompanied
by other approaches, including different molecular genetic analyses and evaluation of the geographic distribution
of hosts of several species. In the present research, it was necessary to confirm the difference through molecular
analysis, where the spedmens were identified as the species B. oppendiculato, since there was a genetic distance
of 0.010 in relation to B, spiculata and 0.039 in relation to 8, obsignata.

Sequencing and resequencing more species and large-scale comparative studies can also reveal and correct
misidentifications or mislabeled datasets as per Smythe et al. (2019).That s the case with Tamaru et al. (2015) who
carried out morphaiogical and molecular characterizations of species of the Capillariidae family, considering the
validity of the last classification of the family after the redefinition of Moravec (1982), based on male morphology
as the mostimportant morphological characteristic for separating the genera (Moravec, 1982; Gibbons, 2010). This
paper provides the first report of the DNA 185 sequence of 8, appendiculata parasitizing P. brasilionus.

Braz | Vet Parasitol 2023; 3X3) e007423 "y

83



84

Capilanidae in cormorants fram Brazd

“WUoN Bp @0
UES PUNFe] 'Sy SouSng; SIYJ-SID FUnBen Sasy SoUANg AOLRNE AU AQ PEPA0IE Sy, 00T L00Z ISP TURSWERLY, BANA AUl 01 snBeudoss (BUnSaILI FYI JO UOXDUNL PUS 3804 W0J | 3IURISK,
'SIRBUOORL Ul SIUBLAINSE. ‘uomunl jeusa-eadeytoss, UaBWIL U) SUBLRBINSEa, Bgunu ¢ 28Uy Lpog Ng sndeydess (o) 3] SnBeydosa sepsn S Yspw a0 e

WSO W66l YOLRIS REeT  ShEl Uoiman § U EEIREEST [SHRTE SR VO EEEL s PR WO Kpnis 50 wi ]
papouds  pmuscieg

[ ] o0 =l 4 o sauna; e

vt . - wrl - - wrr (13 W ma

u "t R

Llacd - - - - - - - - - - - - . w o AT

stteet & wiw Wi o we 3 - erTeei ofpmrody

Sl

Qv T LOELOAW Lt W . vy v o v war . o v LTy - st o2y

N av - . S0 . i T ovwe - NS

- - B - - - - - - - - - - - - L d Ly kiogng e

“wr - - - - - - - - - - - - - - ITEMY UL RO

alw

e res ®eer 09Ty . 0 e o9 - - WY meesy  eddes o

NCTES DS

7] - - - - - - v . - b - - - a-u o ]

it edeiden

e = = = c = = < = = = b - - 25 i ]

ofi-£5 ety 30 (0 Wiy

el

w o s (Lo * e 15 0% o »u ” &1 [ - 53 o Y2 tpzc s

mic (3 2o 108 £ n | =4C 1q) L et 0 ) KRocoeni L0215 194 ree " LU WIar oo Lt LIS 411 Szon oy

oy

‘awranvy

- .y wvenamye - an Iy il ap ey g e g oy v L A Aoy

wneauy 05 TR iy i B BRI sy e L] e ey
Py
-l ety el PR CTE L e cww wnA) Rt b b ] Adagimg pun ey o L EEE St S Aoy

PausIGna Asnownssd sa13a05 BLONIAD7N 08 (M
Apms wasaid ay) Ul Palajjod YZesg ‘pled JO LIS Ul SAUDYISOAG X0I020.00DY WaLY B10n3\pUadde ouyidodsniog jo uosuedwod eep Jusswoydiow pue K2ojoydiop 'Z ajqes

w7

Braz | Vet Parasitol 2023; 3X3) e007423



85

Huow Bp BRI
RS PuUnde] ‘Suly SOURNG: SIYD SR FUNGR T "Say SOUANG. “0LINe AAE AQ PIPIIEE SY, JOUG [00Z IRARLOW: WRILETL, BANA Mt 01 SNERUdess [BURSAIUL A4 JO LITDENE PUS 1U0.1) WOJ | FIURTSA.
TEIMBUOIL U SIUSLWBINSESN, UoMUN] [PusAU-EaSeytosT, SIASLIL L SUMLBINSeaK. Bqunu ¢ ‘Qiuy pog g sndeydosa eiog (3| Sndeydosa Jepnosnu S P o gidua)

FOT 10 puomieyry S w e man T s 1050w w——rvyy Edaade L) sermm
o " - asian 0
s wx Wtz e - sleu
T 01T w wz DULTT
- e U i
“» - R wew LD Ay
- e ' B a0 Sl Arere 3y
el Bl L davrwan wEIrewn - s 1] Badla
- 123 - L] L d e i e
~ LS arrery YT ey o WO esTTTE
R
usrav > Yy ey T s et oMY ey woens oy imyre pirg
[ e
< - L wn ]
e ST
e usom STy wrewr «ros v
e o Ll g ]
el
" - - Lo J »n R " wer - - mn e Sy amianrepy
el C e wEWY sl wEary e ety - 123 s " JOhw iy
swdtol wsmameeey et redvrse, owie| veonpetvy Ll Rl D Ll SISO o gy Seey Ll AL L
Sriiny ay Sl gy e ey L) -y CISTIE e SOOME |0 BT
Ty 3l U0 novao S Cesniy ) IRy 22 Ny ]
R d -n oamy -n Oy—y - sy il -y " — - .y
wanshye y Samoer i phiarmesen y ome e 3 arnuiny r—ution
“panunuo) 'z ajqex

Capilanidae in cormorants fram Brazd

1317

Braz | Vet Parasitol 2023; 3X3) e007423



86

‘Hubyy PP ped)y
uRs eunde] ‘sauny SOUSNE: SIND-SIYD FUNBe ‘Saury SOUANE, X0RNe I AQ PRpA0ISS Sy, YOG LODZ FARAOME WARLERI, TANA 1 01 SNERYFOSH [RUNISAIUI 34 1O VOMUNL PUS 100 LA FIUPIS.
‘SIANMUGINL U SIUSWRINESaN, uonun| [eulsau-eaSeytos], RlawL W SlUALAINSeaY, Bquny ¢ pndusy fpog 11 Sndeydose 103 23] SnSeydosa Jenosn S AP A ndus)

IIOF Ihaany § prensiig e LT o7 W g A g - nanyny

@ " may

o n wKig v e =13 e - wou

0 »r ol

ne W ey

e "rer mwewe o - - @wrwi D -

Ll

ey . R Sl ) e L oAby LA Wzear e anew dty

sy . ivaes L6iraen NN ;e . A wrewe D
u W o wa w. woi R

mweay necey 108 i 2 s g et} » iwraasmciang

L e L = "y wrxy e 2y [Cs e ey MWy e WIS ey I!ccl.h

W weve e

- - e o .

JO Bt

s Wi e s T = rEee PRt R

. "y Lin wi. - - Las L] - el Uiy

i

- Lol - Lo [ - - - "o me e A amtenw
Lo o @ LA L 15 2 TN 0 ) 4 wirmn waw MOT misrne My "= LARS Ll la) mwiame L] " J0demn oy

ey o ey ] e ey sl R LE Y sy whiwm oy ey vy ]
onsorny ——— e i mg ey eyt gy o ey o handalad ol )

LS L U g oo Aanory - ——y T =

———y ey g g meshres y st ¥ B >

Capilanidae in cormorants fram Brazd

“panunuo) 'z ajqey

"Wy

Braz | Vet Parasitol 2023; 3X3) e007423



Capilanidae in cormorants fram Brazd

In the present study the histopathologlcal analysis of the sections of the cloaca revealed injuries in the mucosal
layer, and Intense inflammatory Infiltrate due to the presence of nematodes, where plasmocytes, lymphocytes
and some eosinophils were observed in the muscular layer of the mucesa, That was due to the high parasitic
load of capillariids in the cloaca, differing from the types of cellularity present in the inflammatory infiltrate as
described by Pinto et al. (2008) recorded B. obsignata in Meleagris gallopavo (Linnaeus), which caused thickening
of the intestinal crypts and villl, together with a mild infiltrated mixed inflammatory picture, in the presence of
mononuclear cells and heterophils, That also differs from Carvalho et al. {2021) who described histological changes
caused by capillariids of the species Eucoleus contortus in the esophagus of the bird Cairing moschara (Linnagus),
in which the inflammatary infiltrate predominantly consisted of eosinophils.

Conclusion

This is the first record of B. appendiculata parasitizing the cloaca of P. brasilianus from Marajé Island, State
of Pard, Brazil, based on integrative taxonomy, using morphological, merphometric, and molecular data.
The histopathological analysis of the lesions caused by this parasitism was reported.
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7. COMUNIDADE DE HELMINTOS PARASITANDO CORMOROES
(SULIFORMES: PHALACROCORACIDAE) DA AMAZONIA ORIENTAL
BRASILEIRA, PARA

RESUMO

Este estudo foi realizado no norte do Brasil para determinar a prevaléncia de helmintos parasitas
que infectam aves Phalacrocorax brasilianus. Entre junho de 2020 a julho de 2023, parasitas
adultos e larvas foram coletados do trato respiratdrio e gastrointestinal de 30 espécimes dessas
aves que morreram em redes de pesca e no curral de pesca na llha de Marajé. Os parasitas
identificados incluem o0s nematddeos (Contracaecum sp., Contracaecum australe,
Contracaecum rudolphii, C. microcephalum, C. multipapillatum, Syncuaria squamata,
Desportesius invaginatus, Tetrameres, Aplectana, Cyathostoma microspiculum, Eucoleus,
Baruscapillaria), trematodeos (Drepanocephalus spathans, Austrodiplostomum mordax, A.
compactum, Hysteromorpha triloba), cestodeos (Paradilepis caballeroi) e Acantocéfalos
(Andracantha sp., Southwellina hispida e S. macracanthus). O nivel geral de infeccédo foi de
90% (27/30) e os helmintos mais presentes foram os nematddeos 90% (27/30), seguidos dos
Acantocéfalos 66,66% (20/30). Esses dados aumentam o conhecimento sobre helmintos em

comordes que migram para ilha de Marajo.

Palavras—chave: parasitos, Phalacrocoracidae, Amazonia brasileira.

ABSTRACT

This study was carried out in northern Brazil to determine the prevalence of helminth parasites
that infect birds Phalacrocorax brasilianus. Between June 2020 and July 2023, adult parasites
and larvae were collected from the respiratory and gastrointestinal tracts of 30 specimens of
these birds that died in fishing nets and in the fishing corral on Ilha de Marajo. Identified
parasites include nematodes (Contracaecum sp., Contracaecum australe, Contracaecum
rudolphii, C. microcephalum, C. multipapilllatum, Syncuaria squamata, Desportesius
invaginatus, Tetrameres sp., Aplectana, Cyathostoma microspiculum, Eucoleus,
Baruscapillaria), trematode (Drepanocephalus spathans, Austrodiplostomum mordax, A.
compactum, Hysteromorpha triloba), Cestodes (Paradilepis caballeroi) and Acanthocephalans
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(Andracantha sp., Southwellina hispida and S. macracanthus). The overall level of infection
was 90% (27/30) and the most common helminths were nematodes 90% (27/30), followed by
acanthocephalans 66.66% (20/30). These data increase the knowledge about helminths in

cormorants that migrate to Marajo Island.

Keywords: parasites, Phalacrocoracidae, Brazilian Amazon.

7.1.Introducgéo

Em estudos sobre a diversidade parasitaria de Phalacrocorax brasilianus, Monteiro et
al. (2011), realizaram andlise da estrutura das comunidades de parasitos nessas aves,
encontrando 20 espécies, dessa forma tem despertado interesse devido a ampla distribuico
geografica do género Phalacrocorax Brisson, 1760.

Os estudos nas areas onde sdo encontradas essas aves, revelaram uma helmintofauna
extremamente rica, sendo reflexo de um ambiente complexo, rico em invertebrados e
vertebrados que atuam como hospedeiro intermediario nos ciclos biologicos para as diferentes
espécies de parasitos (Monteiro, 2006). P. brasilianus sdo importantes agentes de disseminacgéo
de parasitas devido ao seu habito migratorio (Kennedy, 1998). Porém no Brasil, a
helmintofauna ainda néo é bem definida.

O ndmero crescente de aves Phalacrocoracidae em associagdo com muitas espécies de
organismos aquaticos (peixes, caracois do género Lymnaea etc.) dentro de um territorio sdo
uma possivel razdo para a epizootia causada por espécies de parasitos invasores, gerando a
possibilidade de disseminacéo desses parasitos para outros hospedeiros (Yakovleva et al. 2020).

O objetivo desta pesquisa é registrar a ocorréncia de helmintos nessas aves e contribuir

com dados sobre a biodiversidade parasitaria de aves no norte do Brasil.
7.2.Material e Métodos

7.2.1. Aspectos éticos

No periodo de junho 2020 a julho de 2023, sob autorizacdo para atividades com
finalidade cientifica do ICMBIio/SISBIO n°® 74195, e em conformidade com a Comisséo de
Etica no Uso de Animais sob protocolo de n° 6309230520.



93
7.2.2. Aquisicdo das amostras

Foram adquiridos 30 exemplares (19 machos e 11 fémeas) de P. brasilianus
provenientes da Reserva Extrativista Marinha do municipio de Soure (Figura 1). As amostras
foram obtidas das aves encontradas presas em rede de pesca ou presas em currais de dominio
de alguns membros da associacao de pescadores do municipio de Soure, estado do Para. Apenas
0s 6Orgdos do trato respiratorio e digestério foram enviados congelados ao laboratério para
pesquisa de helmintos parasitas. No laboratério, os 6rgdos foram separados e colocados em
placas de Petri com solucdo salina de NaCl 0.9% e examinados individualmente com auxilio
de estereomicroscopio (Leica ES2) em busca de parasitas.

Figura 1. Localizagdo geografica do municipio de Soure com identificacdo da RESEX Marinha do municipio,
Ilha de Maraj6, Estado do Para.
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7.2.3. Processamento dos helmintos

Os nematodeos colhidos foram lavados em agua destilada, fixados e armazenados em
solucdo de A.F.A (93 partes de alcool etilico a 70%, 5 partes de formaldeido e 2 partes de acido
acético glacial). Para microscopia de luz, os nematodeos foram clarificados em solugédo de

Lactofenol de Aman 0.5% e observado em microscépio Leica DM2500 com um tubo de
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desenho, apos isso, foram armazenados em Alcool + Glicerina (50 partes de alcool etilico a
70% e 50 partes de glicerina pura). Os nematddeos foram fixados em A.F.A. quente (65°C),
para evitar contracdo, e facilitar na analise morfoldgica.

Os acantocéfalos foram mantidos 24 horas em agua destilada, no refrigerador para
everterem sua probodscide que € de grande importancia taxonémica (Amato & Amato, 2010).
Foram comprimidos entre ldmina e laminula, em uma placa de Petri onde se adiciona o fixador
A.F.A., o periodo de compressdo sera avaliado de acordo com a espessura do helminto
(Oyarzin-Ruiz & Gonzalez-Acufia, 2020). Trematodeos (exceto os menores) foram
comprimidos entre lamina e laminula, em uma placa de Petri onde se adicionou o fixador
A.F.A., o periodo de compressdo foi avaliado de acordo com a espessura do helminto (Oyarzun-
Ruiz & Gonzalez-Acufia, 2020). Os cestodeos foram colocados em agua destilada e levados
para geladeira para morrerem com a musculatura relaxada, depois foram fixados em A.F.A.
sem compressao (Amato & Amato, 2010).

Os helmintos do Filo Platyhelminthes foram corados em carmim alcodlico, de acordo
com Amato e Amato (2010) e Oyarzun-Ruiz e Gonzalez-Acufia (2020), todos montados
individualmente entre 1amina e laminula permanentes no meio de montagem com Erv-Mount®.
Os acantocefalos foram clarificados com Lactofenol de Aman montados temporariamente entre
lamina e laminula.

Para estudos morfométricos, os helmintos foram desenhados sob microscopio de luz
com camara clara acoplada (LEICA DM2500), sendo medidos 20 espécimes (10 machos e 10
fémeas), e os dados morfométricos foram apresentados no formato telegrafico seguindo os
padrdes usados em estudos taxondmicos. Os helmintos desenhados, posteriormente foram
redesenhados com canetas com tinta nanquim e escaneados em alta resolugéo (600 a 1200dpi).
E a obtencdo de fotomicrografias foram realizadas com auxilio do microscopio LEICA
DM2500 com camera acoplada LEICA type DFC310 FX. As pranchas compostas de desenhos,
imagens obtidas com o fotomicroscépio foram utilizando o software Adobe Photoshop CS®.

A classificacdo taxonémica dos nematddeos foi de acordo com Vicente et al. (1995),
Moravec (1982), Moravec (2001) e Gibbons (2010).

7.2.4. Indices parasitoldgicos

Para determinacdo dos indices ecoldgicos do parasitismo, esses helmintos passaram por
analises por meio de prevaléncia (%), intensidade meédia de infeccao (IMI) e abundancia média,
conforme Bush et al. (1997), Bautista-Hernandez et al. (2015) e Reiczigel et al. (2019). Os
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dados tabulados em planilha de Excel® e comparados com os dados presentes na literatura

existente para cada taxon identificado.

7.3.Resultados

Dos 30 hospedeiros analisados 36,66% (n=11) eram pertencentes a animais fémeas e
63,33% (n=19) a machos. Desses 30 exemplares, em 90% (n=27) foi possivel evidenciar o
parasitismo. O Filo Nematoda foi o grupo mais representativo ocorrendo em 90% (n=27) das
aves; a Classe Trematoda e Cestoda com 10% (n=3) e Acanthocephala 66,66% (n=20) das aves.

Os helmintos encontrados e seus respectivos parametros estdo dispostos na Tabela 1.

Tabela 1 - Localizagdo, prevaléncia, abundancia média e intensidade média dos helmintos encontrados em Phalacrocorax
brasilianus (n=30) obtidos no municipio de Soure, llha de Marajé, Estado do Para.

Taxa/ Parasito Sitio de infeccéo Prevg/loéncia Ab;nécjﬁzcia Int;n;(ij?;de
Filo Nematoda
Familia Capillariidae
e oy oma @1 u m
Baruscapillaria spiculata (Freitas, 1933) Moravec 1982 Intestino, cloaca 23,3 11 4,7
Eucoleus contortus (Creplin, 1839) Esdfago 6,7 0,56 8,5
Superfamilia Habronematoidea Ivaschkin, 1961
Familia Tetrameridae Travassos, 1914
Tetrameres sp. Creplin, 1846 Proventriculo 20 1,83 9,16
Familia Anisakidae Railliet & Henry, 1912
Contracaecum sp. 26,7 0,26 0,72
Contracaecum microcephalum 33 0,03 1
Contracaecum rudolphii Proventriculo, 43,3 0,5 1,15
Contracaecum multipapillatum ventriculo 6,7 0,1 15
Contracaecum australe Garbin, Mattiucci, Paoletti, 567 1 176
Gonzélez-Acufia & Nascetti, 2011 ' '
Familia Acuariidae Railliet, Henry & Sisoff, 1912
Syncuaria squamata Von Linstow, 1883 6,7 0,26 4

ventriculo
Desportesius invaginatus (Linstow, 1901) 33 0,03 1
Familia Cosmocercidae Railliet, 1916
Aplectana sp. ventriculo 33 0,16 5
Familia Syngamidae Leiper, 1912

Traqueia 26,7 0,63 2,37

Cyathostoma microspiculum
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Filo Platyhelminthes, Classe Trematoda
Familia Diplostomidae

Austrodiplostomum mordax Szidat & Nani, 1951 Intestino 6,7 0,06 1
Austrodiplostomum compactum (Lutz, 1928) Dubois, Intestino 6.7 0.6 9
1970

Hysteromorpha triloba (Rudolphi, 1819) Lutz, 1931 Intestino 33 0,03 1
Familia Echinostomatidae

Drepanocephalus spathans Dietz, 1909 Intestino 6,7 0,16 2,5
Familia Gorgoderidae Intestino 33 0,03 1
Filo Platyhelminthes, Classe Cestoda

Familia Dilepididae Railliet & Henry, 1909

Paradilepis caballeroi Intestino 23,3 15 6,42

Filo Acanthocephala Rudolphi, 1808

Classe Palaeacanthocephala Meyer, 1931

Familia Polymorphidae Meyer, 1931

Intestino delgado e

Andracantha sp. grosso 36,7 3,83 4,09
Southwellina hispida (Van Cleave, 1925) Intestino delgado 233 296 1271
Southwellina macracanthus (Ward & Winter, 1952) Intestino e cecos 6.7 15 225

Durante as dissecacfes dos 6rgdos, a composicdo de seus alimentos também foi
registrada: Macrobrachium amazonicum (Heller, 1862), Batrachoides surinamenses (Bloch &
Schneider, 1801), Chloroscombrus chrysurus (Linnaeus, 1766), Pomadasys sp. Lacepede,
1802, Psectrogaster rhomboides Eigenmann & Eigenmann, 1889, Eugerres brasilianus
(Cuvier, 1830), Harttia depressa Rapp Py-Daniel & Oliveira, 2001, Lithodora dorsalis
Valenciennes, 1840, Gobioides sp. Lacepéde, 1800, Plagioscion squamosissimus (Heckel,
1840), Pimelodus sp.

