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RESUMO

OLIVEIRA, Mariana de Souza. Taxonomia e Ecologia de coccidios: Isospora spp. e Eimeria spp.
de aves Silvestres do Brasil e de Portugal. 2021. Tese (Doutorado em Biologia Animal). Instituto
de Ciéncias Biolodgicas e da Satde, Departamento de Biologia Animal, Universidade Federal Rural

do Rio de Janeiro, Seropédica, RJ, 2021.

O Brasil encontra-se entre os paises mais biodiversos do mundo, e essa biodiversidade esta
avaliada pelo tamanho de seu territorio, apresentando assim, uma grande quantidade de espécies
endémicas, tornando-se importante para investimentos em conservagao de aves. Aves sdo animais
de muita importancia ecoldgica, essenciais para manutengao do equilibrio, atuantes como dispersoras
de sementes, agentes polinizadores, reguladores de populacdes de presas e, com maior importancia,
sendo bioindicadores de conservagdo, pois sao animais conhecidos pela sensibilidade em alteragdes
nos habitats. Os principais fatores relacionados a extingdo de espécies silvestres sao a degradagao dos
ambientes naturais, introdugdo de espécies exoticas, fatores causados pela superexploragdo pelos
humanos, impactando nao sé a fauna, mas também a flora e microbiota, e indiretamente favorecendo
para o aparecimento e transmissao de doencas parasitarias. Os parasitos podem ser atuantes principais
em manutencdo dessa biodiversidade, através da manutencdo das diversidades em comunidades
ecoldgicas, assim atuando como espécies-chaves para tal. Porém, também podem causar declininio
em populagdes naturais, diminuindo tanto a sobrevivéncia quanto a reprodugdo de seus hospedeiros.
Dentre os diferentes tipos de parasitas, os coccidios em aves destacam-se. Estes sdo protozoarios
intracelulares predominantemente intestinais, os quais revelam fundamental importancia,
principalmente em ambientes antropizados, pois aves estressadas em decorréncia dos impactos
antropicos tendem a serem mais susceptiveis a infec¢do e colonizagdo dos coccidios. Assim, 0s
coccidios desempenham fungdo de biomarcadores de impactos ambientais. Coccidios se encaixam
em um grupo diversificado e complexo de parasitas, destacando-se os géneros Isospora Schneider,
1881 e Eimeria Schneider, 1875, que sdo mais relevantes parasitos de aves das ordens Passeriformes
e Columbiformes. Neste contexto, o objetivo deste trabalho foi analisar fezes de aves silvestres
capturadas em areas de Mata Atlantica, como os Parque Nacional do Itatiaia, Parque Nacional da
Serra dos Orgfos, 4reas de preservagio e reflorestamento do Instituto Federal do Rio de Janeiro em
Pinheral-RJ, e Distrito de Cacaria em Pirai-RJ, além de amostras de fezes enviadas de Portugal, para

identificar e quantificar os parasitos coccidianos presentes. Apos as analises morfologicas dos



oocistos encontrados, analises moleculares foram realizadas em amostras viaveis, através do
sequenciamento de regides dos genes COI e 18S, além de andlises filogenéticas. Como resultado
foram produzidos cinco artigos cientificos, sendo trés artigos de descri¢do de nova espécies, sendo
uma Isospora sp. e duas Eimeria spp., um artigo de redescrigao de uma Isospora sp. de novos

hospedeiros, e um artigo com redescricao de uma Eimeria sp. de aves de Portugal.

Palavras-chave: Aves, Passeriformes, Columbiformes, Coccidios, protozoarios, Biologia Molecular,

sequenciamento, Mata Atlantica.



ABSTRACT

OLIVEIRA, Mariana de Souza. Taxonomy and ecology of coccidians: I1sospora spp. and Eimeria
spp. of wild birds from Brazil and Portugal 2021. Tese (Doutorado em Biologia Animal). Instituto
de Ciéncias Biologicas e da Satde, Departamento de Biologia Animal, Universidade Federal Rural

do Rio de Janeiro, Seropédica, RJ, 2021.

Brazil is among the most biodiverse countries in the world, and this biodiversity is evaluated
by the size of its territory, transformed, a large amount of endemic species, making it important for
investments in bird conservation. Birds are animals of great ecological importance, essential for the
maintenance of balance, acting as seed dispersers, pollinating agents, prey regulators and, most
importantly, being conservation bioindicators, as they are animals known for their sensitivity to
changes in habitats. The main factors related to the extinction of wild species are the degradation of
natural environments, introduction of exotic species, caused by overexploitation by humans,
impacting not only the fauna, but also the flora and microbiota, and indirectly favoring the appearance
and transmission of parasitic diseases. Parasites can play a major role in maintaining this biodiversity,
through the maintenance of diversities in ecological communities, thus acting as key-species for this
purpose. However, they can also cause decline in natural populations, decreasing so much the level
of reproduction of their hosts. Among the different types of parasites, coccidia in birds stand out, they
are predominantly intestinal intracellular protozoa, revealing fundamental importance, especially in
anthropogenic environments, as birds stressed by human impacts tend to be more susceptible to
infection and colonization of coccidia. Thus, coccidia play the role of biomarkers of environmental
impacts. Coccidia fit into a diverse and complex group of parasites, highlighting the genera of
Isospora Schneider, 1881 e Eimeria Schneider, 1875, which are of greater relevance for parasites of
birds of the Passeriformes and Columbiformes orders. In this context, the objective was to analyze
feces of wild birds captured in areas of the Atlantic Forest, Parque Nacional do Itatiaia, Parque
Nacional da Serra dos Orgaos, preservation and reforestation area of the Instituto Federal de Pinheiral
and in the District of Cacaria, Rio de Janeiro, in addition to the feces presented from Portugal, to
identify and quantify coccidian parasites present. After the morphological analysis of the found
oocysts, molecular analyzes were settled in the viable ones, working on DNA sequence analysis of
COI and 18S genes, in addition to phylogenetic analysis. As a result we obtained five articles, three

articles with records of new species, one Isospora sp. and two Eimeria spp., a redescription article of



an Isospora sp. with new hosts, and an article with redescription of an Eimeria sp. in birds from

Portugal.

Keywords: Birds, Passeriformes, Columbiformes, Coccidia, Protozoa, Molecular Biology,

sequencing, Atlantic Forest.
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INTRODUCAO GERAL

Entre todos os paises reconhecidos mundialmente, apenas 17 sdo considerados
megadiversos. A denominagao se dd devido abrigarem 70% de toda a biodiversidade mundial. Entre
esses paises, o Brasil ocupa o primeiro lugar por ser o quinto em extensao territorial, além de abrigar
14% da biodiversidade mundial (LEWINSOHN; PRADO, 2005).

A explicacdo para a riqueza bioldogica do Brasil estd no grande numero de espécies
endémicas, a enorme cobertura vegetal, a variedade de biomas e a imensa costa litoranea. Ocupando
47,8% da América Latina, o Brasil ¢ conhecido como o continente das aves, abrigando cerca de um
ter¢o de todas as espécies existentes no planeta, representando praticamente 57% do total de aves
residentes da América do sul. Tornando-o um dos paises mais importantes para o investimento em
conservagao de aves do mundo (SICK, 1997; LEWINSOHN; PRADO, 2005; MARINI; GARCIA,
2005; VILELA, 2012).

Os principais fatores envolvidos na extingao das espécies selvagens sao a destruigdo e perda
dos habitats naturais, a introducdo de espécies exoticas, o aumento da ocorréncia de doengas e a
superexploracao das espécies para uso humano (MARINI; GARCIA, 2005), onde além dos impactos
diretos a fauna, flora e microbiota, indiretamente favorecem a transmissao e susceptibilidade dos
animais silvestres as doengas parasitarias (BERTO; LUZ, 2016).

Parasitos podem operar como espécies-chave, representando um papel crucial na
manutencdo da diversidade em comunidades ecologicas e ecossistemas. Por outro lado, podem
ameacar a biodiversidade causando declinio de populacdes naturais, uma vez que, parasitos
diminuem tanto a sobrevivéncia como a reproducao de seus hospedeiros (ALTIZER et al., 2001;
SMITH et al, 2009). As infec¢Oes parasitarias podem interferir no comportamento € no
desenvolvimento reprodutivo das aves, em virtude de uma nutricdo inadequada e estresse
propiciando o aparecimento de infecgdes secundarias (FREITAS et al., 2002).

O estudo das interagdes entre esses parasitos-hospedeiros ¢ de fundamental importancia para

se entender processos ecologicos, evolutivos e comportamentais, incluindo selecdo sexual
(CLAYTON, 1991), migragdo e capacidade competitiva. Por exemplo, individuos parasitados
podem ser mais susceptiveis a predadores e menos héabeis para estabelecer territorios (ALTIZER et
al., 2000). Portanto o impacto de parasitos sobre a sobrevivéncia e reprodu¢do de seus hospedeiros
tem manifestagdes ndo somente na dindmica populacional do hospedeiro, mas também na
abundancia relativa e na estrutura de comunidade, dispersdo e diversidade genética (SCOTT, 1988).
Entre os diferentes grupos de parasitas em aves, destacam-se os coccidios, protozoarios

intracelulares, predominantemente intestinais, identificados por amostras fecais (DOLNIK et al.,
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2010; BERTO; LUZ, 2016). Os estudos de prevaléncia e densidade de coccidios revelam-se de
fundamental importancia, principalmente em ambientes antropizados, como areas desmatadas para
a realizacdo de atividades pecuarias e urbanizacdo, pois aves estressadas em decorréncia dos
impactos antropicos tendem a serem mais susceptiveis a infec¢ao e colonizag@o dos coccidios. Desta

forma, os coccidios desempenham fun¢ao de biomarcadores de impactos ambientais (LOPES et al.,

2013)

Ecologia de Aves Silvestres

A ecologia das aves e seus estudos ¢ de imensa importancia para a preservagao da natureza e
sua fauna. Muitos dos estudos feitos em meio natural podem ser ampliados pelas descri¢des de
estudos realizados em cativeiro, observando o comportamento. Esses estudos complementam os
trabalhos taxondmicos, biogeograficos e parasitologicos, onde tais estudos no Brasil s6 ganharam
forgas no inicio do ultimo século, onde estudos de vocalizagdo, alimentag¢do e reproducdo levam a
compreensao das aves no geral (SICK, 1997).

As manifestacdes sonoras sao tao caracteristicas quanto a morfologia, levando a identificagao
das espécies morfologicamente semelhantes. O som ¢ produzido na seringe, estrutura presente na
extremidade inferior da traqueia, bifurcacao dos bronquios. O repertorio das diversas espécies varia
em diferentes proporgdes. A um exame acurado verifica-se em todas as aves a ocorréncia de diversos
tipos de comunicagao vocal (SICK, 1997).

Em relacdo as manifestagdes alimentares, os passeriformes podem ser classificados como
Frugivoras, granivoras, insetivoras, nectarivoras, carnivoras, pscivoras, necrofagas ou onivoras,
sendo assim, animais de muita importancia ecoldgica, essenciais para manutencdo do equilibrio,
atuantes como dispersoras de sementes, agentes polinizadores, reguladores de populagdes de presas
e, com maior importancia, sendo bioindicadores de conservagdo, pois sdo animais conhecidos pela
sensibilidade em alteragdes nos habitats (Machado et al., 2006).