7.4.Discussao

Nesta pesquisa identificamos 21 espécies de helmintos em P. brasilianus oriundos da
Ilha de Marajé. Estudos semelhantes foram realizados por Fedynich et al., 1997 e Monteiro et
al., 2011 nos quais encontraram uma fauna de endohelmintos com 20 a 21 espécies
identificadas. No geral, esses resultados indicam que as comunidades eram semelhantes em
estrutura no nivel do componente, o que é atribuido aos corvos-marinhos de ambas as lagoas se
alimentando da mesma espécie de peixe, pelo que sdo expostos aos estagios infecciosos de um

grupo muito semelhante de espécies de parasitas. As diferencas no nivel da infracomunidade
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podem ser atribuidas a diferencas no grau de dominancia, pois as infracomunidades mais ricas
e diversificadas foram as que mais apresentou uma maior uniformidade na abundancia de
espécies (Violante-Gonzalez et al., 2011).

A Baruscapillaria appendiculata e B. spiculata foram encontradas pela primeira vez no
Rio de Janeiro, no intestino de P. brasilianus por Freitas (1933), apds esse periodo houve
redescricéo da B. appendiculata por Moravec et al. (2000; 2001) em um achado no intestino de
peixes da regido do México. E Garbin et al. (2021) redescreveram B. spiculata no mesmo
hospedeiro, porém na Argentina. Em nossa pesquisa podemos registrar B. appendiculata e B.
spiculata corroborando assim com os demais estudos.

Os estudos da fauna parasitaria do corvo-marinho neotropical na América do Sul, tém
sido realizados principalmente no Brasil (Vicente et al., 1996; Monteiro et al., 2011) e
Argentina (Drago et al., 2011). Gonzalez-Acuiia et al. (2020) identificaram 12 espécies de
parasitos de P. brasilianus no Chile entre eles Hysteromorpha triloba, Andracantha e
Paradilepis caballeroi em intestino, sendo semelhante ao nosso estudo.

No Brasil, espécimes adultos de Austrodiplostomum compactum foram encontrados em
P. brasilianus, coletados na regiao Sul do bioma “Campos Sulinos” por Monteiro et al. (2011).
Monteiro et al. (2016) registraram adultos de A. compactum em P. brasilianus no bioma
“Cerrado”. Em nosso estudo registramos além de A. compactum, A. mordax, Drepanocephalus
spathans e Hysteromorpha triloba, e um membro da Familia Gorgoderidae sem identificacdo
da espécie, semelhante ao estudo de Monteiro (2006).

Espécies de trematodeos pertencentes ao género Drepanocephalus sdo parasitas
intestinais de aves piscivoras, Phalachrocorax spp., e sdo amplamente relatados nas Américas
(PINTO et al., 2015).

Em nossa pesquisa, as espécies de peixes encontradas no estdmago de P. brasilianus
diferem de Moravec e Scholz (2016) onde registraram Cyprinus carpio Linnaeus, Tinca tinca
(Linnaeus) e ocasionalmente Hypophthalmichthys molitrix (Valenciennes) e pequenos
ciprinideos brancos, Rutilus rutilus em Phalacrocorax da Republica Tcheca. Os parasitas
digenéticos adultos registrados em aves, e as larvas metacercarias em peixes conforme
Monteiro et al. (2016). Portanto em nossa pesquisa 0 registro das espécies de peixes que
compuseram a dieta dos hospedeiros foi importante, pois 0s peixes podem conter a
metacercaria.

Os espécimes de cestddeos encontrados no intestino das aves de nossa pesquisa, foram

identificados como sendo da espécie Paradilepis caballeroi o qual possui 24 ganchos em seu
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rostelo, corroborando com Monteiro et al. (2006;2011). A fauna hemintol6gica de P.
brasilianus desta pesquisa possui espécies e géneros de helmintos, que podem ser considerados
tipicos de aves do género Phalacrocorax no continente americano, como 0s nematodeos
Eucoleus contortus, Baruscapillaria sp., Tetrameres sp., Contracaecum rudolphii, Syuncaria
squamata e o acantocéfalo do género Andracantha sp. registrados por estes autores.

O género Aplectana Railliet & Henry 1916 compreende 51 espécies (Bursey et al.,
2012; Sou e Nandi, 2015), das quais 27 sdo conhecidas na América Central e a América do Sul
(BURSEY et al., 2011; Falcén-Ordaz et al., 2014). Esses nematddeos séo parasitas intestinais
de anfibios e répteis (Baker, 1987). Em nossa pesquisa registramos a ocorréncia deste género
nas aves.

Por serem animais sentinelas, as aves marinhas apresentam um vasto universo para
estudos ecologicos e epidemioldgicos. Além disso, 0s parasitas sdo componentes estratégicos
dos ecossistemas e desempenham papéis importantes por fazerem parte do ciclo evolutivo de

muitas espécies de invertebrados e vertebrados terrestres e marinhos (Matos et al., 2020).

7.5.Conclusao

Pela primeira vez foram registradas nos P. brasilianus do Brasil as espécies
Baruscapillaria spiculata, Cyathostoma microspiculum, Aplectana sp., Desportesius
invaginatus, Contracaecum microcephalum, Contracaecum rudolphii, Contracaecum
multipapillatum, Contracaecum australe. Essa pesquisa auxilia no estudo sobre a dieta das aves

que migram para a llha de Maraj6 no Brasil.
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8. CONSIDERACOES FINAIS

Levando em consideracdo a avaliacdo da helmintofauna de duas aves, C. moschata
domestica (ave doméstica) e P. brasilianus (ave silvestre), nos deparamos com uma grande
diversidade de helmintos. Comparativamente, nessas aves, registramos, nos sitios de infeccao
como Eucoleus contortus no esbéfago, e no ventriculo Contracaecum spp.; na traqueia
Syngamidae sendo comum o achado nestas duas aves. No entanto, P. brasilianus por ser uma
ave silvestre migratoria, apresentou um maior nimero de parasitos, sendo 17 espécies
identificadas e 4 outras somente a nivel de géneros. A comunidade de helmintos em P.
brasilianus foi caracterizada por alta riqueza de espécies de nematddeos, acantocéfalos e
trematodeos, e pequeno nimero de cestddeos nestas aves.

Ao caracterizarmos a relacdo parasito-hospedeiro dos sitios de infeccdo com maior
carga parasitaria, podemos identificar grandes lesées ocasionadas por Anisakis sp., e Eucoleus
contortus em C. moschata. As lesdes identificadas em P. brasilianus na traqueia, foram
ocasionadas por Cyathostoma microspiculum; no intestino delgado e c6lon ocasionaram lesdes
pefurantes oriundas da fixacdo dos acantocéfalos; e na cloaca observamos intenso infiltrado
inflamatorio ocasionado por Baruscapillaria appendiculata e B. spiculata, apresentando tuneis
repletos de ovos. Este estudo foi o primeiro a descrever a lesdo histoldgica associada a infeccao
por estes parasitos nestas aves.

Assim, identificamos uma nova espécie de Capillaria a qual denominamos de
Capillaria cairina em C. moschata domestica, e redescrevemos espécies de helmintos ainda
nédo descritos em P. brasilianus como B. appendiculata no Brasil. Realizamos a caracterizacdo
da relacéo parasito-hospedeiro prejudiciais a essas aves, adicionando assim, dados sobre a

biodiversidade parasitaria das duas aves no norte do Brasil.
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ANEXOS

Certificado Ceua — Cairina moschata domestica

&

UNIVERSIDADE FEDERAL RURAL DA AMAZONIA
COMISSAO DE ETICA NO USO DE ANIMAIS

CERTIFICADO

Certificamos que o Projeto de Pesquisa, intitulado “Helmintofauna de Patos Domésticos
Provenientes da Microrregido do Arari, Ilha de Marajé Para”, protocolos CEUA 030/2018
(CEUA) e 23084.014807/2018-80 (UFRA), sob a responsabilidade do professor Elane
Guerreiro Giese, que envolve a produgdo, manuten¢do efou utilizagdo de animais
pertencentes ao Filo Chordata, Subfilo Vertebrata (exceto o homem), para fins de
pesquisa e/ou ensino — encontra-se de acordo com os preceitos da Lei n? 11.794, de 8
de outubro de 2008, do Decreto n® 6.899, de 15 de julho de 2009, e com as normas
editadas pelo Conselho Nacional de Controle da Experimentagao Animal (CONCEA), e
foi aprovado pela COMISSAO DE ETICA NO USO DE ANIMAIS da Universidade Federal
Rural da Amazénia em reunido realizada dia 21 de janeiro de 2019.

Vigéncia do projeto janeiro 2019/ janeiro2020

Espécie/linhagem Cairina moschata domestica

Numero de animais 108 animais

Peso/ldade 3 kg / 8 meses

Sexo Machos e fémea

Origem Os animais sdo procedéncias dos municipios de Soure,
Salvaterra e Cachoeira do Arari, das criagbes domésticas
de pequenos produtores.

Belém, 04 de janeiro de 2019.

\hﬁl% &)ﬂ(’.ls Sdnm&»?k

Prof Dr. Alex Sandro Schierholt
Coordenador CEUA UFRA

’ ‘vim-i.~$
COMISSAO DE ETICA NO USO DE ANIMAIS — CEUA ( \
U f ra UNIVERSIDADE FEDERAL RURAL DA AMAZONIA — UFRA -
Av. Tancredo Neves, n® 2501, Sarro Montese, Selem - PA. CEP. £6.077-901
Contatos: (1}3210-5165 ceua@ulra edu br www comissao ulra edu be/ceus RS



Autorizagdo ICMBIo/SISBIO — Phalacrocorax brasilianus

Ministério do Meio Ambiente - MMA
Instituto Chico Mendes de Conservacdo da Blodiversidade - ICMBio
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Morphological and molecular characterization
of Contracaecum australe (Nematoda:
Anisakidae) parasitizing Phalacrocorax brasilianus
(Aves: Phalacrocoracidae) on the north coast of Brazil

Caracterizagao morfolégica e molecular de Contracaecum australe (Nematoda:
Anisakidae) parasitando Phalacrocorax brasilianus (Aves: Phalacrocoracidae) no
litoral norte do Brasil
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How tocite: Santana RLS, Canvatho EL Sindeaux Nato JL, Silva MVO, Finbero RHS, Gongalves £, et 3 Morphologicsl and rrolecular
characterzation of Contracaecum austzaie (Nematoda- Anisakidae) parsstizing Phabicrocorax brasilionus | Aves: Phalacrocoesddae)
on the narth ceast of Brazd. Braz ) Vet Pargsital 2023; 32(2): ¢003723. hitps./doi.org10.15%0/51984- 2961 2023039

Abstract

For the first tme in Brazll, Contracaecum austrole is recorded parasitzing Phalacrocarax brasifianus (Aves, Suliformes,
Phatacrocoracidae) from the Marine Extractive Reserve of Soure on Maraj Island, Brazian Amazon, Its morphology
reveated a body with a transversally striated cutide, smooth o slightly cleft interlabia, lips with auricies, labial
paplllae, and conspicuous amphids, In males, the presence of the median papilla on the upper lip of the doaca and
spicules that reach almaost half of the body of the parasite, These morphological characters, added to the number
and distribution of the pre- and postcloacal papilise of the male specimens, and supported by the molecular
phylogeny from the analysis of the ITS-1, 585 and ITS-2 genes. allowed the dentification of these parasites.

Keywords: Parasites, birds, scanning electron microscopy, nuclear ribesomal DNA, intemnal ranscnibed spacers {ITS)

Resumo

Pela pnmeira vez no Brasll, Contracaecum austrofe € registrado parasitando Phalacrocorax brasdionus (Aves,
Suliformes, Phalacrocoracidae) da Reserva Extrativista Marinha de Soure na llha de Marad, Amazénia brasileira,
Sua morfologia revelou corpo com cuticula estriada transversalmente, interlabics lisos ou levemente fendidos,
libins com auriculas, papilas lablais e anfideos conspicuos. Nos maches, observa-se a presenga da paplla mediana
no labio superior da cloaca e esplculos que aungem quase 3 metade do corpo do parasao. Esses caracteres
morfoldgicos, somados 3o nimero e distribusx 5o das papilas pré e pos-cloacais dos espéames machos, e apoiados
pela filogenia molecular a partir da andlise dos genes ITS-1,5.85 e ITS-2, permitiram a identificag 3o desses parasitos,

Palavras-chave: Parasitos, aves, microscopa eletrbnica de varredura, DNA ribossomal nudear, espacadores
transcritos internos (ITS).
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Controcoecum australe in Brazd

Introduction

Nematodes of the Anisakidae family infect a variety of aguatic organisms at various developmental stages
of their life cycle (Anderson, 2000). Among the anisakids, the genus Contracaecum Railliet & Henry, 1912, stands
out, having been recorded in several locations on the planet (Biolé et al,, 2012), They are parasites described in
freshwater, brackish, and marine ecosystems that use fish as intermediate and/or paratenic hosts and aquatic
mammals and pisciverous birds as definitive hosts (Anderson, 2000; Mattiucci et al,, 2008; Mattiucci & Nascetti,
2008; Shamsi et al., 2009a; Garbin et al,, 2011; Shamsi, 2014),

For the South American continent, six species of Contracaecum parasitizing Phalacrocorax brasilianus (Gmelin,
1789) are recarded: C. caballeroi Bravo-Hollis, 1639, C. travassosi Lent & Freitas, 1948; C. rudoiphii Hartwich,
1964 (Syn. C. spiculigerum); C. muitipapillatum (Drasche, 1882) Baylis, 1920; C. australe Garbin, Mattiucci, Paoletti,
Gonzalez-Acufia and Nascetti, 2011; C. jorges Sardella, Mancini, Salinas, Simdes and Lugue, 2020 (Torres et al., 2000;
Amato et al, 2006; Violante-Gonzalez et al,, 2011, 2015; Garbin et al,, 2011; Biolé et al,, 2012; Gonzalez-Acuna et al.,
2020; Sardella, et al,, 2020).

In terms of Brazilian avifauna, eight species of Contracaecum parasitizing different species of birds have been
recorded to date: C. microcephalum (Rudolphi, 1819) Baylis, 1920, C. muttipapillaturm; C. granulosum (Schneider, 1866)
Baylis, 1932, C. crenulatum Schuurmans-Stekhoven, 1937, C. caballerai; C. pelagicum Johnston & Mawson, 1942;
€. plagiaticium Lent & Freitas, 1948; and C, rudolphil (Vicente etal., 1995; 1996; Amato et al,, 2006), but only C. rudoiphii
has been recorded parasitizing the Neotropical cormorant in Brazilian territory (Vicente et al, 1996; Amato et al., 2006).

The species . oustrale was described for the first time in lagoon Santa Elena in Chile, as a parasite of . brasilianus,
using morphological and molecular analyses (Garbin et al,, 2011). Biclé et al. (2012), recorded the species on the
same host in central Argentina and later P. gaimardi Lesson & Garnot, 1828 was added as a new host for C, australe,
the southernmost record of the species in Argenting, thus expanding its gecgraphical distribution and definitive
host range (Garbin et al,, 2014).

Given the above, this study aims to investigate the nematode parasites of Phalacrocorax brasilianus from the
Marine Extractive Reserve of Soure, Marajo Island, Para, employing the perspective of integrative taxonomy.

Material and Methods

From 2020 to 2022, twenty specimens of P. brasilianus were obtained from the coastal zone of the municipality
of Soure (Marine Extractive Reserve of Soure) on the Marzajo Island, Para, Brazil (Figure 1) (Latitude: -0.742862°,
Longitude: -48,507732°). The birds are used as an alternative source of food by fishers in the region, who kindly
provided the dead birds that were used in this study. The animals were transported individually in bags and
kept refrigerated in isothermal boxes with ice for transport to the Laboratory. In the laboratory, each organ was
individualised in a Petri dish containing 0.9% NaCl saline solution and analysed under a stereomicroscope (Leica
ES2), cleaned, quantified, and stored in AFA solution (93 parts of 70% ethyl alcohol, 5 parts of formaldehyde, and
2 parts of giacial acetic acid) for morphological studies, and representative specdmens were fixed in 70% ethyl
alcohol for molecular analyses,

Figure 1. A- Fishing corral located at beach of Mata Fome, Soure Marine Extractive Reserve, the place where the birds were
oblained, Marajd island, State of Pard, Brazil. B- Cormorant stomach containing specimens of Comtrocaecum, (Scale bar: 1 cm).
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Light microscopy

For morphology, the nematodes were clarified in Aman Lactophenol 70%, observed under a microscope (LEICA
DM 2500) with a digital capture system (LEICA ICC50 HD) and using the Leica Application Suite software version 4.4.0,
being drawn under a microscope (LEICA DM 2500) with attached camera lucida, from which photomicrographs and
maorphological drawings were respectively obtained. For morphometric analyses, fifteen adult males and fifteen gravid
females were used, measuring twenty eggs in each female. Measurements are given in millimetres, unless otherwise
indicated, and are presented as mean values followed by minimum and maximum values in parentheses, The taxonomic
classification of nematodes was performed according to Barus et al, (1978), Fagerholm (1991), and Garbin et al. (2011).
The ecological indices of parasitism were calculated according to Bush et al. (1997) and Bautista-Hernandez et al. (2015).

Scanning Electron Microscopy

Twelve nematodes (eight males and four females) were washed in distilled water for 1 hour, post-fixed in 1%
Osmium Tetraxide (0SO ) for 2 hours, and then submitted to dehydration in an increasing series of ethanol from
70% ethanol until 100% for 1 hour in each battery of alcohol, subsequently subjected to the critical point of CO,,
mounted on metallic aluminium supports (stubs), metallized with gold+palladium, and analysed in a scanning
electron microscope (VEGA 3 LMU/TESCAN).

Molecular and Phylogenetic Analyses

Four aduk nematodes (two males and two females) fixed in 70% ethyi alcohol had a fragment of approximately Smm
from the central region removed after measuring the total length of the specimens for allocation to molecular analyses by
sequencing the regions of the first and second intermal spacers transcribed from ribasomal DNA (ITS-1, 58S, and IT5-2).
The rONA extraction was performed at the Biomolecular Technology Laboratory of the Federal University of Pard, using
a DNA extraction ki (Spin Tissue Min Kit, Stratec®), following the protocol indicated by the manufacturer,

The ITS-1, 5.8S and ITS-Z regions of the rDNA were amplified using primers NCS (Forward: ' - GTA GGT GAA
CCT GCG GAA GGATCATT - 3') and NC2 (Reverse: 5'- TTAGTT TCT TTT CCT CCG CT - 3') (Zhu et al., 1998).

The final reaction volume was 25 pL, with 2.5 pl of reaction buffer (BUFF), 1 pLof MgCI2, 2 pLof dNTP's, 0.5 pl of each
primer, 0.2 pL of Tag-DNA polymerase unit, 17.3 pl. of H20, and 1 pL of extracted DNA, The sampies were processed
in a thermal cycler (Applied Biosystems™ ProFlex™ PCR System, 3 x 32-well) and subjected to the following conditions.
95°C for 5 minutes followed by 35 cycles at 95°C for 1 minute {denaturation), 56°C for 1 minute (annealing), 72°C for
1 minute (extension), and a final extension at 72°C for 7 minutes. The amplicons were submitted to 1.5% agarose gel
electrophoresis, The PCR product was purified with ExoSAP-ITTM, quantified in Nanodrop equipment, and sequenced
using NC5 and NC2 primers in AB 3500 Genetic Analyzer equipment, generating approximately 700 nucleotides each,

For the phylogenetic analyses, eighteen species of Contracaecum were included in the inner group, and for the
OUTgroup, two taxa were chosen: C. gustrole (ITS-1: HQ389545/1T5-2: HQ389547), C. chubutensis (ITS-1: HQ389546/
ITS-2: HQ389548), C. fagerholmi {ITS-1, 5.85, ITS-2: [F424599), C. bloccal (ITS-1, 5.85, ITS-2: [F424598), C. eudyptulae
(ITS-1: FM177550/ ITS-2: FM177578), C. septentrionale (ITS-1: A|634784/ [TS-2: A|634787), C. varlegotum (ITS-1:
FM177531/ ITS-2: FM177541), C, ogmorhini (ITS-1: FM177542/ ITS-2: FM177549), C, bancrafti (ITS-1, 5.8, ITS-2:
0P782836), C. overstreets (ITS-1, 5.85, ITS-2: MG515224), €. microcephalum (ITS-1: FM177524/ ITS-2: FM177528),
C. multipapillatum (ITS-1: AM940056/ ITS-2: AMI40060), C. rudalphii A(ITS-1: JQ07 1414/ ITS-2: JQO71437), C. rudoiphii
B (ITS-1: JQO71412/ ITS-2: JQO71435), C. rudolphil C(ITS-1, 58S, ITS-2: Fj822037), C. rudolphii D (ITS-1: FM210251/
IT5-2: FM210268), C. rudolphii E {ITS-1: FM210257/ 1TS-2: FM210271), C. rudolphii F (ITS-1, 5.85, IT5-2: |F424597)
and for the outgroup Strongylus edentatus (ITS-1, 5.85, ITS-2: KP693438) e S. vuigaris (ITS-1, 5.8S, ITS-2: KP693439).

For phylogenetic reconstruction, alignment was performed with sequences of ribosomal genes available in
GenBank having the ITS-1, 5.85, and ITS-2 regjons or the ITS-1and TS-2 interval regions using the BioEdit programme
(7.2.5). Bayesian inference (B) analysis were used based on Markov Chain Monte Carlo (MCMC) tree searches
performed with MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003). Two parallel runs of four simultaneous MCMC
searches, each with ten million generations, were performed, with a tree being sampled every 500 generations.
Results from the first 1000 trees were discarded as burn-in, The remaining trees were analysed in MrBayes (o
estimate the posterior probability of each node in the phylogenetic reconstruction. The evolutionary model of
nucleotide substitution was determined by the Bayesian Information Criterion (BIC) with the JModelTest programme
(Posada, 2008}, and the most appropriate model chosen was TPM2uf+G, Genetic distances were determined for
sequences from the ITS-1, 5.85, and IT$-2 regions of Contracaecum species using PAUP 4.0b (Swofford, 1998),
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Results

Morphological data

Examination of the specimens revealed morphological characters that resemble descriptions in the literature
(Garbin et al, 2011, 2014; Biolé et al,, 2012). Below is the morphological characterization. Morphological and
morphometric data for C oustrole are presented in Tabie 1.

Ascaridoidea Baird, 1853

Anisakidae Railliet & Henry, 1912

Contracaecum oustrale Garbin, Mattiucci, Paoletti, Gonzilez-Acufia and Nascertti, 2011

Based on light and scanning electron microscopy analyses: (Figures 2-5 and Table 1),

General Morphology (based on 42 specimens): Body totally striated transversely. Very evident cephalic collar
with a V-shaped lateral region without striations (Figures 2A, 3A, 38, 4C, S5A, 5B). Three smooth or slightly cleft
interiabia reach 4/5 of the length of the lips. Excretory pore is located immediately below the ventral interlabia.
Lips longer than wide, each lip bearing three notable medial apical notches (Figures 38, 4C), with two conspicuous
lobed auricles directed laterally. Dorsal lip with two large laterally directed papillae (Figures 4C, 58). Ventrolateral
lips with one large papilla and a very evident amphid, displaced to the lateral line of the body (Figure 4C). Button-
shaped deirids Jocated at the level of the nerve ring or immediately posterior (Figures 2A, 4A, 4B, 5A, 5B). Globular
ventricuius, posterior ventricular appendix, developed intestinal cecum, 2 to 3 times longer than ventricular appendix
(Figures 2B, SA). Pre-equatorial vulva. Conical tail. Phasmids clearly visible in both males and females (Figure 3C, 3D),

Figure 2. "A-C" Light photomicrographs of Contracaecum oustrale. A- Lateral vew of the anterior region where it Is possible
to obsarve the ventrolateral lip with 2 depressed medial apical margin (black head), conspicuous auride (black arrow), very
evident cephalic collar (white arrow), nerve ring (*) and deinds (head of white arrow), scale bar 100 pm. B- Lateral view of part
of the dissected digestive system, showing the oesophagus (€), well-developed intestinal cecum (ic), globular ventriculus (v),
solid ventricular appendix (va} and intestine (i), scale bar 500 um. C- Lateral view of the caudal region of a male demonstrating
caudai constriction {arrow) and presence of the median papilla on the upper lip of the cloaca (arrowhead), scale bar 300 pm,
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Figure 3, “A-F Photomicrographs of female from Comtrocoecum oustrole. In A- Latero-apical view of the cephalic region where
interlabia can be observed, conspicuous cephalic collar (black arrow), scale bar 50 prg B- Lateral view of the anterior region
demonstrating the shape of 8 ventrolateral lip that is longer than it is wide, with a markedly depressed medial apical region
(black arrow), Interlabia with a bifid apex (arrowhead), cephalic collar with no striations in s lateral region (red arrow), 50 ym
scale bar; C- Iateral view of the tail of a female showang the phasmid (). scale bar 100 pm; D- ventral view of the same female

tall showing the anus (a) and phasmids (arrows), scale bar 200 pm: E- lateral view demonstrating the shape of the vulva {v), scale
bar 100 um. F- 50 pm scale bar eggs,

Males(based on 15 specimens): Mean bodylength 25.25(19.71-28.89), Width at the cesophagus-ventriculus junction
0.64 (0.43-0.83). Body length/body width ratio 39,45 (34,81-45,84). Distance from anterior end to nerve ring and deirids
0.56 (0.50-0.69) and 0.69 (0.51-0,73), respectively. Oesophagus length 3.03 (2.36-3.64). Body length/oesophagus
length ratio 8.33 (7.94-8.35). Intestinal cecum length 2.1 (1.5-2.66), Oesophagus length/intestinal cecum length ratio
1.44 (1,37-1.57). Ventriculus length 0.2 (0.11-0.24). Ventricudar appendix length 0.804 (0.56-1.,03). Oesophagus length/
ventricular appendix length ratio 3.77 (3.53-4.21). Spicules subequal, reaching almost half the length of the body,
measured 12.18(9.54-13.91), with rounded distal tip. Body length/spicule length ratio (BL/SL): 2,07 (2.07-2.08), Tad length
0.2 (0.15-0.27). Caudal end conical, having 27-38 pairs of precioacal papillae, Pts zone (= first 25 precioacal transverse
strize)including 2 pairs of precloacal papillae. Six pairs of postcloacal papillae are present: 2 paracioacal pairs, 2 subventral
pairs, 2 sublateral pairs (Figures 4E, 5C, 5D). Body lengthntail length ratio 1262 (107-131.4). A pair of phasmids between
the two pairs of sublateral papillae. Median plaque (median papilla) dlearly visible on the anterior border of the cloaca
(Figures 4E, 5C). Marked caudal constriction just after the paracioacal papillae (Figures 4E, 5D).

Females (based on 15 gravid females and embryonated eggs): Mean body length 29.66 (22.1-40.94). Width at
the oesophagus-ventriculus junction 0.78 (0.59-1,09). Body length/body width ratio 38 (37.4-37.5). Distance from
anterior end to nerve ring and deirids 0.64 (0.48-0.76) and 0.68 (0.52~0.83), respectively. Oesophagus fength
3,98 (2.89-5,09), Body length/oesophagus length ratio 7.45 (7.65-8.04), Intestinal cecum length 2.69 (2,06-3,46),
Oesophagus lengthvintestinal cecum length ratio 1,48 (7.65-8.04). Ventriculus length 0.29 (0.18~0.40). Ventricular
appendix length 0.89 (0.56-1.49), Oesophagus length/ventricular appendix length ratio 4.47 (3.42-5.16), Pre-
equatornial vulva, found in the first third of the body. Distance from anterior end to vulva 10.64 (7.59-14.15). Tail
length 0,37 (0.29-0.49). Body length/tail length ratio 80.2 (76,2-83.55). One pair of distal phasmids (Figure 3C, 3D).
Diameter of embryonated egg 58 (55-60um) (Figure 3F),
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Figure 4, "A-E” Scanning electron microscopy of male Controcoecum oustrole, In A- dorsolateral view showing the presence of
the deirids in the form of a butten and a smooth surface (d), scale bar 50 ym. B- Insert showing the deirid button shape In the
largest increase, scale bar 6 pm. C- apical view showang lips with medial apical region with the presence of three clear notches
(tripie arrow), dorsal lip with the presence of two large papillae (double arrow) and conspicucus auricles (white arrow), interlabila
with cleft apex, ventrolateral lips showing the presence of large papilla (black arrow) and amphid (black arrowhead) displaced
to the side of the body, well-marked cephalic collar, with absence of striations in the fateral region, V-shaped (*), bar of scale 50
pm. D- lateral view of the tall of a male demonstrating spicules with a rounded free distal tip (white arrows), scale bar 100 pm
E- ventrolateral view of the tail showing the marked caudal corstriction (arrow) just after the pairs of paradoacal papillae (b), two
pairs of subventral papillae (a1, a2), two pairs of sublateral papillae (a3, ad) and phasmid (p) located between sublateral papillae,
presence of median papilla an the upper lip of the cloaca (arrowhead) and pts zene containing 2 papillae, 25 pm scale bar

Taxonomic Summary
Host: Phalacrocorax brasilianus {Gmelin, 1789) (Aves, Phalacrocoracidae),
Location; Soure Marine Extractive Reserve - Mara|o Island, State of Para-8razil,
Site of infection: Proventriculus and Ventriculus.
Prevalence: 17 infected out of 20 (85%),
Mean intensity and range: 43.7 (7-360),

Molecular data

In our study, the tree topology derived from the phylogenetic analyses inferred from the I7S.1, 5.85, and
ITS-2 intergenic regions of the rONA of the malecularty analysed specimens (GenBank accession number: 0Q397677),
demonstrated a 100% correspondence with C. australe (Figure 2), grouping it in the same clade and showing it to
be distinct from the other species previously genetically characterized and considered for comparison purposes.
Parasitic specimens of £, brasilianus from Brazil matched previously reported sequences for the ITS-1and ITS-2 genes
of C. australe characterised in Chile by Garbin et al. (2011) and deposited in GenBank under accession numbers
(ITS-1: HQ389545; ITS-2: HQ389547)
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Figure 5. "A-D" Morphological design of Contracaecum austrole, a parasite of Phalacrocorax brasilianus m Northern Brazil. In
A-anterior end of body, scale bar 50 pm, B- antenor end, dorsal view, scale bar 20 ym. C- posterior end of male, ventral view,
scale bar 20 pm. D- posterior end of male, lateral view, scale bar 20 pm.

A matrix of genetic distances based on the ITS-1, 5,85, and ITS-2 sequences (2-parameter index from Kimura,
1980) between members grouped according to tree topology is presented inTable 2. The genetic distances between
the taxa studied ranged from 0.012 to 0.064. The values between C, rudolphii C and C. ogmorhini (0.012) were the
lowest abserved in this study.

Discussion

In this study, nematodes recovered from the proventriculus and ventriculus of . brasifianus on the north coast
of the State of Para, presented morphological characters compatible with C. australe (Garbin et al,, 2011; 2014;
Biolé et al., 2012}, making it possible to assign them to this specific taxon, which was found parasitizing P. brasilianus
from the Marine Extractive Reserve of Soure, Para-Brazil.

Among the Contracaecum species that occur in Brazil, this is the first record of C. gustrale in the national territory.
This species was described by Garbin et al. (2011) in the Santa Efena lagoon in Chile as a parasite of P. brasilionus
using morphological and molecular techniques. Biolé et al. (2012) recorded the species on the same host in the
central Argentina regien, and later P, gaimardi was added as a new host for €. australe in the southernmaost record of
the species in Argentina, thus expanding its geographical distribution and definitive host range (Garbin et al,, 2014),
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Garbin et al. (20117), when describing C. oustrale based on marphological characters considered diagnostic for the
species of the genus (sensu Hartwich, 1964), such as the length of the spicules, morphology of the distal end of the
spicule, and the presence of a slitin the interlabial tip, reported that, a priori, this parasite species of P. brasilianus
from Chile could be easily attributed to C, rudelphii lato sensu. However, after the morphological comparison of the
new specimens and due to the presence of characters such as a well-marked constriction in the tail just after the
pairs of paracloacal papillae, presence of a median plague (median papilla), parasites being apparently smaller, more
robust and presenting longer spicules than C. rudalphii s 1., and supported by phylogenetic analyses of sequences
from multiple loci, it was confirmed as a highly supported dade distinct from the rest of the Contracaecum taxa
considered, thus validating its specific status,

Observing the morphological characteristics of C. australe and comparing them to their parasitic congeners of birds,
we can see that this species can be easily distinguished from several of them using morphological characters with high
diagnostic value (Fagerholm 1988, 1991; Maravec & Scholz, 2016), such as C. multipapiliatum s.1.; C. pyripapiliatum; C.
overstreet; C. gibsoni; C. banarofti; C. spasski; C, tricuspis; C. mexicanum; C. ovale; C. heardi; C, variegatum, C.travassosi that
have one ar more pairs of double postcloacal caudal papillae. However, sometimes this morphological differentiation
Is more difficult and requires the use of distinctive diagnostic characters together, such as body length/body width
ratio, body lengthspike length ratio, and oesophagus length/ventricular appendage length ratio, among others,
Garbin et &, (2011, 2014), to differentiate between species, such as between C. australe and C. rudolphii complex, as
these species have a large similarity in the number and pattern of distribution of caudal papillae.

According to Moravec & Scholz (2016}, the shape and length of cephalic structures, such as lips and interlabia,
the number and arrangement of pre- and postcloacal paplilae, as well as the shape of the distal end of the spicules,
are taxonomic features that distinguish between C. rudoiphii and three other congeners parasites of birds, C,
microcephalum, C. micropaplilatum, and C. variegotum. Currently, the C. rudofphil complex has six described cryptic
species (C. rudolphii A, B, C, D, E, and F) ('Amelio et al.,, 2007, 2012; Mattiucci et al,, 2008; Shamsi et al., 2009b),

Contracoecum australe can be differentiated from C. fagerhoimi and C. rudolphi F described by D'Amelio etal. (2012),
by the length of the spicules that vary from {4.15-4.85 and 5.96-7.30 mm), respectively, as opposed 10(9.6-15.88 mm)
in €. australe described by Garbin et al. (2011), values like those found in the present study (9.54-13,91 mm), However,
Biok et al. (2012), when noting the occurrence of C. gustrafe in P. brasiiionus in Argentina, saw morphometric vanations
that were considered intraspecific variations, until molecular studies can prove otherwise or corroborate their results,
The authors observed a more anterior position of the nerve ring and deirids, a smaller ventriculus and ventricular
appendix, 3 greater number of predoacal papillae, pre-equatarial location of the vulva, and smaller size of the eggs.

Garbin et al. {2014), when adding a new host parasitized by . australe also in Argentina (P. gaimardi), pointed out
morphometric variations that partially corroborated the findings of Bialé et al, (2012), such as greater amplitude in
the number of precioacal papillae, smaller size of the ventriculus and ventricular appendix in male specimens, more
pre-equatorial wilva and smaller size of eggs in females. However, the mest important morphometric difference
occurred in the length of the spicules (7.2-10.44 mm), which were almost a third shorter than those described in
specimens foundin P, brasilianus from Chile (9.6-15.88 mm) and in the present study (9.54-13.91 mm). And as we can
observe within the congener species of Contracaecum parasites of piscivorous birds, there is a wide range of variation
in several metric characters that allow the fitting of multiple species and make it difficult to clearly differentiate,

Contracaecum oustrale can be differentiated from C. jorgel, also recorded in P, brasilianus (Syn. Nannopterum
brasilianus), by the greater length of the spicules (9.54-13.91 vs 2.03-3.63) and the greater number of precloacal
papiliae (27-38 vs 26), respectively. Furthermore, when describing the species, Sardella et al. (2020) reported the
presence of two papillae on the ventrolateral lips, as well as the dorsal lip being longer than the ventrolateral
lips, whereas in C. australe the lips are the same size and the ventrolateral lips have only one Iabial papilla and a
phasmid in each (Garbin et al,, 2011), These results are simitar to those found in the present study for the species.

According to Garbin et al. (2011), merphological analyses and differential diagnosis of male specdmens of C. australe
allowed the detection of differences in several characters, including the length of the spicule, the peculiar shape of the
male tail, the disposition of the paracleacal papillae, and the depth and shape of the cleft in the interflabium, As for
the characters mentioned by the authors, such as caudal constriction after the paracloacal papillae and presence of
the median plaque (median papilla), they have not proven to be strong characters for differentiating, for example,
between €, australe and C, rudolphii .1, since, despite not having been described by some authors, they seem to be
clearly present in their lllustrations or even photomicrographs. (See, for example, Abollo et al, 2001; Amato et al,
2006; D'Ametio et al., 2012; Moravec & Scholz, 2016), as previously stated by the authors (Garbin et al,, 2011).
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Garbin et al. (2014) suggested that the specimens described by Amato et al. (2006) as C. rudaiphii parasites of
P. brasilianus In Brazil may be C. australe, because they share certain morphological characteristics {such as lips,
Interlips, arrangement, and number of caudal papillae) and the same host, However, when taking into account
the length of the spicules and the BL/SL ratio between (C. rudolphii 45-8.2 mm and 3.8-4 Amato et al., 2006) vs
(9.6-15.88 mm and 1.45-1.79 C. australe Garbin et al,, 2011} and (9.54-13.91 mm and 2.07-2.08 C. qustrale present
study), we can see that these species clearly differ and show that these morphological characters seem to be the
most consistent ones for differentiating between species, given that, so far, the species of the C. rudolphii complex
described molecularly and morphologically have smaller spicules than C. australe. C. rudoiphii D 3.90-6.99 mm; C,
rudolphii E 5.53-6.13 mm Shamsi et al, (2009b); C, rudoiphii F 5,96-7.3 mm D’Amelio et al, (2012), and higher BL/SL
ratios in the species of the C. rudolphii complex (C. rudolphii D 3.7-3.8; C. rudolphii E 4.3-4.4; C. rudolphii F 2.5-2.7)
than in C. austrafe (1.45-1.79 Garbin et al. 2011; 2.07-2.08 present study), The sister species C. rudolphii A, B, and
C, despite having been characterised molecularly, have not been morphologically described, and only the length
of the spicules is available for these species (D'Amelio et al., 2007; Mattiucci et al,, 2008).