A ¢época reprodutiva das aves em geral se d4 entre os meses de setembro a janeiro, mas em
cada espécie as atividades sdo sincronizadas, correspondendo a uma real adaptagao hereditaria. As
atividades reprodutivas sdo condicionadas pela fartura de alimentos, o que facilita a criagao da prole;
o comego da época de chuva, que provoca aumento de insetos, beneficiando os insetivoros. Com o
fim da época de seca ocorrerd uma abundancia de frutas, favorecendo os frugivoros. Os granivoros
dependem da maturacdo de sementes. E os beija-flores aproveitam-se da floragdo, porém apresentam
cronogramas referentes aos tipos de periodizacdes dos vegetais, devido a sua adaptacdo aos mesmos

(SICK, 1997).
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Além de todas essas caracteristicas, as aves também podem ser observadas pelas suas
interagdes, onde as relagdes parasitas-hospedeiro também podem ser relevantes, onde muitas aves
abrigam alguns parasitas como: piolhos-de-pena do género Phthiraptera Nitzsch, 1818, e outros
ectoparasitos, nematodides, trematdodeos e cestoides, além de hemoprotozoarios e protozoarios
intestinais (SOULSBY, 1987). As aves apresentam ndo so relagdes entres individuos de mesma
espécie (relacdo intraespecificas), como apresentam também relagdes entres individuos de espécies
diferentes (relacdo interespecificas), que podem ser observadas em bandos mistos pelas matas,
fendmeno muito visto nas regides neotropicais. A maior oportunidade para a associacdo de varias
espécies ocorre durante a busca de alimento, e algumas vezes durante a nidificacdo, em aves que

formam colonias (SICK, 1997).

Parasitos de Aves Silvestres

Parasitos podem operar como espécies-chave, representando um papel crucial na
manutencdo da diversidade em comunidades ecologicas e ecossistemas. Por outro lado, podem
ameacar a biodiversidade causando declinio de populacdes naturais, uma vez que, parasitos
diminuem tanto a sobrevivéncia como a reproducao de seus hospedeiros (ALTIZER et al., 2001;
SMITH et al.,, 2009). As infec¢des parasitdrias podem interferir no comportamento € no
desenvolvimento reprodutivo das aves, em virtude de uma nutri¢do inadequada e estresse propiciar
o aparecimento de infecgdes secundarias (FREITAS et al., 2002; HUEZA, 2008).

Em cativeiro ¢ mais nitida a manisfestacoes das doengas em aves, onde estas apresentam
doengas virais, bacterianas, micoticas e parasitarias (GODOY; MATUSHIMA, 2010), porém a mais
representativa e considerada uma grande causadora de mortalidade por enterite em muitas espécies
de aves ¢ a coccidiose, uma doenca causada por protozoarios da familia Eimeriidae, onde estdo
incluidos os géneros Eimeria e Isospora (FREITAS et al., 2003; SCHRENZEL et al.,2005; SAKS et
al., 2006). Muitos desses casos estdo relacionados a superlotacdo nos cativeiros, gerando um
estresse de confinamento, e toda essa carga parasitaria levam a um desgaste do animal, resultando
em disfuncdo de o6rgdos internos, desidratacdo e perda de energia (GODOY, 2007). Casos em
cativeiro sdo importantes para se avaliar a intensidade da coccidiose e o impacto que pode ser
gerado em populagdes naturais, pois parasitas intestinais estdo associados a ecologia das aves
(DOLNIK, 2006; LOPEZ et al., 2007).

As identificacdes das espécies de coccidios podem registrar novos hospedeiros € uma nova
localidade, contribuindo para o conhecimento da distribuicdo e dispersdo dos coccidios, além de

confirmar, ou ndo, a impossibilidade de transmissdo de coccidios entre aves de familias distintas.



Populacdes de aves com nichos ecologicos distintos, em diferentes periodos sazonais e/ou que
habitam diferentes localidades com diferentes condi¢des ambientais podem apresentar diferentes
prevaléncias e densidades de coccidios (GOMEZ et al., 1982; GARDNER; DUSZYNSKI, 1990;
BERTO et al. 2008a; GIRAUDEAU et al. 2014). Sendo assim, o estudo da distribuicao dos coccidios
de aves hospedeiras em diferentes localidades e periodos, poderia evidenciar padrdes de prevalénciase

densidades especificas associadas com determinados aspectos dos hospedeiros e ambientes.

Coccidios

Classificagdo

O termo coccidia designa uma ordem de protozoarios pertencentes ao filo Apicomplexa
denominada: Eucoccidiorida. A caracteristica que melhor define este grupo de micro-organismos € o
oocisto resistente, dotado de uma parede protetora (SOUZA et al., 2005)

Os coccidios formam um grupo diversificado e complexo de parasitos existindo algumas
familias, géneros e espécies (MASSEY, 2003). Os coccidios dos géneros Isospora e Eimeria, que
sdo os mais relevantes parasitos de aves da ordem Passeriformes (BERTO et al. 2011), segundo
Ruggiero et al. (2015), apresentam a seguinte classificacao:

Super-reino: Eukaryota Whittaker e Margulis, 1978

Reino: Chromista Cavalier-Smith, 1981

Filo: Miozoa Cavalier-Smith, 1987

Infrafilo: Apicomplexa Levine, 1970

Classe: Coccidiomorphea Doflein, 1901

Subclasse: Coccidia Leuckart, 1879

Familia: Eimeriidae Minchin, 1903

Género: Eimeria Schneider, 1875

Género: Isospora Schneider, 1881

Morfologia e aspectos bioldgicos

FEimeria Schneider, 1875

Oocistos de Eimeria spp, figura 1, sdo compostos por quatro esporocistos, contendo dois

esporozoitos cada (LEVINE, 1985). Além disso, esse género apresenta diferengas entre os tamanhos

(didmetro),
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ontornos (eliptico, oval ou circular), estruturas internas, espessura de parede e cor de acordo com as
espécies (SCHNITZLER et al., 1999). A parede dos oocistos desse coccidio apresenta diferencas
entre as espécies, podendo ter espiculas, rugas, micropila, capuz polar entre outras, e sendo menos

comum a presenga de corpos de Stieda e substieda (CASAS et al., 1995).

Figura 1. Desenho do oocisto esporulado do género Eimeria sp., Barra de escala: 10pum.

Isospora Schneider, 1881

Coccidios do género Isospora, figura 2, sdo disporicos tetrazdicos, o que significa que
possuem dois esporocistos com quatro esporozoitos cada (LEVINE, 1985; GARCIA; BRUCKNER,
1997). Em geral, o oocisto ndo possui corpo residual (BERENGUER, 2006); diferentemente, do que
ocorre com as espécies do género Eimeria. Oocistos de Isospora spp. possuem paredes mais
uniformes, sendo necessario observar outras caracteristicas tais como corpo de Stieda e substieda
para identificar-se especificamente (BERTO et al., 2014).

Protozoarios do género Isospora geralmente estdo relacionados a infec¢des entéricas, mas
podem acometer outros 6rgdos como rins, figado e bago. No intestino, infectam as células do epitélio
intestinal causando sua destrui¢do. A manifestacdo clinica dependerd do dano causado nas células
intestinais pelas formas juvenis do parasito, o qual resultara na diminui¢cdo da alimentacdo, da
absorcao de nutrientes e do processo digestivo, além de aumentar a suscetibilidade a outros agentes.
Aves parasitadas podem ser assintomaticas ou desenvolverem sinais clinicos como diarreia, penas

ericadas ¢ morte (PEREIRA et al., 2011).
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Figura 2. Desenho do oocisto esporulado do genro de Isospora. sp, Barra de escala: 29910pm.

OBJETIVOS E DEMAIS OBSERVACOES

O presente estudo tem como objetivo principal o conhecimento sobre a diversidade das
espécies de coccidios parasitando aves silvestres, identificando e quantificando coccidios de aves
capturadas em algumas localidades do Brasil e Portugal.

Os objetivos especificos foram: (1) Pesquisar oocistos de coccidios de amostras fecais de
aves silvestres capturadas em algumas localidades do Brasil e Portugal, estabelencendo prevalénciase
distribuicdes; (2) Quantificar os oocistos pela contagem do nimero de oocistos por defecagdo
(OoPD), conferindo as densidades especificas; e (3) Identificar especificamente os coccidios, por
métodos morfologicos e moleculares, descrevendo e redescrendo espécies de acordo com seus
respectivos hospedeiros e localidades.

Neste sentido, sdo apresentados a seguir cinco capitulos que conferem com cinco artigos

publicados contendo os resultados desta trabalho de doutorado.
METODOLOIA GERAL

Areas de Coletas

Foram realizadas expedi¢des em em cinco localidades diferentes da regido de Mata Atlantica (1) Parque

Nacional do Itatiaia, uma éarea protegida localizada na Serra da Mantiqueira, na fronteira dos Estados do Rio de
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Janeiro, Minas Gerais e Sio Paulo (ICMBIO, 2018a); (2) Parque Nacional da Serra dos Orgéos sede Teresopolis
¢ uma area fragmentada da Mata Atlantica no municipio de Guapimirim, localizada ao redor do Parque Nacional
da Serra dos Orgéos (ICMBIO 2018b); (3) Cacaria, no municipio de Pirai, no estado do Rio de Janeiro; (4) area
rural no Distrito de Santa Rita de Cassia, no municipio de Barra Mansa, Estado do Rio de Janeiro; (5) Campus do
Instituto Federal de Educagdo, Ciéncia e Tecnologia do Rio de Janeiro, no municipio de Pinheiral, Estado do

Rio de Janeiro.

Captura das Aves

As aves sdo capturadas através de rede de neblina com tamanhos de malhas diferenciados
objetivando a captura de aves de diferentes portes. As redes sdao frequentemente verificadas, a cada 15
minutos, e aves capturadas sdo retiradas manualmente tentando amenizar o estresse. Apods a retirada das
aves, as mesmas foram mantidas em caixas individuais com papel absorvente limpo. Apds a
identificagdo das espécies, as aves foram fotografadas e liberadas. As fezes observadas como
procedentes foram coletadas e colocadas em um tubo de centrifugagdo com uma solug¢do de dicromato de
potéssio a 2,5% (K2Cr207). As permissdes de coleta de campo foram concedidas a B.P. Berto pelo
SISBIO / ICMBIo (licencas 42798-1; 45200-1; 49605-1; 54951-1) e CEUA / UFRRJ (protocolos 1V-
036/2014; ICBS-008/2015; IV-6606250616).

Figura 1: Captura de ave por rede de neblina (A); Retirada da ave da rede de neblina (B); Processamento
das aves (C); Caixa para coleta das fezes (D); Amostras de Oopds (E).
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Andlises morfologicas

As amostras foram transportadas para o Laboratério de Biologia de Coccidios da Universidade
Federal Rural do Rio de Janeiro (UFRRJ), e foram incubadas em tubos de centrifuga e regularmente
oxigenadas por agitacdo, a temperatura ambiente (~ 25 ° C) por 10 dias ou até ~ 70% dos oocistos
estarem esporulados. Os oocistos foram isolados por flotacio em solu¢do de aglicar Sheather
(gravidade especifica: 1,20) e examinados microscopicamente usando a técnica descrita por
Duszynski e Wilber (1997) e Berto et al. (2014a). As observagdes morfolégicas, desenhos de linha,
fotomicrografias e medigdes foram feitas usando um microscopio binocular Olympus BX(Olympus
Optical, Toquio, Japao) acoplado a uma camera digital Eurekam 5.0 (BEL Photonics, Monza, Italia).
Os desenhos de linha foram editados usando dois aplicativos de software da CorelDRAW® (Corel
Draw Graphics Suite, versdao 11.0, Corel Corporation, Canada), ou seja, Corel DRAW e Corel
PHOTO-PAINT. Todas as medigdes estdo em micrometros e sdo fornecidas como o intervalo seguido

pela média entre parénteses.