We agree with Garbin et al, (2014) when they state the need to review the specimens described by Amato et al,
(2006) and, If possible, evaluate them molecularly to complement the morphological diagnosis of these parasites.
As previously seen, P. brasilianus is a bird capable of harbouring multiple species of Contracaecum at the same time
{Lent & Freitas, 1948), raising the possibility that this bird presents co-infection with C. australe and C. rudolphii s.l.,
and/or more species of the genus in the same individual (Ricardo et al, unpublished data).

For Sardelia et al. (2020), the use of molecular techniques is fundamental not only for defining the taxonomic status of
these species but also for enabling their recognition. Result observed inthetopology of the tree, derived from the inferred
phylogenetic analysis of the ITS-1, 5.85 and ITS-2 genic regions of the rDNA of four specimens analysed molecularly in
our study, being observed 100% of correspondence with C. australe described in Chile{Garbin et al, 2011), if grouping in
the same corresponding clade the previously reported sequences for the ITS-1 and [TS-2 genes deposited in GenBank,

In our study, the dade formed in the phylogenetc tree by C. australe specimens was distinct from all Contracaecum
specles previously genetically characterized and considered for comparison purposes. In the phylogenetic analyses, it
was possible to observe that C. chubutensis was the spedies that was genetically closest to C. australe, with a distance of
0.021, but forming two distinct clades. This genetic praximity can be justified by both species being parasites of birds
(Phalacrocoracidae) and having the same biogeographical distribution (See Figure 6). However, the smallest genetic
distance seen in our study occurred between the species C. rudoiphil F and C. agmorhini (0.004). Small genetic distances
were also observed between C. ogmorhini and C. rudalphil E {0.007) and between C, rudolphil E and C. rudolphil F (0.009).
Furthermore, the analyses of the data from the ITS-1, 5.85, and ITS-2 sequences of €, australe from Brazil supported its
distinction from the cryptic species of the C. rudalphii complex, corroborating the results found by Garbin et al, (2011).
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Figure 6. Phylogenetic tree inferred by Bayesian analyses (Bl) of Controcoecum species, based of Internal Transcribed Spacer
ribosomal gene sequences {ITS-1, 5.85, and 175-2) and using Strongyfus edentatus and Stongylus vulgaris as owtgroups. Node
numbers represent posterior probabllity values recovered by the Bayesian analysis.

Braz | Vet Parasitol 2023; 32) e003723 "4

120



Controcoecum australe in Brazd

Conclusion

Phalacrocorax brosilianus from the north coast of Bragzil is the definitive host of C. gustrale; this is the first record
of the species in the national territory. In this study, we have expanded the biogeographical distribution of this
parasite, in addition to highlighting the need for the application of integrative taxonomy for the characterization
of species of Controcoecum.
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-

2. Material and methods

From 2010 to 2013, viscern preserved in 10% farmaldehyde from
five individuals of Caiman cracodilus were received as o donation by
subsistence bunters from the local population of dwam MMn Nv-t
(D47 1953"S, 71 '5733°W), in the portl n P
pmafnpampnorymmemmpmpmlbmuwlvuloulhmav
Iy kg g wildlife gement. This study was appeoved by the
vammdhu(mwyhmsﬂ
vestie; Wildlife Research Exhics Commitee, protocal o 0127-2010,
02292011, and 0350-20]12 DGFFS DGEFFS). In the lnborntory, the
organs were isolated and examined undes a stereomicroscope (Leio
ES2) 10 ipvestigate the presence of belmintls. Among all hests, 56
neumlodulhtmvlnﬂnttmbofdnwlmmmm«t

Fou marphology, the les were clarified n Ao Loctopl
mwmm-muuwm)mwum
captue system (LEFCA ICCSO HD) and wsing the Leica Application Suite
software version 4.4.0, being dmwn under n mictoscope (LEICA DM
2500) with artached camera fucida, from which pbotomicrographs aed
morphologienl dmwings were respectively ob 1. For motph 1
analyses, thirty nemsatodes (fifteen males and fifteen females) wire tsed.
Meanurements are given in nucrometess, unbess otherwise indicated, and
are presented as mean values followed by mininnm and maiouem
values in p th The je classification of pematodes was
performed according to Beylia (1923), Andeon = al (1974, 2009),
Spesnit (1979, Vicente ot od (1993), and Gibbous (2010). Due  pres-
ervation ins formalin, it was not possible to conduct DNA cing of
the parasites in this study.

Foa seanning shectron py (SEM), thi J
washed i phosphate-buffered saline (pH 7.0), post-fixed in 19 O

W

of Brevimulticascum spp. ave shown in Table 2 and Table 5, respectively
and we provide n list of endobelmintls Sreviandticaecun spp. in reptiles
In South Ametica (Tuble 1)

4. Heterocheilidae Henry and Railliet, 1912

4.1. Brevimuiticaecun Mozgovay in Skryabin, Shikobalove & Moggovoy.
1951

4.1.1. Brevimuiicanscum baylisi (Trovasm, JU;J)W I')?‘J

(Based on light mi py and oy
Figs. 1 10 4)

Mediumsized nematodes. Sleader bdy, tpering slightly at both
ends, Quticle with distinet wnnsverse sulatioos. Anterior end with duee
lips wider than long. Dinmond shaped lips, with deli d lateml
marging and the poesmce of conspknoul laterally directed wusicles,
hom-like profocgation present in the center of the unterior border of the
dowsal lip. Doesal lip with two large, laterally directed double popillae.
Ventrolareral l!pn wllhnl.uxe double papilia and conspicuous amphid.
Three shoct intesiabi ridges § and interlocking
processes abseor. Ewnmtypolelocned obwuhekvelofmem
ring. Long, thin, L ling in & glandular venericulus
m&mumwdheemum Intestinal cecum well
developed, with & nnrow lumen extending anteriorly for more than half
the length of the esophagus. Absence of cervical or lateral wings. Button-
absped detrids located lnumediotely posterior to the bevel of the nerve
ring (Fig | AH)

4.0.0.0. Male. Mean body lergth 10.32 mm (9.0-12.62), Width ot the
esophague-intestine juncticn 29238 (242.85-342.85), Ewphagm
length 205 mm (1.77-2.85) ( ieulus not included), reps

20% of body Jength. Length of the intestinnl cecum 1.44 mem
(1.14-1.88), 1epresenting 70% of the total length of the esophogus.
Ventricular length and width nre 10 » 13.33; the antetior ventricular
appendages have a length of 5,80, the posterior lutecal appendages have
alength of 3.75; and the posterior nyedion nppendage has o leagth of 6.3.
Distance from anterlor e 10 excretory poce, nerve clig and deirkds
319.04 (257.14-385.71), 369 (300-457.14), and 395.55 (323.33-460),
respectively. Tail length 87.42 (80-110). Ventrally curved tnil with o

Ty

Muxk!e(woﬂhzh.-uidmmbmlmdbqhhydxuimm-l
i sing secles of ethanol from 7006 echanal wntil 100% for 1 b in each
!unu-yof leobicd, sub 1y subjected to the critien] point of CO2,
mounted on metnllic alunlmm mppom (lmbi). motmllized with gold-
+palladium, and analyzed in n g xmcmuope(\'BGA3
L\GU/I'BCANI in the Scarming Electronic Mi
Instituto de Sadde ¢ Producso Animal na Amuoam. Uaivenidmk
Fodernl Rural do Aminzonia - UFRA, Stte of Pus, Binzil.
A&mddum.:hhmmnﬁhefmnmﬂamumg
nemntodes fixed in the with wu llected and fixed
in 10% f ddelrydle for histological lysi 3g to Tolosa et ul
(20031, Schuuwueswnulumdwtmbmmﬂnm!mm
logical indices of fol ’m sh ot al nmi-mdmmnu-
Hrmmdrz et al (2015). Vouch were depasited in the
Helminthological Collection of Instituto Oswnklo Cruz: CHIOC 39619 a-
d females and CHIOC 39619 e-h males.

pommlcnuhlmd adnlwupabml.hﬂ.mmm;ﬂnpdnd

| papillas o one pair of more distant antesioc
pupﬂlne.lhmqnﬂdlﬂmlpam.mdouepmoﬂmdpqﬂhe Five
pairs of pasteloacal papilloe wre present two pairs paracloacal, two
subventral, and ocoe pair subdorsil. Median plaque (median papilla),
whdx-lnt!dwedwpad.ndeur)ymhlemﬂmnmbadauf
the doaca. Latern) phasmids b ior to the subdoesal papilia.
Smdnmbqudhn&mmﬁw«lnagumeﬁgmbsh;hﬂy
loager than the other, the fisst messuring 6,01 mm (5.60-6.48) and the
nmndbzﬂm(&sz-&ﬂ)mhugth.bomm:wnmmhnm!
before reaching the tip of the spicules. Guk alum well scleroti
measuring 180.33 (16&:3-198.33) in length, thin in lateml view,
tapering distally, and with two projections at the distal end (Fizs 1D, F,
H, 2A  H, and JA-H)

4112 Fuude(kdmywdhnda} Munbodylagdlllolm
(8.17-13.94). Width at the esof 240

(242.85-414.28). Bsophagus length 2.51 mm (1.85-208) {ventriculns
not included), representing 23% of body lengdh Intestingl cavcwmn

126
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Table 1

Endohelminths Brevimuiticaocum spp. in reptides in South Anserica.
Famnite spaciey Hoss Sire of lnfecsion Lacaliry s ferwaces
Bervwmakncorcum i tpeear 5T Covoan erovadibue esophagas, stomads Paraguiy S, | 5TF
Beevenadvcacenm haylur Tisra 1000 Caman procafibis Atmnsch Vonezmla Spevn, 1079

Allgator munmppurus

Bervanaiicarrum siokboveni (Baylie 1947) Mekvosuchas mger 2hanach Brazil Sperm, 1979
Benvamsitcacrum pleow (Lo, 197V Melosuch myger stoenach Beazil fpamn, 1978
Bervensiicarrum Balud | Toovmmes, 1953) Npomt 1070 Carmey crocadib Thoenach Brazil Cattar. 10WL
Bervimalicoetun stk bovert (Baylis 1947) Cetimuay ¢rocedibie Moensch Buazll Cann, 1981
Brevwradicoceun baydod (Torousss, | 900) Spomt 1970 :‘M"‘v‘ thonsch Brazil Faame 2t i, 1990
Beryyeaitcaceum phean (Spennt. (570 Melsonchur nyper Ttoenach Beazil Vicuuste wt o, 1993
Bevvymadicacrum pitacpesat, 1000 C¢: '-'m“ wsophagus, stomach Bezail Veane ot il 19903
Bervamaivcocriom stebburers (Bayldie 1947) s 1670 Cawmman [ o, Mol Ussnformed Beazil Vanute wt o, 1955
Borvavaldcorcum 1p Mehinoiwhor mger stom ech Beaall Cardeso = al., 2012
Beevamadtcacrun bayfil (Torumes, 1950 Spomt 1970 Carveay erocadibis stonach Beastl Masstaghy, 7010
Benvamsitcorrum stckboven: (Baylie 1047) Carrsy crocadiba stoemach Bzl Mezinghy, 200¢
Bervanslicacrum pestacipeeat. 974 Carmey crocadib 2honach Beazil Mezsiughy, 2050

Fig. L. Brevindticaccun baylisi stomoch parssise of
Caimun crocadilus (A) Male anteior extremity, lnteral
view, lips, nerve ring, excietory pore, esophagus, and
initial portion of the istestinal caecum can be
observed Bar = 20 jum. (B} Anterioc extemiey, dorsal
view, Jdorsal lip. Bar « 20 pm. (C) Female, showing an
immediately preequtorial vulva (vl Bar = 20 pm
{D} Ventriculus. Bar < 10 pos, (E) Egas. Bar « 10 pos
{F) Gubernocubam. Bar = 10 jm. (G) Posterior end of
frxnale, Lateral view, e, and phasmid Bas ~ 30 pos,
(H) Postesior extremity of male, luenl view,
obsesved gubernaculum, papiline and spicales. Bor
20 pm.
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Fig. 2. Beevimudticoccum baylsé, stomach parasite of
Camen crocodilus (A) Male moterior extremity, lip
{Ib), perve ring (nr), exaetocy pore (ep), esophagus
(e), s mtestisal caecum (ic). Ba ~ 100 pm, (B—C)
Ventrieukss and its appendsges. Bar - 5O po (D)
Anterior extremity, docsal view of the esophagzos (e)
and ventriculus (vel Bar = 200 pm, (E) Eggs. Bar

100 pan, (F] Feamle, showing an inunediately pim-
equutorial vidwa (v) Bar ~ 40 pus (G) Fessale pos-
teror end, side view, aous (3). Bar 100 pm. (H)
Posterior extremity of male, lateral view, cbserved
subemacalum (g) and spoceles (es) Bu <« 200

Fig. 3. Scanning electon micreacopy of male Brew-
medticaccom daylix, stomach parsite of Calmim oroc
odéha. (A} Antesior end, showing deirids (mrrowhead)
aod Eateral lioe (anow), Bag 100 s, (8) lowert,
fram the budchapad deiid. Bu ~ 5 ju; (C) Antesiow
extremity, latero-apical view, ventiolateral lip with
amplad (o) aod popills (p); doesal Ep with & hon-
shoped extension at the apex (mvow ) Bar « 20 ung
(D} Ventrolateral lip, showing small dentigers (ar-
rownl, aunche (aovowbead), and cleft (%), bar 10
a0, (E) Ventrodecsad view of the nule’s radl with cthe
tip of the spicdde and subemacolum partially exposed
{arrowhexl). Bar = 20 pax (F) Ventral view of the
posteriar end, one can obwserve the distribation of the
papillae and the exposure of the sploules. S -~ 100
pm, {G) Postegioc end, ventrolaceml view of the
spicales, with detail of the spicdar wing. 8B = 100
pm, (H) ™ eml ing postel I
papillae. Bar = 50 pss; (1) Horseshee-shaped median
papilla. Bar « b pum

al
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Fig. 4. Scannlng election micrcacopy of female Bre-
vinultieaecusw bayld, stomach parasize of Coimen
crocodifus. (A) At the anterior end, we can observe the
dorsad lip with two Exge papille (p) and binmily
disected assicles (arrowbeads), ventrolaterd Up with
amplid (n). Bar « 20 pm. (B) Lareral view of the
dowsal Jip, winged, showing the large popdia (p),
dentigerons cvest (mvowl, aml lip spex with hom-
duped expanon [urowhead), By« 10 . (C)
Lateral view, demsoastiating delrid (amowhead) and
Iateral fine (arrow), Bar = 20 ym. (D) Excretory pore
Bar = § pm (B) Vulvar vegion. Bar = 20 pm. (F)
Cosécal 1all, with the plesence of 2 hteral phasmid
{arrow). Bar = 50 pm

Fig. 5. Stomach of Caman crocodig parasitized by Srevimslficaecam baylisi: (A-I) Mactoscopic view of stomach with severe ulceration and presence of belmasth

(arrow white and srow black), Bar: 2 em. (C—D) Macwscopic view of the stomach with small wdenes {arrowhead ). Boe: 2 e

@
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length 182 min (131-2.17), repeesenting 57% of esophag

lergth.
Ventricular length and width 104 « 130.10; anterior ventricular ap-
perxlages 583 lengtly p ion laterad appendnges 3.83 lengtly and the
posterior median appendage 7.5 length, Distance from anterior end ro
excretory pare, nerve ring, and deirids 349,52 (300-457.14), 432.08
(371 42-514.28), and 425.83 (346, 66—570). respectively. Tail shoet,

|, slightly curved doesally, g 235 (178.33-283.33)
length. Onmpmm! laterad phasmids. Di froem end to
valva 575 mm (3,85-7.05), vulva Jocated 49.5% from antesior end.
Posteriody directed muscular vagina. Two uteri, nmphidelic. Marula
stage eggs with thick shedls, ovoid 1o round, 50 eggs messwed: 72
(62.5-80) » 46 (42-52) (s 2C, E, G, 4A-F)

Upon gross examination, nematodes were observed within gastric
uloers in four € crocodils spectmers (Vig 51 In histopathological
analysis, we observed an area of ulesration caused by Brewindticaecion,
Numerous peeudocysts and several helminthic forms were identified,
Indudln;qp(l % nA) hwlupo-sblo to observe nbsent or fragmented
g from the paresitic infection, al-

in the nnrsc -uuhezou.nnlﬁhmuptuenm(henm

ling w the sub (organized fibroplasia), In another feld, it

was possible to observe a segnwent of the mucosa with an inflammatory

reaction, wlxh the presence of neuuophth ecainophils, lymphocyses,

and phoges, pt inantly lymphocytes (Vg 6B) In the sub

and & | o thaewﬁhuplumuﬂmqmlﬁp

faction due to peaosis caused by severe tissue daasage assocised with
pasasites {Vig. 0C)

5. Discussion

This geous, Brevisulticaecum, is found in the stomach of Crocodyles
spp. in Afric, India, end Austmlin (Vicente <t al. 1992), and in the
esophagus and stomadh of alligatons, caimars, md crocodiles in the

Veternary farastolyge Repanal Stades and Reparts 43 (2023) 100905

Fig. 6. Fhomkmgnq:hl of dm stomach of Calvan
crocodidus | by Bre i m  baylisnd
staines] wigh hematoxylin and eosin: (A) Pyeislocnts
ae wlentfiod (nrowy) aml the presence of epen
{arowhead ). Bar: 200 pm, Stalnieg: Hematoxylin aml
casis, (B) In mother fiell of oducrvation, there & 2
segment of the mucosa with an extense influsamarory
reaction, with the peesence of polymocphooociear
cells, lymphocytes, macrophages and fbroplsia. Bar
50 pes (O A snall wen with isfact tissue, nicoss
{Ma) Musculu mucosa (Mu), submuccea (Su) Is
absesved In the lesion, mucosal muscle is absent or
lmpmud (white asterisk), site of the pamntic

jon with al of the A aml
saon. fibeosia o«umng in the area and extending 10
the ived fibroglasia ( head),

I the -bmnn-a and internal mvercle thee is a3
dissessinated process, fitvoplasia (wvowhes!) aml,
more internally, liguefaction dwe to the presence of
pyogenic collagen material (yellow miesrah). Some
helminthic forms are kentfied (amow). Bar 2 mm
(D) Cross-section of the stamach with observation of
the Belmath (astorsk). Bar: 100 jm. (For intespre-
ttion of the tedesences 1o cobowe & this Baue legend,
the reader b referiad to the web vemica of this
article. )

Americas (Clbbone. 2010), The nematodes of this study fourd inserted
in the stomach mucosm of Caiman crocodifies from Peru presented
mocphological characters compatible with the descriptions present in
the litecature for the genus Brevimulricowcum, while the main morpho-
logical churncteristics that allowed the exclusion of other congener
species recorded in reptiles and fish (Table 2) were the position of the
excretory pore, nbsence of lateral line, disposition of pre and past
cloacal papillae in males, absence of medion papilla, and in females the
presence of didelphic utervs (prodelphic or opstodelphic).

In our research, we idenzified B baylisi, & species that has winged lips
Ins the shape of a diamond, bom-like prolongarion present in the center
aof the anteriar bosder of the dorsal lip, and pymmidal ingerlabia. Pres-
ence of o lateral line, nn excretory pore anterior to the netye nng. and o
ventriculus with two antetior and thiee postetior opp H
contrary to what was described by 5 ot (19; 79, lnmutpmmma. rho
presence of n dentigerons erest wos obnerv«l an dw {aternnl surfoce of
the tips, while In males, the prosence of o median precioacal papiila (in
the form of & harseshoe) was observed in LM and SEM.