Figura 2: Amostras sendo incubadas no Dicromato de Potassio (A); Laminas para a leitura das amostras

(B); Processamento das amostras (C).

Andalises moleculares

Oocistos individuais identificados com as mesmas caracteristicas da espécie a ser redescrita
sob microscopia de luz foram isolados, ressuspensos em PBS e lavados por centrifugacdo até que o
sobrenadante se tornasse claro (Dolnik et al. 2009). O DNA foi extraido dos oocistos usando o kit
Qiagen DNeasy Blood and Tissue (Qiagen, Sdo Paulo, Brasil) de acordo com as instrugdes do
fabricante. Para lisar totalmente os oocistos, quatro ciclos de congelamento e descongelamento foram
aplicados antes da extracdo do DNA. A amplificagdo por PCR para o gene COI foi realizada por
aninhamento de PCR, conforme previamente descrito por Dolnik et al. (2009) e Yang et al. (2015).

Os iniciadores externos COIbF1 (5'-GWT CAT TAG TAT GGG CAC ATC A-3') e COIbR1
(5-CCA AGA GAT AAT ACR AAR TGG AA-3 ') produziram um produto de PCR de 302 pb de
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tamanho. Os primers internos COIbF2 (5'-GGG CAC ATC ATA TGA TGA C-3 ") e COIbR2 (5'-
ATA GTA TGT ATC ATG TAR WGC AA-3 ') produziram um fragmento de 257 bp de tamanho.
Areacdo de PCR continha 12,5 pL de mistura principal incolor GoTaq® G2 Hot Start (Promega) (1
x),0,25 uL de cada primer (0,2 pM), 3 uL. de DNA (para a rea¢do primaria) ou 3 pL de produto de
PCR primario (para a reacdo secundaria) e 9 pulL de agua sem nuclease. Tanto a PCR primaria
quanto a secunddria foram conduzidas usando as mesmas condi¢des de ciclagem: 1 ciclo de 94 ° C
por 5 min, seguido por 35 ciclos de 94 ° C por 30s, 47 © C por 45s e 72 °© C por 1 min € uma
extensao final de 72 © C por 5 min. Os fragmentos da segunda rodada de PCR foram purificados

usando o Qiagen MinElute PCR Purfication (Qiagen, Sao Paulo, Brasil).

Analises de sequéncia de DNA

Todos os fragmentos de PCR foram sequenciados utilizando os primers forward e reverse
PCR da Ludwig Biotechnology, usando um analisador genético ABI-Prism 3500 (Applied
Biosystems, Foster City, Califérnia) para sequenciamento Sanger. Os resultados das reagdes de
sequenciamento foram analisados e editados usando o programa Chromas 2.6. As sequéncias
foram comparadas entre si € com outros parasitas coccidios disponiveis no banco de dados do
GenBank usando a Basic Local Alignment Search Tool (BLAST). Arvores filogenéticas foram
construidas para espécies coccidianas nas sequéncias COI para isolados adicionais do GenBank. As
analises de alinhamento e parcimonia foram conduzidas usando MEGA versao 7 (Tamura et al.
2007). A historia evolutiva foi inferida usando a unido de vizinhos (NJ) e métodos de maxima
verossimilhanga (ML), e as distancias foram calculadas usando o método de Tamura-Nei com base
na selecdo de modelo usando ModelTest em MEGA 7. As arvores iniciais para a pesquisa
heuristica foram obtidas automaticamente aplicando a jun¢do de vizinhos e algoritmos BioNJ a
uma matriz de pares. As distancias estimadas usando a abordagem de méaxima verossimilhanga
composta e, em seguida, selecionando a topologia com valor de log de verossimilhanga superior.
As analises de bootstrap foram conduzidas usando 1000 réplicas para avaliar a confiabilidade das

topologias de arvore inferidas.
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CAPITULO I

Nova espécie e registro de Isospora em Passeriformes

Isospora brasilsatoae n. sp. (Apicomplexa: Eimeriidae) from thrushes Turdus spp. (Passeriformes:

Turdidae) from Brazil.

26



Resumo
Uma nova espécie de coccidio (Protozoa: Apicomplexa: Eimeriidae) encontrado parasitando sabia-
una Turdus flavipes (Vieillot, 1818), sabia-barranco Turdus leucomelas Vieillot, 1818 e sabid-poca
Turdus amaurochalinus Cabantern, 1850. Isospora brasilsatoae n. sp. tem oocistos que sao ovoides
a piriformes, 26,8 x 21,1 pm, com parede lisa e bicamada, com aproximadamente 1,6 um de
espessura. Micrdpila presente. Residuo de oocisto ausente, mas um a trés granulos polares estao
presentes. Os esporocistos sdo ovais alongados, 18,1 x 10,5 um. Corpo Stieda em forma de botdo e
corpo sub-Stieda trapezoidal. O residuo de esporocisto € composto por granulos que parecem estar
ligados a membrana. Os esporozoitos sao vermiformes com corpos e estrias refratarios. Esta ¢ a

nona descri¢cao de uma Isospora sp. parasitando um sabia do Novo Mundo.

Palavras-chave: taxonomia, morfologia, coccidios, Isospora, oocistos, Passeriformes, Turdidae,
Parque Nacional Itatiaia, Parque Nacional Serra dos Orgdos, Guapimirim, Cacaria, Rio de Janeiro,

Brasil.
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Abstract
A new species of coccidia (Protozoa: Apicomplexa: Eimeriidae) found parasitizing the yellow-legged
thrush Turdus flavipes (Vieillot, 1818), the pale-breasted thrush Turdus leucomelas Vieillot, 1818
and the creamy-bellied thrush Turdus amaurochalinus Cabanis, 1850 in Southeastern Brazil is
described. Isospora brasilsatoae n. sp. has oocysts that are ovoidal to pyriform, 26.8 x 21.1 pm, with
smooth, bilayered wall, ~1.6 pm thick. Micropyle present. Oocyst residuum absent, but one to three
polar granules are present. Sporocysts are elongate ovoidal, 18.1 x 10.5 um. Stieda body knob-like
and sub-Stieda body trapezoidal. Sporocyst residuum is composed of granules that appear to be
membrane-bounded. Sporozoites are vermiform with refractile bodies and striations. This is the ninth

description of an Isospora sp. parasitizing a New World thrush.

Keywords: taxonomy, morphology, coccidia, Isospora, oocysts, Passeriformes, Turdidae, Itatiaia

National Park, Serra dos Orgﬁos National Park, Guapimirim, Cacaria, Rio de Janeiro, Brazil.
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INTRODUCAO

O Brasil possui 14% da biodiversidade mundial, a explicagdo para essa riqueza biologica
estd no grande numero de espécies endémicas, na enorme cobertura vegetal, na variedade de biomas
e na imensa costa (LEWINSOHN & PRADO 2005). O Brasil ocupa 47,8% da regido Neotropical,
sendo conhecido como o 'pais das aves' por possuir cerca de um tergo de todas as espécies do planeta,
representando quase 57% do total de aves residentes na América do Sul. Nesse sentido, o Brasil se
torna um dos paises mais importantes em investimentos em conservagdo de aves do mundo (SICK
1997; LEWINSOHN & PRADO 2005; MARINI & GARCIA 2005).

Entre todas as familias de Aves no Brasil, a familia Turdidae compreende 20 géneros e 180
espécies, das quais 87 sdo classificadas no género Turdus Linnaeus, 1758. Turdus spp. sdo abundantes
nas florestas Atlantica e Amazonica, preferencialmente habitando areas umidas com arvores mais
altas nas encostas, mas também encontradas perto do solo, alimentando-se de pequenos frutos e
insetos (SICK 1997; BIRDLIFE INTERNATIONAL 2016).

Aves silvestres sao hospedeiras de endo e ectoparasitas; no entanto, entre todos esses, pode-
se destacar os protozodarios coccidianos. O parasitismo por coccidios ndo deve afetar a satide das
aves silvestres em ambientes preservados e/ou conservados; no entanto, em ambientes impactados,
gerando estresse € consequentemente a baixa da imunidade, torna as aves silvestres mais suscetiveis
a coccidiose.

Neste contexto, o presente estudo descreve uma nova espécie de Isospora recuperada em sabia-
una Turdus flavipes (Vieillot, 1818), sabid-barranco Turdus leucomelas Vieillot, 1818 e sabid-poca
Turdus amaurochalinus Cabanis, 1850 capturados em diferentes localidades no sudeste do Brasil,

figura 1.

A

Figura 1 : Representantes das aves hospedeiras, Turdus flavipes (A); Turdus leucimelas (B); Turdus

amaurochalinus (C).
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METODOLOGIA

No total, quatro expedigdes foram realizadas em trés localidades diferentes no sudeste do Brasil: (1)
Parque Nacional do Itatiaia, uma area protegida localizada na Serra da Mantiqueira, na fronteira dos
Estados do Rio de Janeiro, Minas Gerais ¢ Sao Paulo (ICMBIO, 2018a); (2) uma area fragmentada
da Mata Atlantica no municipio de Guapimirim, localizada ao redor do Parque Nacional da Serra dos
Orgdos, outra area protegida localizada na serra costeira (Serra do Mar) do Estado do Rio de Janeiro
(ICMBIO 2018b); e (3) Cacaria, no municipio de Pirai, no estadodo Rio de Janeiro. Um total de cinco
exemplares de 7. flavipes (quatro do Parque Nacional do Itatiaiae um de Cacaria), quatro exemplares
de T. leucomelas (dois do Parque Nacional do Itatiaia e dois de Guapimirim) e um individuo de 7.

amaurochalinus (Cacaria) foram capturados com redes de neblina.

RESULTADOS
Dois exemplares de 7. flavipes do Parque Nacional do Itatiaia, um de 7. leucomelas de
Guapimirim e um unico de 7. amaurochalinus de Cacaria, foram positivos para Isospora sp. nao

registrado na literatura cientifica.

Isospora brasilsatoae Oliveira e Berto n. sp.

Figura 2. Desenho do oocisto esporulado de Isospora brasilsatoae n. sp, novas espécies de coccidio
recuperada de Turdus flavipes, Turdus leucomelas e de Turdus amaurochalinus. Barra de escala

29910pum.
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Hospedeiro tipo: Sabid-una Turdus flavipes Vieillot, 1818 (Aves: Passeriformes: Turdidae).
Outros hospedeiros: Sabid-barranco Turdus leucomelas Vieillot, 1818 (Aves: Passeriformes:
Turdidae); Sabid-poca Turdus amaurochalinus Cabanis, 1850 (Aves: Passeriformes: Turdidae).

Localidade: Parque Nacional do Itatiaia (22° 26'S7 "S, 44° 365" W), sudeste do

Brasil.

Outras localidades: Cacaria (22° 42'51 "S, 43 © 50'38" W) e Guapimirim (22° 31'10 "S, 43° 00'36"
W), também do sudeste do Brasil.

Material-tipo: foto-tipo, desenhos de linhas e oocistos recuperados de 7. flavipes em solugdo de
K2Cr207 a 2,5% (Williams et al. 2010) sao depositados no Museu de Zoologia da UFRRJ, Brasil,
sob o nimero de acesso MZURPTZ2018007. As fotomicrografias também siao depositadas e
disponibilizadas (http://r1.ufrrj.br/labicoc/colecao.html) na Colecdo de Parasitologia do Laboratorio
de Biologia de Coccidios, na UFRRJ, sob o repositorio nimero P-90/2018. As fotografias do

espécime hospedeiro-tipo (simbiotipo) sdo depositadas na mesma colegao.

Registro do ZooBank: Para cumprir os regulamentos estabelecidos no artigo 8.5 da versao
alterada de 2012 do Codigo Internacional de Nomenclatura Zoologica (ICZN, 2012), os detalhes das
novas espécies foram submetidos ao ZooBank. O identificador das ciéncias da vida (LSID) para
Isospora brasilsatoae € urn: 1sid: zoobank.org: ato: ED3F1187-FB31-439E-B5SE2-9F3C0A050BEO.

Esporulagao: Exdgena. Todos os oocistos foram capturados nas fezes sem esporulagdo e
foram esporulados completamente no dia 7 em solugao de K2Cr20O7 a temperatura ambiente (20—25
° Q).

Etimologia: O nome especifico ¢ derivado do nome da parasitologista brasileira Dra Marilia
de Carvalho Brasil Sato, dada em sua homenagem por sua contribuigdo ao estudo da taxonomia e
ecologia de parasitas.

Descricao: Oocisto (n = 15) ovoidal a piriforme, 25 a 30 x 19 a 23 (26,8 x 21,1); relagdo
comprimento / largura (L / W) de 1,2-1,4 (1,27). Parede com duas camadas, delicada, 1,4011,8 (1,6)
de espessura, camada externa lisa, ¢.2 / 3 da espessura total. Micropila presente, sem capuz polar,
rugas ou invagina¢do da camada interna perceptivel. Residuo de oocisto ausente, mas 1 a 3 granulos
polares arredondados presentes. Esporocisto alongado ovoidal com extremidade anterior conica (onde
¢ o complexo Stieda / sub-Stieda), 17 x 19 x 10 x 11 (18,1 x 10,5); Razdo L / W 1,6-1,9 (1,72).Corpo
de Stieda presente, em forma de botdo, com 2,0 x 2,0 de largura. Corpo de Sub-Stieda presente,

trapezoidal, 1,5 alta x 3,5 de largura. Corpo de Para-Stieda ausente. O residuo de esporocisto esta
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presente, como um corpo subesférico distinto, constituido por numerosos pequenos granulos que
parecem estar ligados a membrana, 6-9 (7,5). Esporozoitos vermiformes, com corpos refratarios
anteriores e posteriores € estrias.

Observacgdes: Isospora brasilsatoae ¢é diferente de outras espécies coccidianas de Turdidae do
Novo Mundo em varios aspectos (Tabela 1). E o tnico a ter uma forma piriforme dos oocistos. Possui
uma micropila, caracteristica presente apenas nos oocistos de Isospora albicollis Lainson & Shaw,
1989, Isospora sabiai Pinho, Rodrigues, Silva, Lopes, Oliveira, Oliveira, Ferreira, Cardozo, Luz,
Ferreira, Lopes & Berto, 2017 e Isospora machadoae Pinho, Silva, Rodrigues, Lopes, Oliveira, Luz,
Ferreira, Lopes & Berto, 2018 (LAINSON & SHAW 1989; PINHO et al., 2017a; 2017b; 2018).

Desses trés, I. brasilsatoae pode ser facilmente diferenciado por ter até trés granulos polares
arredondados, esporocistos alongados ovoidal (razdao L / W> 1,6), corpo trapezoidal do corpo sub-

Stieda e residuo compacto.

A

Figura 3. Fotomicrografias (A-C) de oocistos esporulados de Isospora brasilsatoae n. sp, nova espécie de
coccididio recuperada Turdus flavipes (A), Turdus leucomelas (B) Turdus amaurochalinus (C). Corpo de
Stieda (sb), corpo sub-Stieda (ssb), residuo de esporocisto (sr), estrias (str) e o corpo refratil (rb). Barra
de escala: 10pm.

DISCUSSAO

Os sabias capturados no presente estudo pertencem a espécies florestais, apresentam habitos
alimentares semelhantes, como invertebrados em solo Umido e alimentagdo de frutas e bagas
(VOGEL et al., 2014). Assim, os sabias nos ambientes antropogénicos podem apresentar alteracdes
em seus habitos, gerando maior gasto energético na adaptacdo aos diferentes ambientes,
predispondo-os atransmissoes e infeccdes (GIRAUDEAU et al., 2014). Além disso, estudos como
de Souza et al. (1992) enfatizam que os ambientes florestais apresentam aves menores com habitos
de alimentagdo predominantemente frugivoros, que tendem a ter maior prevaléncia e densidades de
coccidios. Apesar disso, as amostras fecais recuperadas dos sabids do presente estudo ndo eram
excessivamente densase as aves estavam aparentemente saudaveis, demonstrando que essas aves nao

sofriam de coccidiose,mesmo em ambientes antropogénicos.
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Os coccidios da familia hospedeira Turdidae no Novo Mundo integram um dos poucos
grupos de coccidios a serem bem caracterizados e diferenciados no "The coccidia of the world".
Desde os trabalhos de McQuistion & Holmes (1988) e Lainson & Shaw (1989) até os trabalhos
mais recentes do século XXI, as espécies coccidianas dessa familia anfitrid foram descritas com
precisdo e em grande detalhe, com isso, espécies dificilmente identificadas como I. sabiai, que
exigem muitas observagdes e avaliagdes morfométricas para sua caracterizagdo (PINHO et al.,
2017b), conseguem ser identificadas com facilidade, pois mesmo as espécies que apresentam
caracteristicas proeminentes como /. albicollis e I. machadoae sao bem diferenciadas (LAINSON &

SHAW 1989; PINHO et al., 2018), como mostrado na Tabela 1.

Isospora brasilsatoae ¢ um exemplo de espécie coccidiana com caracteristicas muito
proeminentes, o que facilita consideravelmente sua identificagdo. Além do grande tamanho, a forma
piriforme observada na grande maioria de seus oocistos, somada ao esporocisto muito alongado com
sua extremidade conica (onde ¢ o complexo Stieda / sub-Stieda), permite a identificacdo de 1.
brasilsatoae com precisao.

Finalmente, a comparacdo de I brasilsatoae as demais espécies de Isospora descritas da
familia anfitrid Turdidae no Novo Mundo (Tabela 1) apoia claramente a designacdo como uma
espécie unica. Portanto, /. brasilsatoae ¢ considerado novo na ciéncia, sendo a nona descricdo de

Sabias do Novo Mundo.
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Tabela 1. Morfologia comparada de Eimeria spp. recuperados de Columbidae do Novo Mundo

Oocistos Sporocysts
Indice
Coccidio  Hospedeiro Reférencia Comp. Larg. Indice o Comp. Larg. Morfo Corpo  Corpo
forma _ Parede Micrépila granulo Polar  Forma ) ) ) Residuo
(um) (um) Morfométrico (um)  (um) métric Stieda SubStieda
o
Eimeria
) o 18-20 . 15-18 10-11
labbeana Columbalivia Levine et al. (1980) ellipsoidal  25-28 (27) (19) - suave ausénte presente ovoide a6 - presente presente compato
Isospora
robini Turdus L. L semelhant
McQuistion & Holmes ellipsoidal 16-22 10-17 7-12
McQuistion migratorius (1988) oll ovoide 20-28 (23) 20) (1.2) suave ausénte presente ovoide (13.8) (9.0) (1.5) ea proeminente compato
and Holmes, Linnaeus, 1766 mamilo
1988
Isospora
semelhant
tucuruiensis Turdus albicollis . L. 15-19 14-19 A presente, Gnico, . 10-13 7-10 amplo, 0.5 difuso ou
Lainson & Shaw (1989) Subsférico - suave ausénte ellipsoidal - ea
Lainson and Vieillot, 1818 (17.3) (17.1) ~3x2 (11.8) (8.4) . x 1.5 compato
mamilo
Shaw, 1989
em forma
Isospora de
Ibicolli 22-27 19-24 te, Gni 12-15 8-10 il lo, 1.0 di
ADICOtIS 1 atbicollis Lainson & Shaw (1989) ovoide - suave  presente Presente, unieo. - o ipsoidal _ ~ Mmamflo amplo, 1.0 dlusoou
Lainson and (24.5) (20.3) ~2.5x%x2 (16.0) (11.2) para x 4 compato
Shaw, 1989 forma de
bolha
Tipo
T. albicollis; 1.5— botdo para
L albicollis  Turdus leucomelasPinho et al. (2017a) ovoide 23-26 18-22 1.2-1.4 (1.24) suave presente presente, unico ellipsoidal 14-17 9711 1.6 arrendond amplo, 1.5 x difuso ou
o (24.4) (19.7) (15.4) (10.1) 3.1 compato
Vieillot, 1818 (1.52). ado, 1.7 x
1.3
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Isospora
zorzali

Keeler,

Yabsley,
aurantiirostris

Gibbs,
(Hartlaub, 1850)
McGraw and

Catharus Redondo,

Keeler et al. (2012) levemente

ovodide

Hernandez,
2012
Isospora

massardi

Lopes, Berto,

T. albicollis Lopes et al. (2014) subsférico

Luz, Galvao,
Ferreira and
Lopes, 2014
Isospora
sabiai Pinho,
Rodrigues, T albicollis,
Silva, Lopes, Turdus rufiventris

Vieillot, 1818; T.

o subsférico
Oliveira,

Pinho et al. (2017b) para

Ferreira, leucomelas;

ellipsoidal
Cardozo,

Turdus flavipes
Luz, Ferreira, Vieillot, 1818
Lopes and
Berto, 2017
Isospora
machadoae
Pinho, Silva,
Rodrigues, T. albicollis Pinho et al. (2018) subsférico
Lopes,

Oliveira,

Luz, Ferreira,

16-24
(19.7)

15-21
(18.6)

17-27
(20.9)

21-24
(22.2)

15-21

1.1
(186)( )

suave

14-19
1.0-1.1(1.1) suave
(17.7)

15-24 .0-1.
1.0-1.4(1.12) 1.0-14
(18.6) (1.12)
20-23 1.0-1.2
rude
(21.2) (1.1).

presente, )
ausénte ovoide
1to2
presente, 2
. granulos .
ausénte ovoide
ellipsoidais, 1.5
x 0.5
elongado
presente, forma para
presente, de lascas ou ellipsoidal
imperceptivel :
virgulas para
reniforme
presente, 1 a2
presente subsféricos e ellipsoidal

robustos

11-18 7-11

1.7
(14.5) (8.5) e

1.4-
13-16 8-11

(14.8) (9.3) 06

14-22 7-12

2.1
(16.5) (9.2) 0s)

1214 911 127

33) (.
(13.3) 0.7 (1.4)

semelhant

difuso ou
ea ausénte

compato
mamilo
Tipo
botdo paraarredondado

ifuso

arredonda , 1.5 x 3.5
do, 1 x2
presente, presente,
tipo arredondado

compato
botdo, 0.5 para conico,
x 2.0 1.0x2.0
achatado
em forma

arredondado
de meia difuso
,1.5%x2.5

lua, 0.5 x
1.5
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Lopes and

Berto, 2018
T. flavipes; T.