Thes= characters, not previously described, con be explained by the
faet thar there are few specimens available for analysis wsing SEM in the
studies by Spee e (1979, Our resenach thus adds thess chasncteristios to
the eriginal deseription. The absence of dentigeroas tidges wes recorded
by Haylis (1925) and Tiaviesos (1933) in the species Brevinuanicaecum
baylisi, 8. stekboveni, B. teruicolle, and B. pintod. In 8. stekhoveni, there is o
bt fly-shaped ventricuhs with fou mppznlga as recorded in Mel-
ancsuchus niger in Broxil. B. in the b of
A misshaipypdorsts in the United States has a ventriewlis with four shoet
appendages and non alate specules. B. pinrol, foumd in the esophagus and
stomoch of Caiman latirostris (Daudin, 1801) in the Netherdands and
Beazil, hay specule with o mote distinet alee at the mtecios end.

B vandenbrardeni (Baylia, 1929), described in Caiman milotices and
C. cataphractia in the Congo, has elongated lips and winged margine
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Table 2
Momphological ch of Brovimudri pp. in repriles and Bsh
b o : kst B vandesbrandey B haydu B avkhowem B 0 ghooes
o Comen mocodlin Crocoddin sletrur Cormon enon oxliline Caloven Al Camm o { A
Locality Pors Veaezseds ezl Amuterdam oo Viesza Musesm
Rafesence Preses srully St 1079 Spemmt, (UM
Mae
Deatigernin cadper Preosat Absent Abosst Absar Absent Abness
Lipe Alztw Abte Alztw Alate Al AL
Lipe beed Heendlhe Unifoctmd Hom like Coaspicveus Hotn Ehe Absest
faserlabe Pyeamidad Serizted Pyszmidad SBamp Trlsmpubuy Lacygw
Lateral sk Premat Ustissbectred Unirfersed Unisfarmed Present Present
Cervieal ko Abseat Uninforond Abgest Abssar Alnent Absest
Fwrecon pare Previow N2 Previows NR Previow N2 At bevel NRU Frevton NR Fosterior AN
Ventricke
Asterice 2 2 2 2 2 2
Posteriar 3 0 3 2 3 3
Pl
Poeclosczis subventrals . 4 4 ‘ Unbarowes
Adakocoie 1 1 1 of mose T 2 1 & mare Usboowa
Paroc bac s sebventaaie 3 2 3 3 3 Usnkaaws
Ppda medizng cu placs mediasa 1 Abeent Unirfoemed Prewat ity a4 Lab
Paschorss sbventasls 2 2 2 2 2 Usbstoves
Poachacas wbdorl 2 1 1 1 1 Uslnowa
Spicule Alzte Alte Alatw Alate Distinet alae Unkaoves
Gubermaculun Presest Precern Presest Presemt Present Ushiows
Feanle
Vigm lozg Shaer Lung Shewt Leng thoat
Alvow No sszous Alsow No zeacus No sinous No zinees
Utsw Anglielphic Predelplic Anghitelph Upstodelyhs Aauplidelph Opstudelph
Marpbametric <n, Ll | Aata B tnaieelle B regoi # wlewpag 2 |
P P ak a ‘. 10 Sracodd
Localiy Perts Germany Too Parageay River Atralis Prilippines
Relvewnce Proowre sy Spewax. LU0 C—— ) Machida, 1002
Mie
Dentigeenin ridges Preser At Alee e Abennt Untefarmed
Lips Alzew No dzte Alze Alate Unicformed
Lign beed Hoen liae Smeoth, Hors Ule Unisdormmed Usdnfonned Unisfarmed
laterdads Trion geles Triaegalor Triaegake Present Uniefermed
Lareral dae Present Uninformed Abses Abparit Unieformed
Corvical alow Abwnt Azt Alsze s Absant Unteformed
Excreter pore Previsus NR At leved NR Not seen Atfevel NR Provioss NE
Ventriches
Asterice 2 2 2 Unizformed
Pocterive 3 2 2or 3 (digibecrs bulbowm) 2 Unisfermed
Popillee
Fav-cloarais mbvenmals 4 - “ 4 4
Adchacals btersis 1 1 2 1 ]
P o s webvenrizsie 2 2 Dauble 2 2
Medion prwcioacal papills ] Uninformed Abssst Precait Double
Pezchacns ssbventzsls 2 2 2 2 2
Poovhaas whdorsel 2 1 1 1 1
Spacule Alaze Aare Seder Alare Alse’
Gubwmaruban Preanm Prmsent Wowswis LY Fromat
Tail Sharp poet Saarp pont Eharp pomt Ed=p poizt Shup potst
Vagers Loog Shost Long Share Unicformed
Sioous Thich Bawsus Stauwus Unigfermed
Ureso Atnphidelphilc Amphidelphic Awghiidelphic lidelpl Unlefermed

NR nerve ring; o based on the description drawing.

(Sprene. 19769), Female specimens of Beevimudticaecum found in the
stomach of Melanosuchus gy from Brozil mnd described by Spon
{14974) as o new species due to their more anterior position of the vulm
and relatively short and thick vaginn were numed B, gibeoni. Our spec-
imens do not fit into any of the mentioned species (see Tables 2 and 1)
The imnges (lustrated by Spoes (1992) werve ns a guide foe identifying
the genus Brevinndricaecun mentioned i this sdy,

Histological sections of the b infected by 8. baylisi revealed

intease inflanmatory infiluates i aress where this tematode wos
attached. The fixation suggests that these pamsires in the gastric mucosa
promote deep ulcemtive lesions, similar to those obsesved by Cardoso
“ub (20120 in Melmosuchss niger by Brevimidticaecuon sp. and by Sul-
cascaris sulcata in Carettx caretta (Suntoro et ol 2019). We place this
information as peeliminary dotn that will allow us to chamcerize o
parasite-host relationship with a larges oumber of infected tissue sam-
ples in future studies In this resencch, we ecord a redescription, with
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Table 3
Mophometnic comparizon of Brevimuiticoeaum baylin' collected from Caiman crocodilur in Feru with Hrovimalticsecum species from othwer arocodilians and fish hosts,
b . N vanderdrand, B baydn & dayha & wekbavens L LT B glesw
cuzncwristioa Baykn
Specimen ve Male  Female Mol Pomaln  Male Male  Fomale Mzl Pemale  Male  Female Mile  Femals  Female
T Colman oroondide  Crevadybus [T Medmiesarhan Covman [ Cowan larwoutrn  Malon asaebus
Loality Peew dancus eracoddne nyger cracoddas erosodibu Dozl instituto nger
Caapn” Veezsels Bzl Beazil Amzterdam Zoan  Oowsldo Gz Vieza
LUSTIY
Refesence Fresear sudy Speear, 1970 Fpteen, 1979
Tatd body (L) * 1034 118} w7 z e 103 o4 a7 308 154 14e 108 us 128
Maxirin body 297w 510 00 m0' 1w e’ o' At b2 340 290 200 EL)
W
Neveutng (L% 369 40 60 650 “60 @ B s« w w0 “ M0 3w
hhm pee L) 339 3955 0 "o a0 E 30 410 3m <00 g oot 200 k0
.
-
Duith ** WS  amss - = - = - - = = = - = =
Totad esophages 205 ast ‘e 52 230 20 La0 30 50 130 230 180 Ls0 L3O
wr
Caecus (L) * La 142 270 390 160 L0 120 230 340 Lo 150 1,10 Lo0 Li0
Tall (L) * w p b 7o 340 o) 1o M0 190 510 70 %0 o0 120 =0
Lefr ypionde (10 * LR - m - alo 0 - ast ~ a0 - AL - -
Right spleule (13" 820 — - - 810 120 - o9t - 180 - e - -
Qubsemarulum (L) 150 - 160 - 1no 190 - 15 - 1 N 140 - -
®
Vidys (L= © - 573 - 0% - - 41 - 1w - 690 - 43 28
Bophages/TL(%) 1982 2162 1925 1925 19.33% 1941 2048 1705 1493 1348 1575 1666 17,65 1428
Creoum/ ™24 AT = - .56 W87 h0s GZ16 TN oL e o052 .06 o
Fsophagus L (W)
Tall/TL (%) 0.8 193 - - a7 Lo 286 us? 145 522 123 555 L4t L
Vidvas/TL (W) - 4052 - - - - -« - 4253 - 7.2% - .58 263
* Speciuen 15 1 2 2 - - - - - - - - - -
i h b n i R avaaale B mgec B wlenpag) B sustrakenn
by
Specicen sex Male Feurale Mals Feude Sude Famle Male Fetale Male Ferzale Mele Fermle
tooe Camtn cracodier Allgzter Alkpetor Petomotrygn Crocofde: Crocodius poranu
Genusny Zov Gearwany Too Faaagaoy River
Nefecrice Prowss srudy Tpeent, |19 Spenen, 1000 Machids, 1002
Totad body (L) 0™ 116 148 23 1.2 153 230 Mo 10.3-17.7 84469 149-2% 7704
Mol body (W) »r w0 1% w0 20 3w M 100 JOIX 190050 HOTI0 TWN50
Neevosing (L) 350 45 0 %0 &50 520 650 e 20 590 06470 410 &70 530487
Encrecary poos (1) ° N9 3B 30 30 o 4% - - 390630 N0-70 370360 430330
Desite * 08 e - - - - - - - - - -
Total wmphages (W) 205 as1 22 1€ 25 31 150 360 130-240 100290 2158365 440505
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Abstract: Efwlichio spp., Anaplasma spp, and Babesia spp. are obligate intracellular parasitic microorganisms found in the blood of
domestic animals. Until then, there were no reports of these hemoparasites in dogs in the northeast of the State of Pard. The aim of this
study was to record cases of natural infection by Ehrlichio sp., Angplasma sp. and Babesia sp. in dogs from [ha de Algodoal/ Matandeus,
State of Pard, Brazil, through the detection of DNA from these agents. Whole blood samples were collected from 52 animals, without
considering breed, sex or age. Inclixde results for different species of animals and parasites. Molecular analysis data showed 50% co-
infection for Ehrlichio sp. and Anaplasma sp. This study allowed the detection of Ehrlichio canis and Anaplasma plofys in domestie dogs
on Algodoal Island, an importast ecological toutism site in northern Brazil.

Keywords emogumsites; mammals; Brazlim anazon; xoo00ss; PCR

1. Introduction

Vector-Bome Diseases (VBDs) are illnesses caused by viruses, bacteda, spirachetes, rickettsia, and parasites which are
transmitted between humans, or from animals to ans through blood-feeding arthropod vectors. Since clinical
manifestations can vary from no visible symptoms to severe and possibly deadly conditions, VBDs play an important role in
veterinary medicine because they affect both pets and economically valuable livestock, and they are a growing public health
concern due to thelr zoonotic potential (Savi et al, 2014; Chala et al., 2021).

Ticks are the second most common agents of VBDs, as thev are hematophagous arthropods distributed woeldwide, which is
due to their ability 1 adapt to various hosts, environments, and climates (Dantas-Torres et al. 2012), In recent decades, ticks
and tick-bome diseases have experienced geographic range shifts, resulting in changing rates of tick exposure and the spread of
tick-bome zoonoses as Lyme disease, babesiosis, ehrlichiosis, anaplasmosis, and tularemia, which have a significant impact on
public health (Aradjo et al,, 2015; Kilpatrick et al., 2017). Although there are hundreds of tick species found around the world,
not all are known o be disease vectors, and the epidemiological importance of a gven species is related w its geosmphlc
distribution. Ixodes (2 ies), Dermacentor (2), Amblyomma (2), and Rhipicephalus {1} are the most common disease-
transmitting ticks in the United States (Chol et al., 2016; Pace and O'Reilly, 2020). According to Zhso et al. (2021), in China,
the most widely distributed tick genus is Dermacentor (574 counties), followed by Heamaphysalis (570), Ixodes (432),
Rhipicephalus (431), Hyalomma (298), Argas (90), Omithodoros }38), Amblyomma (37), and Anomalohimalaya (5). Brazilian
ticks include 70 species, 47 in the family Ixodidae and 23 in the family Argasidae. The genera Amblyormma (32 species) and
Omithodoros (18) are the most representative (Dantas-Tormres et al., 2019). Another vector species of great importance is
Rhipicephalus sanguineus sensu lato, a cosmopolitan tick found throughout Brazil (Caetano 2016; Labruna and Pereira, 2001).
It has a predilection for domestic dogs and is the vector of a series of pathogens that can infect dogs and humans, causing
diseases such as ehrlichiosis, anaplasmosis, and babesiosis (Groves et al., 1975; Greene and Harvey 1990; Nava et al, 2017).

In the context of public health, VBDs represent a challenge, s they require the implementation of contral and prevention
strategies, both 1o protect health of animals and to prevent transmisston of these diseases to humans. Regarding 1o animal
health, identifying agents of VBDs is an essential instrument for veterinarians in deciding the appropriate measures for
treatment and prevention (Pinto et al., 2018). Since there Is no research data avallable, In this stidy we performed s molecular
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survey aiming to evaluate the prevalences of Ehrlichia canis, Anaplasma platys, and Babesia vogeli in the dog popalation of
the Algodoal village/Maiandeua island on the northeast coast of Pari, Brazil

2. Materials and Methods
2.1. Ethical aspects and Study area

From November 2019 w August 2021, 123 surgical castrations of dogs and cats of Algodoal village (-0.6066301, -

47.5611076) In Algodoal-Malandeua Environmental Protection Area (EPA), which is located in the municipality of Maracans,

Pard, Brazil, were performed within the scope of the Amazdnia Veteriniria Project - AVP. These procedures were authorized

Ilujy the Ethics in the Use of Animals Commitiee (CEUA) n*23084.010805/2017 of the Federal Rural University of the Amazon,
FRA, approved in 2017, effective from November 13, 2017, to August 10, 2021,

The Algodoal-Malandevs EPA (0034702 10 0073855 south latitude and 47°31'22" 10 47°35'56" west longitude) has an area of
about 3,100.24 hectares (7,661.1 acres), and is a conservation unit for the sustainable use of nature which protects two coastal
Islands, Algodoal and Maiandeus (Lisboa 2017, I1deflor-Bio 2019, Castro 2021), with beaches, dunes, mangroves, and
wetlands that are home to fishing people and are popular with Brazilian and foreign tourists. The Amazonian orial climate
Is predominant, and the tempersture averages between 26°C and 27°C, with a maximum reaching 34°C and o minimum of
around 19°C, with a small thermal amplitude caused by the location coaditions of the Municipality of Maracand. It is in the
Salgado region and benefits from strong sea winds. The highest rainfall index occurs in the first months of the year, from
February to April, and the lowest is between September and October. These precipitations are around 2.000 mmvyear (Governo
do Estado do Pard, 2007).

Access to the island region from the state capital of Belém is via the BR-316 highway to the city of Castanhal and 120 km via
the PA-136 and PA-318 highways, arriving at the port of Marsdd District, municipality of Marapanim. Afterward, access to
the island is done by boat, a crossing of about 40 minutes to the port of Vila de Algodoal (1deflor, 2019; Castro 2021). There
are still some areas covered by the original drvland forest in the municipality. With the intensity of deforestation, there is a
predominance of secondary forests in the rathon stage, and the floodplain vegetation is found on the banks of the Caripi
and;;(amcana rivers. In the semi-coastal coastal areas, there is a predominance of mangroves (Governo do Estado do Para,
2007).

Based on the registration carried out before the sterilization program, Algodoal village/Maiandeva island had 303 domiciled
dogs in 2019. In addition to this, approximately 50 other non-domiciled dogs were sighted during the activities of the AVP
team. The samples obtained for the present study were obtalned In two work missions, the first in November 2019 and the
second one in December 2020. During the first mission, 39 animals (32 dogs and 7 cats) were sterilized, and in the second one,
B4 (63 dogs and 21 cats).

2.2, Sampling and collection of biological material

The study analyzed a total of 52 (32 and 20, from first and second missions, respectively) blood samples of dogs { Canis lupus
familiaris) mixed breeds, which were randomly selected regardless of their clinical status. An epidemiofogical questionnaire
was used by the animal guardians to obtain information about the dogs' breeding routines. The information included gender,
presence of ectoparasites as ticks and fleas, if they have been living with other animals, the socioeconomic level (high,
medium-high, medium, medium-low, and low), and the age group: young (up to 1 vear ofd) and adults (1 to 5 vears old).

Under chemical restraint, and by cephalic or jugular venlpuncture, approximately 5 ml of hiood of each animal were collected
using tbes with the anticosgulant ethylenediaminetetraacetic acid (EDTA). These biological materials were o%opul&'
transported in polystyrene boxes with recyclable ice. Then, in the laboratory, the samples were refrigerated at -2 unt
processing.

2.3. Laberatory procedures

Genomic DNA of exch san:flc was extracted from 300 pL of whole blood using a ssandard phenol-chloroform procedure, as
described by Sambrook et al. (1989). DNA quality was checked by electrophoresis on an agarose gel, and the DNA was then
quantified using the Qubit 2.0 fluorometer (Thermo Fisher Scientific, Waltham, USA). Molecular detection of Ehrlichia canis
and Anaplasma platys was performed following Rufino et al. (2013), while DNA research of Babesia vogeli was performed
according to Moraes et al. (2014). Genomic DNA of blood samples of dogs previously identified as infected with E. canis, A.
platys, and B, vogeli were used as positive controls, while sterile bi-distilled water was used as the negative control,

Since Rufino et al. (2013) and Moraes et al. (2014) are based on a nested and semi-nested PCR, respectively, to properly
identi pathogens species, amplicons of the second round PCR were cleaned using the ExoSAP-IT™ PCR Product
Cleanup Reagent (Thermo Fischer Scientific, Waltham, USA). Then, according to the manufacturer’s specifications, purified
PCR products were sequenced In both directions using BigDye™ Terminator v3.1 Cycle Sequencing Kit (Thermo Fischer
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Scientific, Waltham, USA) in conjunction with an ABI 3500 xL Genetic Analyzer (Thermo Fisher Scientific, Waltham, USA).
BioEdit software (Hall, 2011) was used to align forward and reverse sequences.

2.4, Statistical analyses

D-.?ta were tabulated and weated statistically by simple descriptive percentages, implemented by Microsoft Excel 2016
software.

3. Resultados

During the missions in the Algodoal village/Maiandeua island many dogs were seen roaming the streets and beach without
adequate sanitary care (Figures 1A and B). The presence of ectoparasites (mites, fleas, and ticks) was observed in 61.5%
(32/52) dogs, with flea infestation being greater than that of ticks (Table 1), Coinfestation by tick and flea was the most
common observed. As recorded at the time of sample collection, none of the animals received any medicing from the twior or
veterinarian. This fact has ensured the representativeness of the susceptibility of the studied animals to infection. All samples
were collected from animals able to undergo castration surgery (Figures 1C, and D). Of the 52 (10096) animals analyzed, 42
were females (80.68%) and 10 were males (19.2%), with a margin of error of 10%.

Figure 1 - Algodoal Island (Maiandeua) is in the state of Pard, nonthern Brazil, A-B. Presence of dogs i the center of the island and va the
heach C. Application of the questionnalre; C. Application of a questionnaire on the day of the dog and cat sterilization campaign.
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Ectoparasite Mission 1 (n = 32) Mission 2 (a = 20) Overall (n = 52)
Presence (%) Presence (%) Presence (%)
Tick tanly) 41250 0 a0
Flea (only) 6(18.75) 7(35) 13 {25)
Mite (only) n 0 0
Tick + Flea 7(21.88) 0 7(135)
Tick + Mite n 2(10) 213.85)
Flea + Mito 31(9.28) 0 3i5.77)
Tick + Flea + Miw 2(6.25) 15 3(377)

Tab: 1 - Absolge and relative frequencies of ectoparasites in domestic dogs of Algodoal village/Malandeuz (sland, Pard, Beazil n =
sample size.