Isospora

brasil leucomelas, presente, 1.6— tipo

rasilsatoae 6id, 25-30 (26.819-23 1 d 17-19 10-11 - t idal,

Turdus current work ovordea ( 1.2-1.4 (1.27) suave presente la3, clongado 19 botdo,2.0 PO compato

Oliveira and periforme ) (21.1) ovooide (18.1) (10.5) 1.5%x3.5
amaurochalinus arredondados (1.72) x2.0

Berto n. sp.

Cabanis, 1850
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CAPITULO II

Nova espécie de Eimeria de rolinhas-roxas
Coccidia of Columbiformes: a taxonomic review of its Eimeriidae species and Eimeria columbinae

n. sp. from Columbina talpacoti (Temminck, 1809) from Brazil

39



Resumo

Coccidios (Chromista: Miozoa: Eimeriidac) de aves Columbiformes (Aves: Columbiformes) sdo
descritos desde o final do século XIX; no entanto, algumas dessas descri¢des eram pouco detalhadas
ou inconclusivas, resultando em uma dificuldade atual na identificacdo de espécies com base nas
descrigdoes originais. Nesse sentido, o presente trabalho faz uma revisdo taxondmica detalhada,
reconsiderando e ajustando 18 Eimeria spp. e duas Isospora spp. previamente descrita ou relatada de
Columbiformes. Junto com isso, uma nova espécie de Eimeria ¢ identificada morfologica e
molecularmente pelo gene da subunidade 1 do citocromo ¢ oxidase mitocondrial (COI) e pelo gene
do RNA ribossomico da pequena subunidade 18S (18S) da rolinha-roxa Columbina talpacoti
(Temminck, 1809) na regido do Médio Paraiba do Estado do Rio de Janeiro, sudeste do Brasil.
Eimeria columbinae n. sp. possui oocistos subesféricos, 14,7 x 13,2 um, com parede lisa de duas
camadas, ~ 1,1 um e razdo comprimento / largura de 1,1. Residuos e micropila no oocisto estdo
presentes, e granulo polar ausente. Os esporocistos sdo elipsoidais a leve assimetria, 9,0 x 5,1 pum,
com os corpos de Stieda e sub-Stieda. Residuo de esporocisto presente e esporozoitos com corpo e
nucleo refratarios. Esta ¢ a décima nona descricao de uma espécie Eimeriidae de Columbiformes no

mundo e a segunda a ter uma identificagdo molecular dos genes COI e 18S.
Palavras-chave

Taxonomia; morfologia; coccidios; Eimeria; oocistos; Columbiformes; Columbidae; Barra Mansa,;

Santa Rita de Cassia; Pinheiral; IFRJ; Rio de Janeiro; Brasil
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Abstract

Coccidia (Chromista: Miozoa: Eimeriidae) of Columbiform birds (Aves: Columbiformes) have been
described since the end of the 19th century; however, some of these descriptions were poorly detailed
or inconclusive, resulting in a current difficulty in identifying species based on the original
descriptions. In this sense, the current work makes a detailed taxonomic revision reconsidering and
adjusting 18 Eimeria spp. and two Isospora spp. previously described or reported of Columbiformes.
Along with this, a new species of Eimeria is morphologically and molecularly identified by the
mitochondrial cytochrome ¢ oxidase subunit 1 (COI) gene and by the 18S small subunit ribosomal
RNA (18S) gene from the ruddy ground-dove Columbina talpacoti (Temminck, 1809) in the Médio
Paralba region of the State of Rio de Janeiro, southeastern Brazil. Eimeria columbinae n. sp. has sub-
spherical oocysts, 14.7 x 13.2 um, with smooth, bi-layered wall, ~ 1.1 pm and length/width ratio of
1.1. Micropyle and oocyst residuum are present, but polar granule is absent. Sporocysts are ellipsoidal
to slight asymmetry, 9.0 x 5.1 um, with both Stieda and sub-Stieda bodies. Sporocyst residuum
present and sporozoites with refractile body and nucleus. This is the nineteenth description of an
eimerian species of Columbiformes in the World, and the second to have a molecular identification

of the COI and 18S genes.
Keywords

Taxonomy; morphology; coccidia; Eimeria; oocysts; Columbiformes; Columbidae; Barra Mansa,;

Santa Rita de Cassia; Pinheiral; IFRJ; Rio de Janeiro; Brazil
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INTRODUCAO

A ordem Columbiformes retine um total de 367 espécies em apenas uma familia: a familia
Columbidae (IUCN, 2019). Essas espécies tém distribuicdo mundial, com 23 espécies em territorio
brasileiro (PIACENTINI et al, 2015). Considerada uma espécie sinantropica, a Rolinha-roxa
Columbina talpacoti (Temminck, 1809) ¢é bastante abundante em centros urbanos ou regides
antropizadas. E completamente adaptada as areas urbanas, semelhante ao pombo comum Columba
livia Gmelin, 1789, sendo encontrado em grandes edificios verticais, pracas € em casas a procura de
comida. Foi uma das primeiras espécies de aves brasileiras a se adaptar ao ambiente urbano e,
curiosamente, atualmente ¢ observada em maior quantidade nas areas urbanas do que em seu habitat
original (SICK, 1997).

As vezes, as aves Columbiformes sdo relatadas por uma alta taxa de parasitismo dos mais
diversos tipos, tomando como exemplo o parasitismo por coccidio. Os coccidios sdo protozoarios
parasitos intracelulares obrigatorios relacionados ao parasitismo intestinal dos mais diversos grupos
de animais (BERTO et al., 2014). A identificacdo especifica dos coccidios ¢ baseada na morfologia
do oocisto esporulado e complementada por abordagens que incluem a quantificagdo de oocistos
(oocistos por grama de fezes ou gota fecal), locais de infec¢do, especificidade do hospedeiro, aspectos
ecologicos, genotipagem de genes especificos (DUSZYNSKI & WILBER, 1997; TENTER et al,,
2002; BERTO et al, 2011).

O género Eimeria Schneider, 1875 (Chromista: Miozoa: Eimeriidae) ¢ frequentemente
encontrado em Columbiformes; embora duas espécies de Isospora spp. também tenham sido
relatados a partir dessa ordem (VARGHESE 1978a; JAMRISKA & MODRY, 2012;
MATSUBARA et al., 2017). Essas descricdoes datam do final do século XIX; no entanto, alguns
deles eram pouco detalhados ou inconclusivos, resultando em uma dificuldade atual na identificagdo
de espécies com base nas descri¢cdes originais. Nesse sentido, o trabalho atual aborda uma revisdo
taxondmica detalhada, reconsiderando e ajustando as espécies Eimeriidae descritas anteriormente
para os Columbiformes. Junto com isso, uma nova espécie de FEimeria ¢ identificada
morfologicamente e molecularmente pelo gene da subunidade 1 do citocromo ¢ oxidase mitocondrial
1 (COI) e pelo gene do RNA ribossomico da subunidade 18S pequena (18S) da rolinha — roxa C.

talpacoti na Regido do Médio Paraibado Estado do Rio de Janeiro, sudeste do Brasil.
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Figural: Representante da Columbina talpacoti, ave hospedeira.

METODOLOGIA

As expedicoes foram realizadas em seis momentos em duas localidades diferentes na regiao do
Médio Paraiba do Estado do Rio de Janeiro, sudeste do Brasil. A primeira expedicdo ocorreu em
julho de 2018 em uma area rural no Distrito de Santa Rita de Cassia, no municipio de Barra Mansa,
Estado do Rio de Janeiro (27° 29'48"S, 44° 09'45"W), que ¢ uma comunidade ecologica do climax,
caracterizado por compreender espécies que sao as melhores competidoras da comunidade local. As
ultimas cinco expedi¢des foram realizadas em agosto, setembro, outubro e novembro de 2018 e
janeiro de 2019, no campus do Instituto Federal de Educagdo, Ciéncia e Tecnologia do Rio de
Janeiro, no municipio de Pinheiral, Estado do Rio de Janeiro (22° 31'37"S, 43° 59'45"W), que ¢ uma
comunidade em sucessdo secundaria em processo de reflorestamento. Redes de neblina foram usadas
para a captura das aves. Um total de quatro rolinhas - roxas, C. talpacoti, foram capturadas (um de

Barra Mansa e trés de Pinheiral).

RESULTADOS

Descri¢do das novas espécies

Quatro espécimes de C. talpacoti foram capturados, mas apenas um foi positivo para coccidios.
Os oocistos observados eram caracteristicos de Eimeria;, no entanto, eles nao tinham as mesmas
caracteristicas com nenhuma espécie de Eimeria sp. relatado anteriormente em Columbiformes.

Portanto, esta nova espécie € descrita da seguinte forma:

Eimeria columbinae n. sp Ortuzar-Ferreira e Berto n. sp.
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Reino: Chromista Cavalier-Smith, 1981
Filo: Miozoa Cavalier-Smith, 1987
Infraphylum: Apicomplexa Levine, 1970
Classe: Coccidiomorphea Doflein, 1901
Subclasse: Coccidia Leuckart, 1879
Familia: Eimeriidae Minchin, 1903

Género: Eimeria Schneider, 1875

Oocisto (n = 20) subesférico a elipsoidal, 13-16 x 12-14 (14,7 x 13,2); (L / W) de 1,0 a 1,2 (1,11).
Parede com duas camadas, espessura de 1,0-1,2 (1,1 um), camada externa lisa, c.2 / 3 da espessura
total. Micropila discreta, mas perceptivel quando ha uma invaginacao da camada interna, com 3,0 a
4,5 (3,8) de largura. Residuo de oocisto presente, constituido por granulos parcialmente ligados e /
ou difundidos entre os esporocistos, que parecem estar ligados a membrana. Granulo polar ausénte.
Esporocisto elipsoidal a ligeiramente assimétrico, 8-10 x 5-6 (9,0 x 5,1); Razao L / W 1,6-2,0 (1,77).

Corpo de Stieda presente, achatado em forma de meia-lua, 0,2 alta x 1,0 de largura. Corpo de Sub-

Stieda presente, arredondado, 0,6 de altura x 1,3 de largura. Corpo de Para-Stieda ausente. Residuo
de esporocisto presente, constituido por numerosas esférulas de diferentes tamanhos. Esporozoitos

vermiformes, com corpo refratario posterior e nucleo central.

Figura 2. Desenho (A) e fotomicrografias (B — E) de oocistos esporulados de Eimeria columbinae n. sp.
recuperado da Rolinha-roxa Columbina talpacoti. Observe a camada interna (il) e externa (ol) da parede
da micrépila do oocisto (m), residuo do oocisto (ou), corpo refratio (rb), corpode Stieda (sb) e subStieda
(ssb). 5 pm.
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Resumo Taxonomico

Hospedeiro tipo: Columbina talpacoti Temminck, 1809 (Aves: Columbiformes: Columbidae),
rolinha-roxa. Localidade tipo: Distrito de Santa Rita de Cassia (27° 29'48"S, 44° 09'45"W),
municipio de Barra Mansa, Estado do Rio de Janeiro, sudeste do Brasil.

Material-tipo: fotosintipos, desenhos de linhas e oocistos recuperados de C. falpacoti em
solugdo de K»Cr,07 a 2,5% (WILLIAMS et al., 2010) s3o depositados no Museu de Zoologia da
Universidade Federal Rural do Rio de Janeiro, Brasil, sob o nimero de acesso MZURPTZ2019015.
As fotomicrografias também sao depositadas e disponibilizadas
(http://r1.ufrrj.br/labicoc/colecao.html) na Cole¢do de Parasitologia do Laboratorio de Biologia de
Coccidios, na UFRRIJ, sob o nimero de repositorio P-93/2019. As fotografias da amostra do tipo
hospedeiro (simbiotipo) sdo depositadas na mesma colecgao.

Sequéncia de DNA representativa: a amplificagdo de DNA do gene COI e 18S mostrou uma
faixa clara em torno de ~ 250 pb e ~ 400 pb, respectivamente. As seqiiéncias representativas de COI
e 18S foram depositadas no banco de dados GenBank sob os respectivos numeros de acesso
MNO088854 ¢ MN082528. Registro do ZooBank: Para cumprir os regulamentos estabelecidos no
artigo 8.5 da versdo alterada de 2012 do Cddigo Internacional de Nomenclatura Zoologica (ICZN
2012), os detalhes das novas espécies foram enviados ao ZooBank. O Identificador de Ciéncias da
Vida (LSID) para Eimeria columbinae n. sp. is urn: Isid: zoobank.org: act: D861188CD367-444E-
87E7-64586EBSF2CA.

Esporulagao Exdgena: Todos os oocistos foram capturados nas fezes sem esporulagdo e foram
esporulados completamente no quarto dia em solugao de K2Cr20O7 a temperatura ambiente (20—25

°C). Etimologia: O epiteto especifico € derivado do nome genérico do hospedeiro-tipo.

Andlise filogenética

A andlise filogenética incluiu sequéncias de coccidios disponiveis no GenBank (Figs. 5 e 6).
Toxoplasma gondii (Nicolle & Manceaux, 1908) foi usado como grupo externo. Dentre a andlise
filogenética baseada no gene COI, E. columbinae n. sp. ficou em um clado com a similaridade de
98,5% com um Isospora sp. recuperados de Plectrophenax nivalis Linnaeus, 1758 na Republica

Tcheca (TREFANCOVAETAL, 2019).

Outras espécies de Isospora spp. de aves do Velho Mundo, mas também do Novo Mundo, como
Isospora sporophilae Carvalho-Filho, Meireles, Ribeiro, Lopes, 2005, de Sporophila frontalis
Verreaux, 1869 (Rodrigues et al, 2019), representou em clados vizinhos. A semelhanca em

comparagdo com Eimeria sp. de Yang et al. (2016) foi de 95%. Este isolado ¢ a Uinica espécie de
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Columbiformes com sequéncia COI depositada no GenBank; no entanto, essa espécie estava em um
clado distante de E. columbinae n. sp nesta andlise filogenética. Na andlise filogenética baseada em
18S, E. columbinae n. sp estava presente em um clado composto por todos os coccidios de
Columbiformes depositados no GenBank, com a similaridade de 100% com FEimeria sp. de Yang et
al. (2016). Os clados vizinhos eram compostos por espécies de Eimeria de aves ndo Columbiformes,
como papagaios, perus e galinhas, com uma similaridade de ~ 99,5%; e por Ciclospora spp. € Eimeria
spp. de mamiferos, como primatas, morcegos, roedores € ruminantes, com uma similaridade de ~

99,3%.

DISCUSSAO

Revisdo taxonomica de espécies eimeridides de Columbiformes e suas comparagoes com
E. columbinae n. sp.

Como evidenciado em estudos sobre taxonomia de coccidios, parece haver uma especificidade
em nivel familiar nos coccidios parasitos da classe Aves, principalmente na ordem Passeriformes
(DUSZYNSKI & WILBER 1997; BERTO et al., 2011). De fato, isso ndo ¢ problematico no presente
estudo, uma vez que a ordem Columbiformes tem apenas uma familia: Columbidae. Portanto, seria
altamente improvavel que houvesse uma transmissao cruzada de coccidios entre aves de diferentes
ordens; nesse caso, um coccidio de um ndo Columbiforme ndo infecta uma ave Columbiforme. Nesse
contexto, a espécie Eimeria columbina foi comparada em detalhes com espécies de coccidios que
foram encontradas em aves pertencentes a Ordem Columbiformes. Até o momento, sao relatadas 20
espécies de Eimeriidae da familia Columbidae, sendo 18 Eimeria spp. e duas Isospora spp.

Isospora gallicolumbae Varghese, foi descrita a partir da pomba de bronze ocidental
Alopecoenas beccarii (Salvadori, 1876) em Papua, Nova Guiné (VARGHESE, 1978a). Surgem
davidas quanto a validade dessa espécie devido ao parasitismo atipico de Isospora spp. fora dos
Passeriformes. Essas duvidas sao favorecidas apos os ultimos relatos de pseudoparasitismo de
Isospora spp. em roedores e outros animais que apresentam as fezes dos Passeriformes como
pseudoparasitas em suas fezes (TREFANCOVA et al., 2019). Além disso, Varghese (1978a) ndo
detalhou a morfologia dessas espécies, apesar de apresentar fotografias, embora este autor tenha

observado e medido 50 oocistos. Nesse sentido, seria importante que essa espécie fosse reexaminada
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para validag¢do e morfologia, e que outras caracteristicas biologicas, ecologicas e moleculares sejam
complementadas.

Recentemente, Matsubara et al. (2017) descreveram espécies de Isospora sp. de pombos
domésticos C. livia no Japdo, tornando-se o segundo relatorio de um Isospora sp. de Columbiformes
na literatura cientifica. Matsubara et al. (2017) apresentaram uma fotomicrografia, um desenho, uma
descrigdo morfoloégica razodvel dos oocistos, bem como a identificacdo molecular dos genes do RNA
ribossomico da grande subunidade (S) de 18S e 28S (28S). O baixo nimero de oocistos observados
e uma morfologia detalhada inadequada podem ter evitado o nome de uma nova espécie, uma vez
que Isospora sp. nao foi nomeada taxonomicamente neste trabalho. Vale ressaltar que a
fotomicrografia apresentada em Matsubaraetal. (2017) mostra claramente, mesmo que com foco
especifico, uma inclusdo no corpo de sub-stieda, caracteristica comum em espécies de Isospora de
pardais, mas incomum em outros grupos (GRULET et al., 1982). Essa caracteristica foi incluida no
desenho desta espécie no trabalho atual.

Eimeria labbeana (Labbe, 1896) Pinto, 1928 foi o primeiro parasito Eimeriidae descrito a partir
de Columbiformes. Labbe (1896) descreveu originalmente esta espécie como Coccidium pfeifferi
Labbe, 1896, até Pinto (1928) corrigir sua nomenclatura passando a espécie para o género Eimeria;
no entanto, como o nome Eimeria pfeifferi Labbe, 1896, ja era pre ocupado por um parasito de uma
centopéia do género Geophilus Leach, 1814, pela lei de prioridade, a espécie foi renomeada para E.
labbeana. Varias espécies Columbiformes sao registradas como hospedeiras para esta espécie: o
pombo comum Columba livia Gmelin, 1789; a pomba de coleira Streptopelia decaocto Frivaldszky,
1838; arola oriental Streptopelia orientalis Latham, 1790; e a Rola do senegal Spilopelia senegalensis
Linnaeus, 1766 9Labbe 1896; Nieschulz 1935; Hunt ¢ O'Grady 1976; Abdel-Ghaffar et al. 1986).
Bhatia et al. (1972) descreveram Eimeria choudari Bhatia et al. 1972, em um estudo com aves e
mamiferos do zooldgico de Delhi, na india; no entanto, essa espécie foi registrada como sinénimo de
E. labbeana devido as equivaléncias taxondmicas entre suas descrigdes (DUSZYNSKI et al., 2000).
Eimeria columbinae n. sp. possui medidas menores que E. labbeana, além de divergéncia em relacdo
a presenga de um residuo de esporocisto e de um corpo sub-Stieda (Figs. 1, 2 e 3; Tabelal).

Eimeria columbarum Nieschulz, 1935 (Fig. 3D) foi a segunda Eimeria sp. descrita a partir de
pombos comuns C. /ivia, também na India. O trabalho de Nieschulz (1935) foram descritas as novas
espécies e as distinguindo-as de E. labbeana, que era a Unica espécie relatada anteriormente de
Columbiformes. Décadas depois, Malhotra e Ray (1961) descreveram Eimeria tropicalis Malhotra &
Ray, 1961, a partir dessa mesma espécie na India; no entanto, os oocistos eram morfologicamente
equivalentes a E. columbarum, sendo, portanto, considerados sindnimos (DUSZYNSKI et al., 2000).
Como em comparagdo a E. labbeana, E. columbinae n. sp. também possui dimensdes ainda menores

de oocistos e esporocistos do que E. columbarum (Figs. 3,4 e 5; Tabela 1).
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Em Eimeria columbae, Mitra e Das-Gupta, 1937, ndo obtiveram a mesma descrigdo
morfologica detalhada do desenho observado no trabalho de Nieschulz (1935). Embora o ciclo
biologico e as formas enddgenas tenham sido caracterizados, os oocistos ndo foram priorizados na
descrigdo morfologica que permite uma identificagdo mais prospectiva dessa espécie (MITRA &
DAS-GUPTA, 1937). Os esporocistos foram extraidos sem um corpo de Stieda ¢ com um tamanho
desproporcional em relagdo ao oocisto, estabelecendo essa espécie morfologicamente incomum ou
extraidos da observagdo de esporocistos em uma posi¢do nao longitudinal, o que ¢ potencialmente
possivel (BERTO et al., 2014). Além disso, fotomicrografias ndo foram apresentadas para analise,
sendo assim, a espécie foi redesenhada a partir do desenho de linha original, incluindo apenas um
pequeno corpo de stieda achatado; caso contrario, essa espécie nao pode ser encontrada em Eimeria
sp. (JIRKU et al., 2002; BERTO et al., 2014). Seria importante que novos estudos dessa mesma
espécie hospedeira na India fossem realizados para validar essa espécie. Assim, essa espécie é
diferente de E. columbinae n. sp. pelo tamanho e proporcao de oocistos e esporocistos (figuras 3, 4 e
5; tabela 1).

Eimeria sphenocercae Ray, 1952 (Fig. 3F), foi descrita a partir do pombo verde Treron
sphenurus (Vigors, 1832) em Mukteshwar, no distrito de Uttarakhand, na india (Ray 1952). Essa ¢ a
espécie mais distinguivel entre Eimeriidae de Columbiformes. A forma riniforme a elipsoidal com
um dente lateral ¢ um padrao morfoldgico muito atipico dentro dos coccidios do mundo, como pode
ser observado nas comparagdes morfologicas mostradas nas Figs. 3, 4 e 5. Nesse sentido, essa espécie
¢ diferente de E. columbinae n. sp., principalmente devido a sua forma tunica (figuras 3, 4 e 5; tabela
1).

Eimeria kapotei Chatterjee & Ray, 1969 (Fig. 3G), foi outro exemplo de uma espécie
minimamente descrita, o que prejudicou significativamente a possibilidade de sua identificacao
posterior, especialmente nos dias atuais. Além disso, Duszynski et al. (2000) consideraram essa
espécie um provavel sindnimo de E. labbeana; no entanto, o tamanho dos oocistos de E. kapotei é
nitidamente maior e foi descrito com uma micropila discernivel. Portanto, no presente trabalho, essa
espécie foi desenhada com base na descri¢do original, com a esperanca de que possa ser identificada
novamente, validada e possivelmente descrita. Em comparagao com E. columbinae n. sp. E. kapotei
possui oocistos maiores, além de possuir uma micrépila discernivel e granulos polares (Figs. 3, 4 e
5; Tabela 1).