Sequencing of the second-round PCR amplicons of E. canis and A. platys vielded sequences, including primers, that were 289
and 212 bp long, respectively. Alignment of all sequences resulted in one hap 10 E. canis and as well as one to A. plarys.
The respective Blast search of two haplotypes resulted in 100% nucleotide identity in comparison to sequences
KC 109445 of E. canis and KC109446 of A. platys, which were detected from dogs of Belém, Pard (see Rufino et al. 2013).

The prevalence of positive samples for E. conls, A. platys and B. vogell are shown in table 2. Overall, E. canis DNA was
detected in 6 (11.5%) dogs, while A, platys DNA was also detected In 6 (11.5%) dogs. Coinfections by E, canis and A. platys
were detected in 4 (7.7%) of all dogs analyzed. Considering only dogs with PCR positive for E. canis, A. platys or both, Le., 8
dogs (15.4%), coinfection rate for both missions was 50% (4/8), Tick-bome pathogens were not detected In 44 (84,6%) of all
dogs. Bobesia DNA was not detected in any sample of our study,

TBP Mission 1 (n = 32) Mission 2 (n = 20) Overall (n = 52)
Positive (%) Positive (%) Positive (%)

E. canis {only) 1(3.13) 1(5.00) 2(3.85)

A platys (only) 2(6.25) 0 2 (1.85)

Babesia spp. 0 0 0

E, canis + A plaiys 4(125) 0 4(7.70)

Cverall 7(2148) 1(5.00) 4 (15.40)

Table 2 ‘-&_Absolue and relative frequencies of tick-boeme pathogens (TBP) kn dogs of Algodoal villageMalandeus island, Pard, Brazil. n =
sample s
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Reference Locality (n) Prevalence (%)
Diniz etal (2007) Botucatu — SP (1948) 777

Ueno et al. (2009)! Botucatu — SP (70) 40,0
Macicira et al, (2005)' Rio de Janeiro ~ RJ (226) 150
Dagnone etal. (2003)! Londrina — PR (129) 220
Dagnone et al. (2009Y Jaboticabal - SP (35) B8R0
Nakaghi et al. (2008 Jaboticabal — SP (30) 533

Faria et al. (2010F Jaboticabal — SP (40) 725

Bolla et al. (20047 Botucatu —SP(217) 30.9
Santos et al, (2009)° Ribeitio Preto — SP(221) 389
Carvahho et al (2008)° lhéus-Itabuna — BA (153) 748
Dagnone etal. (20097 Campo Grande ~ MS (26) 384
Scares et al, (2017) Campo Grande ~ MS (181) 5.5
Ramos et al. (2009) Recife - PE (100) 57.0
Sousa (2006)° Cuiabi — MT (60) 200
Rufino (2013)' Belém — PA (200) 240
Costa Jr (2007)} Lavras - MG (97) 1.03
Costa Jr (2007) Belo Horizonte — MG (49) 2449
Costa Jr (2007)° Natwgue — MG (1(2) 2647

Tnblewiii Summary of prevalence of Ehrlichla canis in Brazilian domestic dogs based on molecular diagnosss. TPCR, 2pesed PCR, 3Real
time

Reference

Lasta et al. (2013)°
Soares et al, [2017F
Melo et al. (2016)
Cosia (2015)"
Vieira (2017)*
Cossa Jr (2007
Costa Je (20075
Casta Ir (2007)!

Locality (n)
Porto Alegre - RS (199)

Campao Grande -~ MS (181)

Poconé - MT (320)
Goténia - GO (500)
Espirit Santo — ES (178)
Lavias - MG (97)

Belo Horlzone - MG (29)
Nanugue - MG (102)

Prevalence (%)
14,07
16,96
719

b
6
722
408
19.61

Tableq—%cu;{n'yapmotmmmmmBmmmmmpMmmMmls. 1PCR, 2nested PCR,
IReal time
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4. Discussion

Over the past years, there has been a significant Increase in the number of cases of VBDs in several reglons worldwide (Gubler
2010; Chala and Hamde 2021), and preventive actions such as (1) identifying the drculating pathogens, (i1) implementing
effective measures for epidemiological surveillance, and (i) establishing appropriate vector management strategles are
essential in reducing the Incidence and mitigating the impact of these diseases.

In this coatext, to the best of our knowledge, this is the first survey of vector-bome pathogens carried out in Algodoal
village/Maiandeua ksland, on the northeast coast of Pard, Brazil, which has a domestic dog population living In very close
contact with local vegetation, wild animals, migratory birds, and the local human population, as well as tourists. These factors,
in addition to the environmental conditions, may favor the proliferation of ticks and, consequently, the dissemination of vector-
borne pathogens (Temoche et al., 2022),

Regarding the results of the ng;esenl study, the overall revalence of E. canis in domestic dogs of Ali'odoal village/Maiandeua
island was lower than that observed for most records from other Brazilian localities (Table 3), including Belém, Pard, Brazil,
which s 140 km from our study area. On the other hamd, the A. platys prevalence we found here is similar to that recorded
elsewhere (Table 4). In general, higher frequencies of infection are expected in regions where the tick vector is more abundant,
and differences In the prevalence of vector-borme pathogens can also be expiained by the methodologies used for diagnosis,
geographic regions evaluated, sampling period, vector, and host (Benavides-Arias and Soler-Tovar 2020). Costa Jr. (2007)
provides an example where the overall prevalence of E. canis and A. platys was found to be lower in urban areas com; to
rural arcas i Minas Gerais, Brazil. In that study, infestation by R. sanguineus ticks was identified as the sole risk factor
contributing to this difference, particularly for E. canis. In this sense, according to our observation of a low prevalence of tick
infestation, this may be the case in Algodoal village or Malandeua island.

Despite the ﬂ:tvnlmcc of E. canis and A, platys in Algodoal village/Maiandeua istand, one of the most notable results of this
study Is the high frequency of colnfections in comparison w individual infection rates. Among factors potentially contributing
to this condition, we point out the unrestricted movement of dogs within Algodoal villageMaiandeua island, which has led 10
close contact between animals in a territorially limited area, as well as the lack of preventive measuses to contral tick
infestation. According to Sousa et al. (2021), anaplasmosis and ehrlichiosis are recurrent diseases, and their coinfection has
been growing among domestic animals. It is necessary to Implement the best way of diagnosing these diseases by assoclating,
in addition to clinical signs, molecular tests. In our research, animals coinfected by Ehrlichia and Aneplasma did not show
significant clinical signs, although in some cases, oral and ginglval mucous membranes were slightly pale, capillary refill dme
increased (> 3 secomds), and eye discharge was observed. Clinical signs are evidenced mainly in young animals (5-10 months
old) and may also be related to endoparasites.

Another relevant result of this study [s our failure to detect Babesia ‘ﬂ) which may reflect our small sample size (15% of the
total population, ie,, domiciliated and non-domiciliated dogs), as well as a low prevalence of infection or even a complete
absence of this pathogen In that locality. Unfortunately, data on canine babesiosis in northemn Brazil is scarce, Panti-May and
Rodriguez-Vivas (2020), hmllmﬂnf avallable data on canine babesiosts in Latin America and the Carlbbean (from January
2000 to December 2019), reported only 34 published studies, which showed prevalence varying considerably based on parasite
species and geographic location, with values close to zero to 26.2%. In porthem Brazil, an exception is the study of Moraes et
al. (2014), who, based on the same detection protocol used in the Enesem study, reported a prevalence rate of B. vogell in
domestic dogs in Belém, Pard, Brazil, equal to 15.7% (27/172), which, in comparison to other studies (see Panti-May and
Rodriguez-Vivas 2020), is moderately high. However, since it was based on a relatively smaller sample size, the contrast with
our findings supports the hypothesis of a low prevalence or even the absence of Babesia In Algodoal village or Majandeua
island.“ Confirming the occurrence of Babesia spp. in this area requires extensive research, including long-term epidemiological
surveillance.

It is worth highlighting that Algodaal village/Maiandeua island, located on the northern coast of Brazil, play a role as an
Important stopover and wintering site for a number of aquatic migratory birds (Gomalves et al., 2007, Krietsch et al., 2017).
The ecology of aquatic birds, such as thelr migrat;ﬂ behavior, diet, habitat use, and aggregation habits, has direct effects on
the global distribution and diversity of vectors pathogens (Morshed et al, 2005; Abdelbaset et al., 2023). Thus, this
reinforces Panti-May and Rodriguez-Vivas (2020), who highlight the need for further research in order to enhance our
understanding of the ecology and epidemiology of Bobesia spp. in dogs in Latin America and the Caribbean.

In general, our results coptradict the hypothesis that animals with an exclusively outdoor lifestyle, living virtually in sympatry
with S{Ivatic species, and without regular controls and reatments, as in the case of the dogs studied here, are more exposed 0
the risk of infection. Based on our observations, especially during the second mission, the most coherent explanation for this is
the low prevalence of tick infeszatlon.

The transmission of VBDs requires an introduced and/or established vector population, a pathogen, and suitable environmental
and climatic conditions across the full cycle of VBD transmission (Randolph and Rogers 2010), It is widely known that ticks
are susceptible to dimatic determinants, specifically humidity and temperature. Indeed, a high incidence of tick-borme disease
has been reported to be linked with moderate winters and humid, warm summers, although incidence may also be affected by
the influence of climate on recreational activities (Ostfeld and Brunner 2015), Since the temperature in Algodoal
village/Maiandeua sland is favorsble, its low prevalence of ticks, as we observed here, seems to be influenced by other biotic
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and/or abiotic factors. Showler et al, (2019) studied the relationships between some abiotic and biotic factors that influence
ixodid distribution. observed (i) exposure of lone star tick, Amblyomma americanum, and Rhipicephelus microplus eggs to
hypersaline water is lechal; (1) although intermittent hypersaline flooding kills ixodid eggs, saline soil was not particularly
toxic; (1) when relative humidity is relatively low, desiccation causes high egg mortality on dry soll, regardless of salinity;
and (iv) substantial year-round populations of mud flat fiddler crabs, Uca rapax (Decapoda: idae), on saline soil
eliminated 80% of an Amblyomma americanum egﬁlmasses overnight. Since Algodoal village/Maiandeua island are situated in
the "salgado paraense” region, it i reasonable 10 believe that at least the influence of saltwater toxicity and predation by crabs
on survival and the abundance of ticks occurring there should not be overlooked.

Although the results of our study are primarily relevant to veterinary concems, its significance for public health should not be

i d because the literature has reported an increasing number of human anaplasmosis cases caused by A. platys and
human ehrlichiosis cases caused by E. canls In recent years (Perez e al,, 2006; M et al, 2013; Arraga-Alvarado et al.,
2014). Anaplasma and Ehrlichie are responsible for causing nonspecific febeile illnesses that are mostly self-limiting.
However, older individuals, patients with underlying medical conditions, or those with weakened immune systems face a
higher risk of experiencing severe iliness or even death if prompt and appropriate treatment is not administered.

5. Condusion

E. canis and A, platys were responsible for naturally infecting domestic dogs in Algodoal/Madandeun island, north of Brazil.
These preliminary data show the need for more comprehensive work with greater sampling effort and the collection of vectors
for the diagnosis of infectious agents transmitted in the APA of Algodoal.
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Abstract

This study aimed to redescribe two speces of Ozolaimus, parasites of free-living green iguanas native to Marajd Island

The gastrointestina! system of four iguana specimens was evaluated for the presence of helminths, Altogether, 12,028
nematodes were found, with a prevalence of 100%, an infection range of 780 to 7,736 nematodes, an infection intensity
of 3,007, and a mean abundance of 3,007, Light microscopy and scanning electron microscopy were used to detarmine
the species of nematodes found ., The cecumwas the site of infection that had the highest parasitic load. Morphologically,
the nematodes were compatible with the genus Oolaimus Dujardin, 1844, with the species Crolamus megatyphion
(Rudolphi, 1819) Dujardin, 1845, and Orofolmus chratus Linstow, 1906, Scanning electron microscopy showed the presence
of small structures (serrated in Qzolamus cirretus and rounded in Ozolaimus megatyphlon) located below the asophageal
loaves. We also evidenced the phasmids in both species; this |5 the first record of these structuraes in nematodes of the
gonus Orolaimus. In addition, this work expands the records on the geographic distribution of these parasites,

Keywords: Green iguana, parasites, nematodes, Ozoloimus, Paré.

Resumo

£ste estudo tem como objetvo redescrever duas espécies de Ozolovmus, parasitas de iguanas verdes de wda livre
nativas da lha de Marajd. O sisterna gastrointestinal de quatro espécimes de guana foi avaliado quanto 3 presenga de
helmintos, Ao todo, foram encontrados 12,028 nematoides, com prevalincia de 100%, mtervalo de mfecgio de 780 a
7.736 nematoides, intensidade de infecgdo de 3.007 ¢ abundincia média de 3.007, Mxroscopia de luz e microscopia
elotrdnica de varredura foram utiizadas para determinar as espécies de nematoides encontradas. O ceco for o local de
infecgdo que apresentou maior carga parastana. Morfologicamente, o5 nematoides eram compativets com o género
Orolaimus Dujardin, 1844, com as espéoes Orolaimus megatyphlon (Rudolphi, 1819) Duardin, 1845 ¢ Ozalaimus dirrotus
unstow, 1906. A microscopia eletréreca de varredura mostrou a presenca de pequends estruturas (serrithadas em
Quolaimus arratus e arredondadas em Ozolaimus megatyphion) localizado abaixo das folhas esofSgicas. Também foram
evidenclados os fasmideos em ambas &3 espécies, Este o primeiro registro dessas estruturas em nematosdes do género
Orodaimus. Além disso, este trabalho ampha o4 regrtros sobre a distribuigio geogrifica desses parasitos.

Palavras-chave: Iguana verde, parasitas, nematoides, Ozalaimus, Para
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Pharyngodonidae in green iguanas from Para State

Introduction

Jguana iguana (Linnaeus, 1758), popularly known as the green iguana, belongs to the order Squamata
(Lepidosauria: Reptilia), the most diversified among the group and one ¢f the most important, which includes about
19 families and 4,500 species of lizards (Barten, 2006; Vitt & Caldwell, 2008), lguana iguana is distributed throughout
the Americas, including Brazil and occurs in the Amazon, Caatinga and Pantanal biomes (Campos & Desbiez, 2013).

Due to their low cost and ready availability, green iguanas have become one of the most popular unconventional
pets in Brazil, making them economically important (Bauer & Bauer, 2014). Additionally, they are herbivorous,
which many owners prefer, as they do not have to deal with providing insects or rodents for food (Barten, 1993).

These reprtiles are hosts for a wide variety of parasites, which can be acquired by ingestion of contaminated
plant material, coprophagy, geophagy, or active penetration by nematode larvae (Anderson et al, 2009). The
authors Loukopoulos et al, (2007) and Breves et al, (201 1) demonstrated that helminths of the Oxyurida order are
commonly found parasitizing the gastrointestinal system of green iguanas.

Despite the growing number of studies related to host parasites of green iguanas in Brazil, most studies are
concentrated in the Southeast, Midwest, and Northeast regions of the country, leaving gaps regarding helminth
fauna in the northern region. The Amazon region still lacks information on helminths related to lizards. With that in
mind, this study aimed to redescribe two species of the genus Ozolaimus of iguana iguana from Marajé Island in the
State of Para.

Material and Methods

From 2019 to 2021, four free-living specimens of I, (guana were acquired dead from residents of the municipality
of Soure [00°43° 00" 5; 48° 31 24" W), Marajé Island, State of Pard. The research was carried out under authorization
from Sisbio n® 68028. The organs of the digestive system, such as the esophagus, stomach, small intestine, and
large intestine {colon, cecum, and rectum), were transported refrigerated to the laboratory. In the laboratory, each
organ was isolated in plastic trays containing 0.9% Nadl saline and analyzed under 3 Leica ES2 stereomicroscope
(Leica Microsystems GmbH, Wetzlar, Germany) to investigate the presence of helminths,

The collected nematodes were washed in 0,9% NaCl physiological solution, fixed in AFA solution (93 parts of 70%
ethyi alcohol, 5 parts of farmaldehyde, and 2 parts of gladial acetic acid), and stored in 70% alcohol. For Hight microscopy
(LM), the nematodes were clarified in a 30% Lactophenal Aman selution and photographed in a Leica DM2500
microscope with 3 DFC310 FX digital capture system with Leica Application Suite V4.4 software (Leica Microsystems
GmbH, Wetzlar, Germany). They were drawn and measured using a Leica DM2500 microscope with an imaging tube
attached, The drawings were measured with the aid of a ruler, and the measurements were converted ta micrometers
or millimeters according to the Leica DM2500 (Leica Microsystems GmbH, Wetzlar, Germany) measurement conversion
table. For morphometric analysis, 25 males and 20 females were used. After those procedures, the nematodes were
stored in glycerin alcohol (70% ethanol with 5% glycerin). Measurements are given in millimeters, unless otherwise
noted, and are presented as average values followed by minimum and maximum values in parentheses,

For scanning electron microscopy (SEM), the nematodes fixed in AFA solution were washed with distilled water,
post-fixed in 1% osmium tetroxide for 2 hours, and then submitted to dehydration in an increasing series of
ethanol from 70% ethanol until 100% for 1 hour in each battery of alcohol, subsequently subjected ta the critical
point of CO, madel K850 Critical Point Dryer (Quorum Technologies Ltd., England), mounted on metallic aluminum
suppaorts (stubs), metallized with gold+palladium, and analyzed in a scanning electron microscope model VEGA 3
LMU (TESCAN, Brno, Czech Republic). Scientific articles and dichotomous keys were used to Identify the species:
Dosse (1942), Leussink (1958), Vicente et al. (1993), Anderson et al. (2009), and Gibbons (2010).

Voucher specimens for the parasites were deposited in the Cole¢do Helmintologica do Instituto Oswaldo Cruz
(CHIOC), Manguinhos, Ric de Janeiro, Brazil, as: CHIOC 39620 a-h for males and females of O. dirratus and CHIOC
39621 a-h for males and females of O, megatyphion, correspendingly.

Resuits

A total of 12,028 nematodes were recovered from four specimens of L jguana, with prevalence of 100%
(n=4), mean intensity of infection of 3,007, mean abundance of 3,007, and range of infection of 780 to 7,736
nematodes. The parasites were found (mixed infection) in the small and large intestine (colon, cecum, and rectum).
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The cecum was the site with the highest rate of infection. The specimens collected are morphologically compatibie

with the genus Ozolaimus Dujardin, 1844, In our study, we identified the species Ozolaimus megatyphlon
(Rudoiphi, 1819), Dujardin, 1845, and Ozolaimus drrotus, and their morphometries were compared to others already

described in the literature for these two species (Tables 1 and 2).