Eimeria turturi Golemansky, 1976 (Fig. 4A) era uma espécie de Eimeria descrita de pombas
selvagens da Bulgaria, especificamente a pomba-europeia Streptopelia turtur (Linnaeus, 1758), que
¢ uma espécie classificada como “vulnerdvel” pela Unido Internacional para Conservagdo da
Natureza e Recursos Naturais - [IUCN. (IUCN, 2019). Essas informagdes tornam sua variavel em

Eimeriidae importante para a conservacdo da vida selvagem; no entanto, essa coccidio ndo foi
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relatado desde a descricdo original de Golemansky (1976). Eimeria columbinae n. sp. possui oocistos
menores que E. turturi, além de possuir micropila e residuo de oocisto, o que ndo é observado em E.
turturi (figs. 3, 4 e 5; tabela 1).

Eimeria waiganiensis Varghese (Fig. 4B) também foi descrita a partir de pombos selvagens,
desta vez na Papua Nova Guiné¢ (Varghese, 1978b). Seus hospedeiros eram a pomba esmeralda
Chalcophaps indica (Linnaeus, 1758) e o pombo-faisao Otidiphaps nobilis Gould 1870.

Eimeria duculai Varghese, 1980 (Fig. 4C), e Eimeria gourai Varghese, 1980 (Fig. 4D), foram
outros dois Eimeriidae descritos a partir de pombos em Papua Nova Guing, 2 anos apos a primeira
descricdo desse mesmo autor Varghese (1980). O pombo imperial torresiano Ducula spilorrhoa
(Gray, 1858) e o pombo-coroado Goura victoria (Fraser, 1844) foram seus hospedeiros-tipo,
respectivamente. Entre esses trés Eimeriidae relatados na Papua Nova Guiné, E. gourai deve ser
considerado o mais relevante, porque G. victoria é categorizada como "Quase ameagada" pela IUCN.
Suspeita-se que esse pombo selvagem esteja em taxa de declinio moderadamente rapida, dado seu
longo tempo de geracdo e as taxas de perda e degradagdo de seu habitat no litoral norte da Papua-
Nova Guiné (IUCN, 2019).

Parasitos de aves endémicas em ambientes isolados, como ambientes insulares, tendem a
permanecer isolados nesses ambientes junto com seus hospedeiros (BERTO & LOPES, 2013). E o
caso dessas trés espécies Eimeriidaec de pombos na Papua Nova Guiné. Seria altamente improvavel
que estes fossem transmitidos a pombos na América do Sul. De qualquer forma, E. columbinae n. sp.
¢ diferente de todas essas trés espécies porque seus oocistos sdo consideravelmente menores € nao
possuem granulos polares (Figs. 3, 4 e 5; Tabelal).

Eimeria palumbi McQuistion, 1991 (Fig. 4E), foi descrita a partir das pombas de Galapagos
Zenaida galapagoensis Gould, 1841, nas Ilhas Galapagos, que faz parte da Republica do Equador
(MCQUISTION, 1991). Foi a primeira descricdo de uma espécie Eimeriidaec de uma ave
Columbiforme da América do Sul. Essas espécies devem ser isoladas das Ilhas Galapagos, semelhante
a amostra anterior; mas, em qualquer caso, os oocistos de E. columbinaen.sp. sdo muito menores que
os de E. palumbi (Figs. 3, 4, e 5; Tabelal).

Columbina talpacoti foi registrada como o primeiro hospedeiro de uma nova espécie de
Eimeria somente na década de 2000. Adriano et al. (2000), Eimeria curvata Adriano et al. 2000 (Fig.
4F), foi descrita a partir de C. falpacoti, bem como da rolinha-pedrés Columbina squammata (Lesson,
1831) no municipio de Junqueirdpolis, no oeste do estado de Sdo Paulo, Brasil. Recentemente, essa
espécie foi relatada a partir desta mesma espécie hospedeira, C. talpacoti, no municipio de
Guapimirim, na regido montanhosa do Estado do Rio de Janeiro, demonstrando assim a ampla
distribuicao desse Eimeriidae, pelo menos no sudeste do Brasil (OLIVEIRA et al., 2017). Apesar de

ser o mesmo hospedeiro do trabalho atual, as diferengas morfolégicas de E. curvata com E.
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columbinae n. sp. sdo evidentes. Eimeria curvata possui um corpo Stieda protuberante e auséncia de
um corpo sub-Stieda, enquanto E. columbinae n. sp. tem um corpo Stieda presente delicado e
achatado e sub-Stieda. Além disso, o residuo de esporocisto em E. curvata é compacto, enquanto em
E. columbinae n. sp., ¢ difusa (Figs. 3, 4 ¢ 5; Tabela 1).

Eimeria zenaidae Adriano et al., 2003 (Fig. 4G), foi a segunda espécie descrita por Adriano et
al. (2003), também em Junqueirdpolis, Sdo Paulo, Brasil. Esta espécie parasitou a Avoante Zenaida
auriculata (Des Murs, 1847). Esta espécie ¢ diferenciada por possuir uma parede aspera de oocistos,
um corpo Stieda largo e projetado e nenhum corpo sub-Stieda, enquanto E. columbinae n. sp. possui
um corpo Stieda delicado e achatado e um corpo sub-Stieda (Figs.3,4 e 5; Tabelal).

Eimeria janovyi Bandyopadhyay et al., 2006 (Fig. 5A), € outra espécie descrita de pombos
comuns C. /ivia na India, desta vez na area de Kalyani, Bengala Ocidental (BANDYOPADHYAY et
al., 2006). Essa espécie nao possuia descrigdo detalhada, além de nao possuir equivaléncias entre o
desenho e a fotomicrografia. Portanto, no presente trabalho, essa espécie foi redesenhada com base
na fotomicrografia apresentada, desconsiderando o desenho antigo. As caracteristicas apresentadas
diferiram de E. labbeana, E. columbarum e E. columbae, que sao as trés espécies tradicionalmente
registradas na India. A auséncia de uma micropila, a auséncia de residuo de oocisto, a presenca de
um granulo polar e a auséncia de um corpo sub-Stieda sdo caracteristicas contrarias as encontradas
em E. columbinae n. sp. (Figuras 3, 4 ¢ 5; tabela 1).

Eimeria livialis Alyousifet al. 2009 (Fig. 5B), € outra espécie descrita do pombo comum C. livia;
desta vez na Arabia Saudita (ALYOUSIF et al., 2009). Essa espécie possui algumas caracteristicas
que a distinguem das demais espécies e Eimeria descritas a partir de C. livia, como 0s 00cistos
elipsoidais alongados e o residuo do oocisto composto por quatro a sete globulos compactados. Esse
residuo globular € a principal caracteristica que diferencia E. livialis de outras Eimeria spp. de C.
livia; no entanto, esse recurso caracteristico ndo ¢ claramente observado nas fotomicrografias
originais, apesar de ter sido descrito e desenhado (ALYOUSIF et al.,, 2009). A forma elipsoidal
alongada, oocistos maiores e a auséncia de um corpo sub-Stieda distinguem E. livialis de E.
columbinae n. sp. (Figuras 3,4 e 5; Tabela 1).

Eimeria columbapalumbi JamrisSka & Modry, 2012 (Fig. 5C), foi descrita a partir de pombos-
comuns Columba palumbus Linnaeus, 1758, de ambientes urbanos nas Reptblicas Tcheca e Eslovaca
(JAMRISKA & MODRY 2012). O tamanho, a forma e os granulos polares sdo as principais
caracteristicas que distinguem essa espécie dos outros parasitos Eimeriidae de seu hospedeiro
congenérico C. livia (figuras 3, 4 e 5; tabela 1).

Eimeria mauritiensis Ball et al. 2012 (Fig. 5D), foi descrita a partir do vulneravel pombo-de-rosa
Nesoenas mayeri (Prévost, 1843) em outro ambiente insular: a ilha Mauricia, que fica a cerca de 870

km a leste de Madagascar no Oceano Indico (BALL et al,, 2012; TUCN, 2019).
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Eimeria columbinae n. sp. ¢ semelhante a E. columbapalumbi e E. mauritiensis em alguns aspectos
morfologicos, mas pode ser facilmente distinguido de outros. Essas espécies ndo possuem residuo
de oocisto, sendo uma das principais caracteristicas de E. columbinae n. sp. Além disso, os
esporocistos de E. mauritiensis ndo sdo assimétricos como em E. columbinae n. sp. Eimeria
columbapalumbi também possui esporocistos simétricos; no entanto, possui oocistos elipsoidais e
ndo possui corpo sub-Stieda, em comparagdo com oocistos subesferdides e corpo sub-Stieda de E.
columbinae n. sp. (Figuras 3, 4 ¢ 5; tabela 1).

Eimeria lyoni Yabsley et al. 2015 (Fig. S5E), foi descrita a partir de Rola-carpideira Zenaida
macroura (Linnaeus, 1758) em Kentucky, EUA (YABSLEYETAL, 2015). Essa foi a primeira
descricao de uma espécies de Eimeria em Columbiformes na América do Norte. Zenaida macroura
¢ amplamente distribuida nas Américas do Norte e Central, sendo cercada pela Cordilheira dos Andes
no Panama. Do hemisfério oposto, a rolinha-roxa C.ftalpacoti ¢ amplamente distribuida nas Américas
do Sul e Central, chegando ao norte do México na América do Norte, onde ¢ compativel com Z.
macroura (IUCN, 2019).

Finalmente, uma espécies de Eimeria identificada como E. labbeana-like (Fig. 5F) foi
recentemente descrita a partir de pombos comuns C. livia na Australia (YANG et al., 2016). A
distribui¢ao mundial de C. livia, nativa ou introduzida, permitiria a identificacdo de E. labbeana na
Australia. No entanto, Yang et al. (2016) nao foram capazes de identificar com precisdo essa Eimeria

como a de E. labbeana, principalmente porque ha descri¢des para E. labbeana com diferengas
morfoldgicas e morfométricas significativas (PINTO, 1928; NIESCHULZ, 1935) (Figs. 3, 4 ¢ 5;
Tabela 1). Além disso, a descricdo da presencga de granulos polares e residuo de oocisto nao ¢ débvia
nas fotomicrografias. Pode ser que a descrigdo pertenga aos esporocistos € ndo ao oocisto, ou se refira
a alguns detritos aderidos externamente a parede do oocisto.

Assim, no presente trabalho, esse coccidio semelhante a E. labbeana ¢ citado como Eimeria
sp. de Yang et al. (2016), porque ndo ¢ exatamente como E. labbeana, pelo menos ndo
morfologicamente nem ecologicamente, uma vez que foi descrito em hospedeiros da Austrélia que ¢
bastante distante da localidade-tipo de E.labbeana. Nesse sentido, essa Eimeria sp. de Yang et al.
(2016) foi redesenhada (Fig.5F) com base nas fotomicrografias apresentadas, uma vez que Eimeria
sp. pode ser identificada novamente, potencialmente descrita, validando como uma nova espécie ou
como uma das espécies de Eimeria preexistentes de C. livia. De fato, todos as Eimeria spp. descritas
a partir de C. livia da India precisariam ser reavaliadas a partir de novas amostras da mesma espécie
hospedeira e localidade, através de estudos morfologicos e moleculares detalhados, validando e
caracterizando essas espécies. Em conclusdo, Eimeria columbinae n. sp. pode ser distinguido desta
Eimeria sp. de Yang et al. (2016) porque ndo possui micropila, contém granulos polares e ndo possui

corpo sub-Stieda (figs. 3, 4 e 5; tabela 1).
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Embora o trabalho de Yang et al. (2016) tenha sido inconclusivo na identificagdo especifica de
Eimeria sp., foi pioneira em estudos moleculares de Eimeriidae de Columbiformes. Essa espécies de
Eimeria recuperada de C. /ivia na Austrélia foi sequenciada pelos genes 18S, 28S e COI, sendo a

unica Eimeria sp. de Columbiformes submetidos a identificacdo molecular.