Order Oxyurida,

Family Pharyngodonidae Travassos, 1920
Genus Ozolaimus Dujardin, 1844

Speae Ozolaimus megatyphlon (Rudolphi, 1819) Dujardin, 1845
Ozalaimus cirrotus Linstow, 1906

Table 1. Comparison of morphometric data of specimens of Ozofaimus megatyphion from Jguano guono on Marajé island. PA
with data from other authers. a: The front-end, b: pm, #: number,

matyhion  O.megatyphion  O.megatyphlon  O.megatyphlon
Host lguana iguana (guona iguona rhinclopho {guano (guona {guano iguono
Location Marajo, Pard, Brazil Mexico Alagoas, Maranhdo, Maranhio, Brazil
Golds and Mato Grasso,
Brazil
Habitat Cecum e intestine Cecumn Cecum, colon and rectum Large intestine
References Present study Caballern, 1938 Breves et al, 2011 Otavio et al, 2018
Female Male Female Male Female Male Female Male
Total body length 4.80-757 A471-6.28 625-740 4855350 499657 367476 7I0-810 S540-550
Body width 0.13-0.80 0.33-0.61 062-072 039 056-085 032040 0.70-080 050-0.70
Nerve Ring* 0.22-037 0.10-0.80 - - 0.30-080 0.20-030 - -
Excretary pore 1.30-2.74 1.08-214 - - - - 240-280 1.80-2.00
la-lergthofthe 1"partof 0.74-1.20 0.50-0.86 - - 1.04-1.16 086-056 1.15-136 03009
the esophagss
1b-Widthof 1st partof  0.07-0.24 0.10-0.16 - - - - - -
the ssophagus
2a-Llength2nd partof  0.42-137 0.30-1.02 = B 139171 089122 1.17-162 1.10-1.16
the esophagus
2b - Width of the 2nd 0.05-0.19 0.04-0.53 - - - - - -
portion of the esophagus
Basal bulb length 0.17-0.36 0.14-0.28 - - 018025 0.10-0.19 021023 0.22
Basal bulb wadth 0.13-029 0.14-0.22 - - 018028 016020 025028 020023
Total esophagus 1.56-2.77 1.20-1.%0 - - 2.43-287 168209 245-290 200-2.10
Spicute - 0.80-2.10 - 107-1.18 - 0,72-1.03 - 1.01-1.20
Tait 200-510 70-200 - - - - - -
Distance fromwivato anus  1.00-1.94 - - - - - 157-1.80 -
Distance from vulva to 1.03-2.50 - 135-2.65 - 098158 - - -
end of tail
Length of eggst 100-980 - 130-140 . 100-150 - 100-120 -
Egg width” 50-80 - 63-70 - 60-90 - 60-70 -
# specimes 20 25 - - - - 10 10
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Table 2. Comparison of morphometri data of specimens of Qzolaimus crratus from Iguana iguana from Marajo Island,
with data from other authors. a: The front-end, b; pm, #: number.

Ozolaimus cirratus - O.cirratus 0. arratus O. cirratus O. cirratus
Host lguana guana Fumo bercwloty {guona wheradota (guama igwona {guona igano
Location Marajo, Para, Brazi Alemanha Méxco Aagoas, Maranhda, Maranhdo, Brazd
Gouds and Mato Grossa.
Brazll
Habitat Large intestine, Ceca Intestine 7 cecum ard colon Smal irtestine
Reforences Present study Unstow, 1906 Dosse, 1943 Brevesetal, 7011 Otavio et al, 2N8
Female Male  Fende  Mae Fernale Maiz Femae Male Female Male
Total body kength  446-7.77 5.00-728 620 566 B26-1095 547-652 6.38-873 490654 T70-800 575690
Body wickh 053-0.86 040-063 079 0.53 075100 050088 084-1.10 05060 020-1.00 Q60067
Nerve ing' 029-037 0.17-029 - - 0.20-031 025038 040-060 020030 - -
£xcretory pore 166-3.14  1.19-201 - - 200-357 150229 - - 260-280 232-2%
la~Lengthofthe 1° 071122 052-074 - - 078-106 058-083 1.05-116 074091 110-115 0810

part of the escphagus
b -Wickhof 1stpart 013-0.31  0.14-0.20 - - - - - = - =
of the escphaga

24~ Lengh 2rdpart  0.50-1,00 0.36-0.72 - - 09%0-133 073100 119136 083113 105-197  Q77-1.02
of the esophagus
2b~ Width of the 0.04-0.17 0.06-0.13 - - - - - - - -
2rd portion of the
£50phagus
Basal bulb length 0.17-0.38 0.14-027 - - 01-023 0I5-020 029037 Q20027 030-03F 015028
Bazal bulb wath 0.17-0.26 0.11-020 - - - - 0.27-0.34 Q21-025 035-030 0249027
Total esophagus 155-280 1.12-215 - - - - 2.25-2.45 165204 220-230 170-\%2
Spicule - 150-257 - 220 - L80-210 - 208-237 - 1.80-2.50
Tal* 170-510 110-230 - - 300-450 110-180 - - - -
Distance fromvuve  1.05-1.80 - - - - - - - 1.98-2.50 -
1o anus
Distance fromvuiva  1.42-222 - - - 200-3.47 - 1.40-3.02 - -
to end of ral
Length of eggs' 80-120 - 90 - 140-150 - 120-140 - 110-130 -
Egg width* 50-70 - 50 - 6070 - 60-100 - @ -
¥ speames 0 2 - - 2 10 - - 10 10

Qeolaimus megotyphion (based on light microscopy and scanning electron microscopy. Figures 1 to 4; Table 1)

Medium-sized parasite, rounded body with cuticle completely striated transversely, Two iateral lips and a
triangular oral opening, with small, rounded projections below the esophageal leaves, Esophagus long, thin, almost
cylindrical, and divided into two portions: the first comprises the dilatation region, and the second goes to the
bulb, the second portion being lenger than the first, Buib well developed; excretory pere immediately anterior or
atthe level of the bulb; nerve ring near the first portion of the esophagus. Males have a projection of six cuticular
membranes from the esophageal segment. Spicule short and pointed. Genital cone present. Tail differentiated,
short, and curved, containing a pair of precioacal papillae, a pair of postcieacal papillae, and a pair of caudal
papillae. Females with vulva covered by a very prominent vulvar lip and a long uterus. Gravid females have ovoid,
thinshelled eggs and no embryenated.

Based on 25 male specimens: body 531 mm (4,71-6.28) length and 0.42 (0.33-0.61) wide at the bulb region,
Distances from anterior end to nerve ring and excretory pore 0.26 (0.10-0.80) and 1,74 (1.08-2.14), respectively,

Braz | Vet Parasitol 2023; 3X3) e003923 4



donidae in green iguanas from Para State

A B

Figure 1. Light microscopy of female Ozolaimus megatyphlon, a parasite of lguana guana. A. Anterior extremity, nervous ring (nrj,
esophagus first pornon (em) and muscular emr,)h.lgn:. second portion (erm’), prebulbar excretary pore (arrow), bulb (), Intestine (i)
Bar=300um, B. Excretory pore{arrow), Bar=50um. C, Postenor end, lateral view, the vulva (arrow) and anal opereng (arrowhead)
Bar=300pm. D. Muscular vagina {*), uterus with eggs {e). Bar=100pm.

Figure 2. Scanning electron microscopy of female Oxolawmus megatyphion, a parasite of iguana iguana, A. An r end, projection
of 3 tnpartite cuticular membranes from the esophageal segment (*). Orifice of the amphids canal (arrowhead) and esophageal
leaves (arrow). Bar=50pum. B. Esophageal leaves with rounded structure (arrow). Bar= 10pm. C. Anterior extremity, sht mouth,
and presence of hps wath lateral cephalic papila (arrowhead). Bar=20pm, D, Posterior end, lateral view, vulva (arrow) whose
anterior lip is projected (*}, and anal opening (arrowhead). Bar=200um. E. Posterior end, ventral view, tail, anal opening {arrow),
and phasmids (arrowhead). Bar=50um. F. Phasmid (arrow). Bar=5um

2023; 33} e003923

148



A

Figure 3. Light mecroscopy of male Ozolaimus megatyphlon, a parasite of liguana guana, A. Anterior extramity, nerve ring {nrj,
esophagus first portion {em). and muscular esophagus second portion (enY), prebulbar excretary pore (arrow), bulb (b) and
Intestine (). Bar=100pm. B, Anterior extremity, lips (arrowhead) and nerve ring (nr), Bar=50um, C-D. Postenor end, lateral view,
the spicule (5) and tail (arrow). Bar=200um

Figure 4. Scanning electron microscopy of male Ozalaimus megatyphlon, a par asite of lguona jguana. A. Anterior extremity, observe
the cephaic region (arrow) and excretery pore (arrowhead), Bar=500um, B. Anterior extremity in the cephalic region, ore can
observe the mouth in a vertical slit delimited by two conspicuous and hemispherical lateral lips contaireng amphid each {arrow),
projection of six cuticular membranes (arrowhead), Bar=20pm. C, Cbserve the excretory pore (arrowhead). Bar=5um, D. Posterior
end, exposed spicule (arrow) and retracted tad, Bar=100um. E. Posterior end, lateral and ventral wiew, two pairs of papillae can
be seerc a large pair (*), In aventral and precioacal position and the other small pair located at the tip of the tail {arrow). Around
the cloaca there are two pairs of appendages: a large pair a in the dorsolateral position (orange arrowhead), bar= S0um, and
the other small membranous pair occupying a ventrolateral position, (white arrow) and genital cone (blue arrowhead). Caudal
papillae (yellow arrow). Phasmids (white arrowhead). Bar=50um; Insert genital cone (blue arrowhead). Bar=10pm. F. Caudal
wings (*)well developed are present, originating immediately anterior to the tail insertion and ending immediately anterior to
the caudal paplllae (yellow arrow). Bar=25um
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Elongated esophagus measuring 1.63 (1.20-1.90) in length, divided into two portions where the first portion
measures 0.72 (0.50-0.86) in length and 0.14 (0.10-0.16) wide; the second portion measures 0.69 (0.30-1.02) in
length and 0.09 (0.04-0.53) wide. Esophageal bulb measuring 0.19 (0.14-0.28) in length and 0.18 (0.14-0.22) in
width. A differentiated shape of the end of the spicule: spicuie is short and pointed. Spicule 1.28 (0.80-2.10) in
length, Tall measuring 140 (70-230) ym in length. Phasmids present.

Based on 20 female specimens: body 6.89 mm (4.80-7.57) length and 0.64 (0.13-0.80) wide at bulb region.
Distances from anterior end to nerve ring and excretory pore 0,28 (0.22-0.37) and 2.33 (1.30-2.74), respectively.
Elongated esophagus measuring 2.18 (1.56-2.77) length, divided into two portions where the first portion
measures 0.98 (0.74-1.20) length and 0.17 (0.07-0.24) wide; the second pertion measures 0.99 (0.42-1.37) length
and 0.09 (0.05-0.19) wide, Esophageal bulb measuring 0.24 (0.17-0.36) in length and 0.21 (0.13-0.29) in width,
Distance from vulva to anus andend of tail: 1.35 (1.00-1.94) and 1.69(1.03-2.50), respectively, Tail measuring 300 (200-510)
pm in length. Phasmids present Thin-shelled eggs measuring 170 pm (100-980) length by 60 um (50-80) wide.

Ozolaimus cirratus (pased on light microscopy and scanning electron microscopy, Figures 5 to 8 Table 2)

Medium-sized parasite, rounded body with cuticle totally striated transversely, Dorsoventrally elongated
buccal capsule with two lateral lips, and a triangular-shaped oral opening, and with serrated projections below
the esophageal leaves. Esophagus long and divided into two portions: the first portion comprises the dilatation
reglan, and the second portion is the one that goes to the bulb, the first portion being longer than the second.
Bulb well developed; excretory pore immediately anterior or at the level of the bulb; nerve ring near the first
portion of the esophagus. Males have a curved tail. Spicule long, distal end of the spicule is curved, and it is pointed.
Genital cane present. Females with long uterus and vulva covered by a prominent vulvar lip. Gravid females
thin-shelled eggs and no embryonated.

Based on 25 male specimens: body 5.95 mm (5.00-7.28) length and 0.49 (0.40-0.63) wide at the bulb region.
Distances from anterior end to nerve ring and excretory pore 0.23 {0.17-0.29) and 1.77 (1.19-2.01), respectively.
Elongated esophagus measuring 1.50 (1.12-2.15) in length, divided into two portions where the first measures
0.64 (0.52-0.74) In length and 0.17 (0.14-0.20) wide; the second measures 0.57 (0.36-0.72) in length and
0.09 (0.06-0.13) wide, Esophageal bulb measuring 0.20 (0,14-0.27) in length and 0.18 (0.11-0.20) in width,

Figure 5. Light microscopy of female Qzolaimus cirratus, a parasite of Iguana jguana. A. Anterior extremity of the female, lateral
view, nervous ring (nr), esophagus first portion (me), and muscular esophagus second portion (me’), prebulbar excretory pore
(arrow), bulb (b) and Intestine (I). Bar=300 um. B. Excretory pore, lateral view (arrow). Bar=30um. C. Vulvar region, note the
short, muscular vagina (*), uterus {u} with eggs (e). Bar=100pm. D. Posterior end, lateral view, vulva (arrow) and anal opening
{arrowhead). Bar=200um. E Posterior end, lateral view, anal opening (arrow). Bar=100pm,
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Figure 6. Scanning electron microscopy of female Qzolaimus arrotus, a parasite of jguana fguono. A. Anterior end, projection
of 3 tripartite cuticular membranes from the esophageal segment (*), amphids (arrowhead), opening of the esophagus into
the oral cavty with esophageal projection (yellow arrowhead). Bar=50pum. B. Anterior énd, esophageal leaves with serrated
structures (arrowhead). Bar=Spm. C. Excretory pore {arrow). Bar= S0pm. Insert excretory pore opening. Bar=Sum. D. Posterior
end, ventral view, vulva whose anterior lip projects slightly and protrudes the vulvar opening (arrow), and anal opening
{(arrowhead). Bar=500pum. E. Posterior end, ventral view, anterior lip of the vulva (*). Bar=100um. f. Ana opening (arrow), and
phasmid (arrowhead). Bar=100pm. Phasmid opening insert. Bar=2um

esophagus first portion (me), and muscular esophagus second portion (me'). prebulbar excretary pore (arrow), bulb (b) and

Intestine 1). Bar=500 ym, B. Lips (arrowhead), esophageal leaf (el). C Posterior end, tail lateral view, spicule (s). Bar=500um
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Figure B, Electron microscopy of make Ozokmus cirrartus, 8 paasite of lguana Iguang, A Anterior extremity in the cephalic region,
a vertical slit mouth delimited by two conspicugus and hemispherical lateral lips (%), projection of six cuticudar membranes
(yellow arrow). Bar=20pm. Insert, lateral lip containing amphid (arrowhead), and orifice of the amphids canaliculus (arrow).
Bar=5um. B. Note the excretory pore (arrow). Bar=100pm. C-D. Posterior end, lateral and ventral view, two pairs of papillae
can be observed, and a large pair (*), in a ventral and precloacal position and the other small pawr located at the tip of the tail
(arrowhead). Around the cloaca there are two pairs of appendages, one pair large and in the dorsolateral position (white arrow)
containing a papills at the end, genital cone containmg two paplllae (red arrowhead), and the other par small membranous
occupyng a ventrolateral position (yellow arrow). Bar=50pm. Insert caudal papillae (arrowhead) and phasmids{arrow). Bar= S5um.
E. Posterior end, tail dorsal view, Bar=50pm, F, T of the spicule. Bar=20um

A differentiated shape of the end of the spicule: spicule long, distal end of spicule curved, tapering to a point.
Spicule 2,08 (1.50-2.37) in length. Tail measuring 170 pm (110-230) in length. Phasmids present

Based on 20 female specimens: body 6.47 mm (4.46-7.77) length and 0.68 (0.53-0.86) wide at bulb region,
Distances from anterior end to nerve ring and excretory pore 0.32 (0.29-0.37) and 2.19 (1.66-3.14), respectively,
Elongated esophagus measuring 1.95 (1.55-2.80) in length, divided into two portions where the first portion
measures 0,86 (0.71-1.22) in length and 0.22 (0.13-0.31) wide; the second portion measures 0.67 (0.50-1,00)
in length and 0.10 (0.04-0.17) wide. Esophageal bulb measuring 0.26 (0.17-0.38) in length and 0.21 (0.17-0.38)
In width, Distance from vulva to anus and end of tail: 1.39 (1.05-1.80) and 1.79 (1.42-2.22), respectively.
Tail measuring 320 pym (170-510) In length, Phasmids present. Thin-shelled eggs measuring 110 ym (80-120
in length by 60 pm (50~70) in width

Discussion

The genus Ozolaimus Dujardin, 1845, comprises medium-sized nematodes with a dorsoventrally elongated
mouth with two lateral lips and a long esophagus divided into a short anterior portion and a thinner posterior
portion ending in a distinct bulb, Side wings absent. Excretory pore at the anterier end; long spicule; short, truncated
tail; well developed, curved distally. Females have a vulva anterior to the anus and covered by the vulvar lip, with
a long and sinuous uterus (Rudelphi, 1818; Dujardin, 1845; Vicente et al,, 1993). In our study, the morphoiogical
characters were compatible with this genus.
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Five species of Ozolaimus parasites on lizards are currently described: Ozolaimus megatyphlon was
initially described by Rudolphi (1819) found in the caeca of iguana iguana in Berlin; Ozolaimus clrratus
Linstow, 1906, in the large intestine of lguana tuberculota Laurenti, 1768, in Germany; Ozolaimus monhystera
(Linstow, 1902) in Cyciura cornuta (Bonnaterre, 1789) in Haiti; Ozolaimus ctenosauri Caballero, 1938, in the
small intestine of Ctenosaura pectinata (Wiegmann, 1834) in Mexico; and Ozolaimus linstowi Malysheva,
2016 parasitizing the large intestine of | iguana in Mexico. Of these authors, Linstow (1902, 1906) described
the drawings referring to the two species 0. cirratus and 0. megatyphlon in more morphological detail,
This was also the case with Ortlepp (1933), in his drawing of the esophagus and tail of these species,
The images and descriptions contributed significantly to differentiating the species in our study. As observed
inTable 1 of 0. megatyphlon and Table 2 of O. cirratus, the morphometry of these species shows little difference
between them, and in relation to other works, nao significant differences were observed either,

In our research into the morphological analysis by LM, the species O. ciratus and O. megatyphlon differ from
each other by the shape of the esophagus, position of the excretory pore, and shape ofthe spicule, as observed by
Ortlepp (1933). And, for the first time through SEM, the presence of a small, serrated structure in the esophageal
leaves of O, cirratus was described, while in O. megatyphlon, it presented small, spaced, and rounded structures in
the esophageal leaves, In addition, phasmids were described for the first time in both species.

Parasites of this genus have been recorded In free-fiving iguanas In Midwest and Northeast Brazil
(Breves et al, 2011; Teles et al, 2017; Otavio et al,, 2018). The parasitological indices found in this work differ from
those obtained by Teles et al. {2017), who obtained an average of approximately 1.600 Ozolaimus sp. per host.
These parasites have also been recorded in iguanas in Peru by Arrojo {2002), in Panama by Bursey et al. {(2007),
and in Colombia and Suriname by Avila & Silva (2010), demonstrating that these infections are very frequent.
In the North region of Brazil, this was the first occurrence in the State of Para, where 12.028 adult O, megathyphion and
O. dirratus were reglstered with a prevalence of 100% (n = 4), differing from the research by Otavio et al. (2018), which
recorded 388 adult pinworms of 0. megatyphlon and O. cirratus with a prevalence of 60% (n =5), and Teles et al. (2017), which
obtained a prevalence of 66.6% (n= 18), both in Brazil. There are still few records of Ozolaimus spp. inlguanids in Brazil,

The nematodes studied here, O, megathyphlon and Q. cirratus, have also been recorded in Jguana rhinolopha,
lguana tuberculate, and !, iguana (Linstow, 1906; Dosse, 1942; Caballero, 1938; Loukopoulos et al,, 2007;
Breves et al, 2011; Otavio et al,, 2018). Both Jacobson (2007) and Teles et al, (2017) report that the most common
genera of lguana parasites are Aloeuris, Ozalaimus, and Tachygonetrno, and these pinworms have high host specificity,
which is common In lizards, chelenians, and some snakes. The eggs, when ingested by the reptile, hatch in the upper
digestive tract, which releases the larvae; when mature, adults migrate to the rectum (Greiner & Mader, 2006).
They are usually elongated eggs with a flattened side, and most have a subpolar operculum (Anderson, 2000).
The form of infection is mainly fecal-oral (Klingenberg, 2007). They are considered commensal organisms
and can help in the digestion of foods of plant origin; however, in cases of massive infections, they can cause
obstructions of the gastrointestinal tract, cloacal prolapse, and sometimes a slight local inflammatory reaction
(Greiner & Mader, 2006; Klingenberg, 2007; Jacobson, 2007).

The iguanas in this research were free-living and had a high infection rate. According to van Marken Lichtenbeit
(1993), free-living herbivorous lizards commonly present high leads of oxyurids, reaching up to 5.000 parasites
per lizard. Kehoe et al. (2020) recorded an effective measure for controlling these heiminths using oxfendazole to
treat oxyurid nematodiasis.

Lent & Freitas (1948) identified a single site of infection in the genus Ozolaimus sp., the large intestine.
Breves et al, (2011) also recorded infection by this nematode in the large intestine, and in coproparasitological and
morphological analysis of adult helminths, Carvalho (2018) recorded Ozolaimus in the colon of a green iguana. In
the present study, these nematodes were present throughout the large intestine, which corroborates the findings
of the researchers mentioned above.

Conclusion

In this work, we report for the first time the Infection by 0. megatyphlon and 0. cirratus in green iguanas in the
state of Para, thus expanding the geographical occurrence of the genus. Under scanning electron microscopy,
we added distinguishing morphological characters between the two species, such as the presence of a small,
serrated structure below the esophageal leaves in 0. cirratus and small, spaced, and rounded structures below
the esophageal leaves in 0. megatyphion. In addition to showing for the first time the phasmids in both species.
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CARACTERIZACAO MICROSCOPICA DA RELACAO PARASTTO-HOSPEDEIRO ENTRE
POLYMORPHIDAE (ACANTHOCEPHALA) DE Phatacrocorax brasilianos (AVES,
PHALACROCORACIDAL) NA RESERVA EXTRATIVISTA MARINHA DE SOURE, PARA

RESUMO - Dentre os membros du fumilia Phalaceocorucidae enconta-se Phalocrocorax
brogifonuy, sve aquitica que possul habitas alimentares plecivoros, podendo com ito,
Ingerir diversus foses infoctantes do helmintos pertoncentos 4 virios Nloy, como
Acanthocephuli, Platybelminthes ¢ Nomatoda, Ox Individuos do flo Acanthocophala,
quando adultos, realizam sua fixaglo ou ancoragem na mucosa Intesting) de sous
howpedeiros  definitivos, podendo ou ndo  produgle InjGries teciduals graves, A
caracterizagho micrnsciplea destas Injdrias tem sldo, an longo dos tempos, demonstrada
por melo de exames istopatuldgioos. Assim, spos estudos ens muicroscopla de luz obleve-
s a deserleho detalhisda da Interacho tecldual parasite hospedeleo antre acantocdlalos »
Phalacrocorax. brasiianoy, fornecendo dudos vallosoy purs aplicago oo diagndstico o
monitaramento destas aves quando scolhidas em Centros de Tringem o Reabllitagho de
Animais Selvagens (CETRAS).

Palaveas-chave: Amaedniag bigud; Histopatologle; Parasitologle,

INTRODUCAO

Phalucrocoras brasitianus (Mgud) possad disteibuigho geogriticn desde o sul dos EUA,
passando pela Américn Contal ¢ toda Américn do Sul, uprosentundo hibitos migratdrion
[AVIBASE, 2023), venddo sun helmintofauns sinda nio wialmente elucidada, bem como oy
procvssos imunopatologicos envolvendo oy seus helmintos (MONTEIRO ot al, 2011), As
aves silvestees sdo lnportantes, pols msntém o ciclo do vida dos holmintos, contribuindo
com a manutengho o disperso desses parasitos (BAHRAM ot al, 2021),

At 0 momento, ox acantocélialos que vcorrem parasitando o intestino de aves da fumilia
Phalacrocorncidae, sbo reprosentados pelus ospdcles Andracontha tondemtesticulata
(Montelro, Amato & Amato, 2006) eov Gualbe, Rio Grande do Sul = Brasil (MONTEIRO ot
al, 2006 MONTEIRO et ok, 2011); Andracantha phelacrocoracty (Yomaguth, 1939) na
Bodmin do Sul o Mordvia do Sul - Repliblica Teheca (MORAVEC; SCHOLZ, 2016) ¢ Baln do
S0 Vicente « Chile (GONZALEZACUNA ot al. 2020); Southweiling hspida (Van Clowve,
1925) Witenberg, 1922, em Guanajuato « Mixico (VIOLANTILGONZALRZ st al, 2011) o
Mordvia do Sul - Repablica Tehecu (MORAVEC; SCHOLZ, 2016); Corynasemu arctocephall
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[Zdzitowiecki, 1964) em Baia de S3o Vicente « Chile (GONZALEZ-ACURA D et al, 2020);
Profilicollis altmant (Perry, 1942) na Raia de S3o0 Vicente - Chile (GONZALEZ-ACURA D ot
al, 2020) em outras aves.

Membras do filo Acanthocephala estio assoriados a diversas niveis de mortalidade,
principalmente em aves costeiras (SALA et al, 2013). Quando bem-sucedidi. a
transmiss3o ocorre quanda o hospedeiro definitive (Ex. Ave Phalacrocoracidae), Ingere
um cistacanta infectante encistado om artropodes (moluscos, peixes ote), quo participam
como hospedeiro intermediirio e/ou paraténico, & depender da espécie envolvida, | no
trato digestdrio das aves, esse grupo de helmintos, ainda Imaturo, se Instala no jejuno, e
loge apds a sua completa maturacio sexual migra para o fleo (AZNARE et al, 2004;
[ARALLERO; SANCHEZ, 2022).

De scordo com Castro (1989) e Fairweather (1997) os scantocéfalos induzem altersgoes
na estrutura do tecido intestinal (o nivel de mucoss, muscular e serosa ] e estas alteraches
afetam sew funclonamento normal Baseando-se nessas informagbes, o objetivo desse
estudo fol descrever a relagio parasito-hospedeire entre membros da famills
Polymorphidae (Acanthocephala) e a ave Phalacocrorax brasilianus (bigui) oriundos da
reserva extrativista marinha de Soure-PA

MATERIAL E METODOS

Este trabalho faz parte integrante de tese de doutoramento na Pés-Graduagio em Sadde e
Produgio Animal pa Amazinig, opde o autor contribui como colaborador. A pesquisa
possul lcenga do ICMBio/SISBIO n® 74195 e autorizagio do Comité de Etica no Uso de
Animass [CEUA-UFRA) n® 6309230520,

No periodo de 2020 a 2022, 20 espécimes de Phalacrocorex brasttanis foram obtides da
zona costeira do municipio de Soure (Reserva Extrativista Marinha de Soure) na llha de
Marajo- Pard-Brasil (Latitude: -0,742862°, Longitude: -48,507732°). As aves siio utilizadas
como fonte alternativa de alimentacdo peles pescadores da regilo, que gentilmente
cederam as aves mortas que foram utilizadas neste estudo, Os animais foram
Individualizados em sacos plastices ¢ mantidos refrigerados em caixas isotérmicas com
gelo para transporte até o Laboratdrio.

No laboratorio, cada drgio fol individuallzade em placa de Petri contendo solugdo salina
éa NaCl 0,9% o analisado #m estereomicrascopio (leica ES2), limpos, quantificados @
armazenados em solugho de AFA (93 partes de dlcool etilico 70%, 5 purtes de formaldeido,
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¢ partes de dcido acético gladgal). Fragmentos de intestino contendo acantocéfalos
aderidos foram coletados e fixados em formaldeido a 10% para anilises histoldgicas. Os
Indices acoldgicos de parasitismo foram analisados segundo Bush et al. (1997) e Bautista-
Hermndndez ot al, (2015).

Para MEV, 05 acantocéfalos fixados em AFA foram lavados em &gua destiladi por 1 horas,
pis-fixados em tetrxido de dsmlo (OsO4) a 1% por 2 horas, sendo submetidos 3
desidratagio em série cresconte de vtanol a partir do etanol 70% & 100% por 1 hora em
cads bateria de dlcool, posteriormente foram secos até ponto critico de COz, montados em
suporte metdlicos de aluminio (stubs), metalizados com ouro+palidium e observados em
microsedpie eletrdnico de varredura (VEGA 3, TESCAN] no Laboratdrio de Microscdpio
Eletronica de Varredura, anexo ao LHEA, conforme Carvalho et al, (2022).

Fragmentes de intestino delgado pré-fixads tendo parusitos ederidos & mucosa
foram desidratados em concentragdes crescentes de etinal 70%-100%, por | hora em
cada bateria, clarificados em xilol em dols banhos de 30 minutos cadia. Apds isto, fol
reallzada o Inflitragdo em parafina com trés banhos sucessivos em parafina liguida par 20
minutos cada, om estufa a 60 °C, seguido do inclusio em histomoldes (TOLOSA ef al.
2003). Apds a Indusdo, os blocos foram seccioniades em cortes de 4-5 um de espessura,
vsando am micedtomo (ZEISS HYRAX M25) As ldminas obtidas foram coradas com
Hematoxiling ¢ Eosioa, ¢ Tricrdmico de Gomory, As imegens foram obtidas em
microscopio LEICA DM 2500), com sistema de captura digital acoplada (LEICA ICC50 HD)
¢ software Leics Application Suite V4.4, onde foram obtidus fotomicrografias

RESULTADOS E DISCUSSAO
A resposta tmune a agentes infecclosos ¢ o principal fator que impede a ocorréncta de
infecgbes sistémicas. Uma vez que as deficiéncias imunoldgicas na imunidade inata ¢
adaptativa, s3o associadas a susceptibilidade a infecgbes virais, bacterianas, fngicss ¢
parasitérias. No que s¢ refere sos helmintos, devido aos seus tamanhos variadas e a
dos h deiros, sio

v

diversidade metabdlics, o8 mecanismos  de
antigenicamente complexos {(MACHADO et al., 2004).

Forglarini et al. (2016) em trabalbo com galinhas poedelras (Gallus galtus) afirmam que
us infécpdes parasitirias em aves ng maloria das vezes ndo cousam grandes prejulzos ao
desempanho produtive, [4 Dexfulie ot al, (2002] afirmam que a axtensio dos danos que os
helmintos causam no Intestino € proporcionsl a Intensidade da Infeccio e da profundidade

L
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de penetragio do parasito nos tecidos do hospedeimn. Aznare of of, [2004) relata que os
acantocéfalos jovens na maioria das vezes, sio encontrados no jejuno ¢ & medida que
maturam sexualmente, os adultos migram para o fleo.
No presente estudo notou-se grandes dreas intestinais de Phalocrocorax brasiionus com
Intensa carga parasiténa promovida por helmintos Polymorphidae (Figura 1), aderidos
2m diferantes niveis nas camadas mucosa, muscular @ serosa intestinal, ocasionando uma
enterite inflamatdria ¢ rvagbes granulomotosas encapsulantes cronica de tecido
libroconjuntivo (enterite granulomatosa), semelhantes aos relatos de Sala ac al. (2013) e
Moore ¢ Bell (1983) em estudos com corvoe encapuzado (Corvus corone cornix), no entante,
Mesmo NOS CAsos mais severos, ndo foi chservada peritonite difusa como nos relatos de
Bahram et al. (2021) que trabalharam com corvo encapuzado e a pega-rahada ( Pica pica).
As primeiras reagdes teckduads da relagio paresito-hospedeiro evidenciadas no presente
do, estdo relacionadas a da da mucosa (Figura 1), macrascopicamente fol
vbservada extensa drea hemorvigicn na parede intestinal (Figuras 1C) e direa com
processo cleatriclal evidente devido uo desprendimento do parasito (Figura 1C, sets
preta),

Figura 1. (A) Fragmentos de intestine delgado de Phalacrocornx brastlianus com elevada
wirga parusitiria promovida por acantocéfialos. (B) Em malor aumento, observi-se a
lixagiio em dilerentes nivels dos parasitos no intestine. (€) Evidencia-se extensa direa
bemorrdgics na parede intestingl ¢ drea com processo ceatricial evidente devido oo
desprendimento do parasito (seta preta). (D) Imagem de microscopia eletronica de
varredura de acantocéfulo, observa-se os ganchos da probdscide (seta amarela) e tronco
com dois colares de espinhos (setas brancas).
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Fonte; acervo do autor

Microscopicamente, observou-se necrose das vilosidades intestinais (Figuras 24, C),
criptas (Figura 21) e tecidos adjscentes, que segundo os trabalhos de Bahram et ol (2021)
ocorrem devido a resposta do sistoma imune do hospedeiro a injarias causadas pelo
metassoma ¢ pelos ganchos da probdscide do parasito.

0 parasitismo também ocasionou um processo Inflamatdrio granulocitico (Figuras 2D, E,

F). mediado por cosindfilos/ hwterofilo (Figura 2C) ¢ macrdfagos (Figura 2E) gue
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conforme trabalho de Juul-Madsene ef al. (2008) & formacio do granuloma é uma
Importante resposta inata, que aumenta 3 modida que a ave amadurece, Além disso, um
guadro hemorrégico na lmina prépria do tecido epitelial (Figurs 2C), fol igualmente
relatada em aves de rapina nas investigagies de Santora et ol (2010).

Figura 2. Cortes hismldgloos dos estigios Inlclals da ancoragem de helminto
Polymorphidae  (Acanthocophala) na camada mucosa  do intestine de  bigud
[Phalacrocarax brosilianus), | A) seccdo sagital do intesting, evidenciando a sncoragem na
submucosa do acantocéfalo macho, identificado pela presenca do testiculo (seta
vermelha); Observa-se o destruigio das vilosidades do ileo proximas ao tegumento do
parasito (seta preta). Corante Tricrdmico de Gomaori, barva de escala 500 pm. (B) Detalhe
da ancoragem do purasito ns muscular da mucosy, evidenciudo os ganchos (sels verde)
que auxitiam na fixagio do helminta no tecido. Proboscide em eversio; chama a atengiio
a perda di arguitetura tecidual no Jocil com discret infiltragiio de tecido conjuntive (%),
Corante Tricrdmico de Gomorl, barra de escala 100 pm. (C) Vilosidade Heal com perda de
sa arquitetura tecidual, obsorva-so a liso celular dos cntordcitos e das células
a@liciformes, presence de processo hemorragico e Infiltrado easinofilico (setas amarela),
Corante Tricrdmico de Gomorl, barra de escala 20 pm. (D) Intenso processo inflamatdrio
infiltrative, chuma a stengiio os diferentes estdgios infiltrativo ¢ necrose das glindulas
intestinais (¥), Corunte Tricedmico de Gomori, barma de escala 50 pm. [E) Micrografia da
wehularidade do processo inflamaténio subjucente a ancoregem porssitaria, evidencundo
um quadro hemorsigico (setss pretus), com presenca de infiltrado de granulécitos
eostndfilicos {setas uzuls) e presenga de macréfagos polimorfos nucleados (setas verdes)
¢ discretos neutrdfilos (seta amarvla). Corante Tricrdmico de Gomort. barra de escala 20
wm. (F) Superficie de contato do metassoma do parasito com a mucosa intestinal, em
destagque o intenso infiltrdo cosinofilico {seta amarela). Corante hematoxilina ¢ eosina,
barra de escala 20 um.
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Fonte: acervo do autor

Outro tipo de reagho encontrada nesta pesquisa, fof a nivel de camada muscular O tecido
conjuntive ceatrictl fol sendo depositado em torno dos helmintos § medidy que estes
ingressavam na camada muscnlar (Figuras 3A, £, D), além da presenca de um agregado
Inflamatdrio, contendo hemicias e fibras conjuntives em torno do gancho da probdscide,
com Infiltrade Intlamatério no tecido adjacente [ Figuras 34, B) ndo sendo tdo evidents o
infiltrado de células granulociticas (cosindfilos/ granuldcitos), mas sim, dreas de necrose,
hiparplasia e neoplasia tecidual em tomo da probdscide do parasito, 0 quem em parte
difere dos resultados encontrados por (SALA er al, 2013) que ndo observaram
abundantes células gigantes multinucleadas ao redor do parasito, estando estas restritas
aa processo de deatrizagio apis a evasdo ou a morte do parasito (Figuras 30, E)

Figura 3. Cortes histoldgicos segmento intestinal (flen) de higua (Phalacrocorax
brasilienuy) parasitado por Polymorphidae (Acanthocephala) o ndvel de camada mucosa e
muscular. {A) Secglo sagital do Intestino mostrando a ancoragem, na porcio medial da
camada muscular; é observada a presenga de acimulo de material amorfo azurofilico em
contato com & probdscde do parasito, também & observads hiperplasia de células
musculares (%), além de disereto Infiltrado de teddo conjuntiva em azl. Caramte
Tricrdmico de Gomori, barra de escala 200 pm. {B) Presenca de um agregado inflamatério,
contendo heméaclas € fibras conjuntivas em torno do gancho da probdscide, também &
observado infiltragie inflamatério no teado adjacente. Corante Tricomico de Gumori,
harra de escala 100 ym. (C) e [D) Fotomicrografias mostrando a sequéncia da perfuragio
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da probascide até a la serosa e to do tecido conjuntivo proporcionsl a
transposicio do parasito, Corante Tricrdmico de Gomori, barra de escala 200 pm,

Fante: acervo do autor
Fol observado ainds, uma trunsfixagio de parede intestinal pela probéscide do
acantocéfala para a cwidade peritoneal da ave, sendo encapsulada por teddo canjuntivo

fibroso (Figuras 44, B, C). Isse permite que o parasito permanega adendo ao intestino
enquanto seu metassoma permaneca lhre no lomen para absorver os nutrientes
(CABALLERO et al, 2020), Segundo (TARASCHEWSKI, 2000) dreas de nocrose estio
prinapalmente relaconadas ao tecido proximo ao corpo do parasito, juntamente com os
processos neoplésicos, especinlments no periténio,

Dutre tipo de resposts observada, ocorre quando o parasito se destaca do bocal de fixagio
ou morre, havendo uma neoformacio irregular do tecido muscular (Figura 4D), além de
lrea circunscrita de reagio granulomatose crdnica com grande quantidade de oflulas
polimorfo nucleadas, céfulas gigantes, macréfagos € uma halxa guantidade de eosindfilos
[Figura 4E, F).
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Figura 4. Cortes histologicos sagitais de segmento intestinal (lleo] de bigud
[Phelacrororax hrosilianus) parasitado por Pelymorphidae (Acanthocephala) a nivel de
camada mucose, muscular e serosa. (A), (B) e (C) Penetraciio profunda da probdscide na
serasa parietal, £ ohsorvado um pequeno feixe do fibra conjuntiva circundanda a
probdscide (seta preta), além de intensa deposicdo de teddo cicatricial (fibras
conjuntivas} entorno do belminto com formagio de dreas de necrose tecldual (*) ndo
wado possivel descrover a celularidade. (D), (E} ¢ (F) Fotomicrografias de arcas de
reparagio tecidual sem a presenca do helminto, com Intensa formagio de tacido clcatricial
em azul, com neoformagio trregular do teckdo muscular (seta amarela), além de dreas
drcunserity de reagto granulomastoss cronica com grande guantidade de células
polimorfn nucleadas, células gigantes (setas pretas), macrifagos (setas vermelhas) e uma
babxa guantidade de eosindlilos (setas verdes).
U e - o (= ¥

Fante: acervo do autor:

CONCLUSAO
Este é o primeiro registro histopatolégico das alteragées provocadas polos helmintos do
Filo Acanthocephala em Phalacrocorex hrasilfanas na Tha de Marajd, no estado do Pard. A
Inser¢io da probéscide ¢ ganchos de acantocéfalos no intestino delgado de biged
reaghes influmatorins, hemorragis, necrose ¢ destruigio de vilosidades e criptas
Intestinnis. Além disso, fol evidenciado que ocorre a perfuracio total do Intestine pela
probdsdde do acantocéfalo, sendo necessirio mals estudos que Investiguem as
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consequéncias dessa injlria, uma ver que ainda $30 escassas @5 literaturas referentes as
Interaghes parasitos-hospodeiros em biguds,
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