Andlise filogenética

Os primers para amplificagdo de produtos PCR mais longos foram planejados inicialmente; no
entanto, apenas as versdes curtas foram amplificadas, 18S e COI. A falha na amplificacdo de
seqiiéncias mais longas pode estar relacionada a problemas com a extracdo de DNA de um oocisto
individual, o que ja foi observado por Dolnik et al. (2009). Nesta metodologia, o DNA ¢ extraido de
oito células (oito esporozoitos / um oocisto), o que garante a identidade molecular da espécie /
morfotipo, mas resulta em uma quantidade menor de DNA extraido, principalmente para o DNA
nuclear, que est4 presente em quantidades ainda menores que o DNA mitocondrial. Amostras de DNA
extraidas sdo sujeitas a variacdes de temperatura durante a manipulagdo de laboratorio, que eram
inevitaveis e podem ter causado rupturas de fita de DNA (MARTINEZ et al., 2018). Assim, essas
quebras no DNA combinadas com a baixa concentragdo de DNA podem ter impedido a amplificagao
de fragmentos mais longos.

A analise filogenética baseada no gene COI (Fig. 6) revelou que a espécies E. columbinae esta
mais proxima de uma Isospora sp. de escrevedeira-das-neves Plectrophenax nivalis da Republica
Tcheca (TREFANCOVA et al,, 2019). Neste trabalho de Trefancova et al. (2019), que incluiu a
sequéncia MH698551 de P. nivalis no banco de dados GenBank, varias amostras de Isospora ssp. de
roedores, e outras espécies, foram derivadas e analisadas para identificar o pseudoparatismo de
Isospora spp. em roedores. Nesse pseudoparasitismo, os oocistos de Isospora passam apenas pelo
trato digestivo dos roedores que ingeriram fezes de Passeriformes, o que pode ser confuso para o
pesquisador que identifica esses oocistos nas fezes do roedor e sente que € o verdadeiro hospedeiro.
Eimeria columbinae n. sp. foi comparada também a uma série de Isospora spp. que foram
considerados pseudoparasitos de ratazanas do banco Myodes glareolus (Schreber, 1780) no trabalho
de Trefancova et al. (2019).

Os resultados filogenéticos baseados em COI foram inesperados, ja que E. columbinae n. sp.
estava mais perto de Isospora spp. do que para Eimeria spp., além desses isolados mais proximos,
foram obtidos da Republica Tcheca, com excecdo de /. sporophilae, parasita de aves granivoras no
sudeste do Brasil (RODRIGUES et al., 2019). No entanto, os géneros Isospora e Eimeria sdo
filogeneticamente proximos na familia Eimeriidae, principalmente quando sdo parasitas de aves

(YANG et al, 2016).
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Inicialmente, foi aceita a hipotese ecologica de que os parasitas coevoluiram com seus
hospedeiros (ODUM, 1983); portanto, para E.columbinae n. sp. era esperado que estivesse mais
proximo da Eimeria sp. de Yang et al. (2016), uma vez que essas duas espécies sdo parasitas
congenéricos de Columbiformes. Outra possibilidade seria uma origem filogenética associada as suas
localidades geograficas; no entanto, como mencionado anteriormente, E. columbinae n. sp. estava
mais proximo dos isolados Eimeriidae da Europa do que dos isolados do sudeste do Brasil. Da mesma
forma, Eimeria sp. de Yang et al. (2016) ficou em um clado longe de E.columbinaen.sp. e perto de
espécies parasitarias de perus e papagaios. Assim, apenas essas duas Eimeria spp. sequenciadas pelo
COI de aves Columbiformes impede uma melhor compreensdo da filogenia de Eimeriidae de
Columbiformes.

Por outro lado, a andlise filogenética baseada no gene 18S apresentou resultados consistentes
com o pressuposto de coevolucdo de parasitos e hospedeiros (Fig.6). Observam-se grupos
monofiléticos que reiinem espécies de coccidios relacionados a determinadas ordens e classes de
hospedeiros. De fato, o gene 18S ¢ amplamente reconhecido como adequado para resolver relagdes
profundas filogenéticas dentro de Apicomplexa (OGEDENGBEETAL, 2015; XAVIER et al., 2018).
No entanto, a similaridade observada de 100% entre E. columbinae n. sp. e Eimeria sp. de Yang et
al. (2016) enfatiza que o gene 18S ¢ excessivamente conservado, pelo menos na parte amplificada no
presente trabalho. Assim, esse fragmento 18S amplificado ¢ potencialmente adequado para estudos
filogenéticos de tdxons mais altos, mas inadequado para diferencia¢do e identificagdo em nivel de
espécie. Em outras palavras, as diferengas morfologicas dos oocistos e as diferengas ecologicas
associadas aos diferentes hospedeiros e as localidades distantes de E. columbinae n. sp. € Eimeria sp.
de Yang et al. (2016) sdo incompativeis com a similaridade genética de 100%. Além disso, uma
diferenca de apenas duas substituicoes de nucleotideos foi observada na comparagao de E.
columbinae n. sp. e Eimeria spp. de perus e papagaios, que sdo espécies filogeneticamente muito

distantes.
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Figura 3. Desenhos de oocistos esporulados de espécies de Eimeriidae registrados em Columbiformes.
Isospora gallicolumbae (A). Isospora sp. De Matsubara et al. (2017) (B). Eimeria labbeana (C).
Eimeria columbarum (D). Eimeria columbae (E). Eimeria sphenocercae (F). Eimeria kapotei (G). Tudo
na mesma escala. Barra de escala 10 um.

Figura 4. Desenhos de oocistos esporulados de espécies de Eimeriidae registrados em Columbiformes.
Eimeria turturi (A). Eimeria waiganiensis (B). Eimeria duculai (C). Eimeria gourai (D). Eimeria palumbi
(E). Eimeria curvata (F). Eimeria zenaidae (G). Tudo na mesma escala. Barrade escala 10 um
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Figura 5. Desenhos de oocistos esporulados de espécies de Eimeriidae registrados em Columbiformes.
Eimeria janovyi (A). Eimeria livialis (B). Eimeria columbapalumbi (C). Eimeria mauritiensis (D).
Eimeria lyoni (E). Eimeria sp. (F) Eimeria columbinae (G). Tudo na mesma escala. Barra de escala
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Tabela 1. Morfologia comparada de espécies de Eimeriidae registradas em Columbiformes do mundo.

Oocistos Esporocistos
Coccidio Hospedeiros  Localidade Referéncia Comp.LarguraC/L ) L Granulo Comp.LarguraC/L  Corpode  Corpo ,
Forma Parede Residuo Micropia Forma Residuo
(um) (um) razdo polar (um) (pm) razdo Stieda Substieda
Alopecoenas
Isospora Papua Nova 1.1- presente, 1
beccarii . Varghese o 18-2115-17 Lisa, . . 10-13 7-9 presente, presente,
gallicolumbae Guinea, elipsoidal 1.2 ausénte  ausénte ovoide, ovoide ausénte
(Salvadori, ) (1978) (20.0) (16.0) ~0.8 (12.0) (8.0) conico compactado
Varghese, 1978 Oceania (1.2) ~2.5
1876)
I .of te,
sospora sp. o Columba livia Matsubara et al. 24-2723-26 1.0— 18-2110-12 1.6— preserte presente,
Matsubara et al. ) Japdo, Asia subsférico Lisa ausénte ausénte ausénte  ovoide semelhante a presente
Gmelin, 1789 (2017) (25.6)(24.7) 1.1 (19.5)(112) 2.0 espalhado
(2017) mamilo
subsférico a 1.0— 11-14 5-7 presente,
Eimeria Pinto (1928) . 17-21 16-18 Lisa ausénte presente presente  ovoide (1.4) - -
ovoide 1.1 (12.4)(6.4) compactado
labbeana P,
C. livia India, Asia 1.0—
(Labbe, 1896) Nieschulz subsféricoa 15-18 14-16
. L. 1.1 Lisa ausénte ausénte presente  elipsoidal - - - presente ausénte presente
Pinto, 1928 (1935) elipsoidal  (16.7) (15.3)
(1.09)
Eimeria 1.0-
. ., . Nieschulz Subsféricoa 19-21 17-20
columbarum  C. livia India, Asia . 1.1 Lisa ausénte ausénte presente  elipsoidal - - - presente ausénte presente
(1935) ovoide (20) (18.7)
Nieschulz, 1935 (1.07)
Eimeria
columbae Mitra Mitra and Das  Subsférico a
C. livia india, Asia (16.4) (14.4) — - presente ausénte - elipsoidal (7.2) 4.8) - - - presente
and Das Gupta, Gupta (1937)  ovoide
1937
N Lisa
Eimeria Treron present,
P Riniformea 17-2512-15 com . . Y. 17-19 1214
sphenocercae  sphenurus India, Asia Ray (1952) - ausénte  assimétrico com — amplamente ovoide - - - presente
. elipsoidal ~ (19.2) (12.6) dente (17.5) (12.5)
Ray, 1952 (Vigors, 1832) capuz polae
lateral
Eimeria kapotei
. ., ., . Chatterjee and 24-3022-26 presente, presente, presente,
Chatterjee and  C. livia India, Asia Subsférico - - - . ovoide 8-10 — - presente -
Ray (1969) (26.1) (23.5) anterior 1-2 espalhado

Ray, 1969
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Eimeria turturi
Golemansky,
1976

Eimeria
waiganiensis

Varghese, 1978

Eimeria duculai

Varghese, 1980

Eimeria gourai

Varghese, 1980

Streptopelia
turtur
(Linnaeus,
1758)
Chalcophaps
indica
(Linnaeus,
1758);
Otidiphaps
nobilis (Gould,
1870)

Ducula
spilorrhoa

(Gray, 1858)

Goura victoria

(Fraser, 1844)

Eimeria palumbiZenaida

McQuistion,
1991

Eimeria curvata
Adriano,
Thyssen and
Cordeiro, 2000

Eimeria
zenaidae

Adriano,

galapagoensis

Gould, 1841

Columbina
talpacoti
(Temminck,
1809);
Columbina
squammata
(Lesson, 1831)

Zenaida

Bulgaria, Golemansky
Europa (1976)
Papua Nova
Guinea, Varghese
) (1978)
Oceania
Papua Nova
Guinea, Varghese
. (1980)
Oceania
Papua Nova
. Varghese
Guinea,
(1980)
Oceania
Equador,
Ilhas
Galaod McQuistion
alapagos , (1991)
América do
Sul
Brasil,
L. Adriano et al.
América do
(2000)
Sul,
Brasil,

Adriano et al.

auriculata (Des América do

Murs, 1847)

(2003)
Sul

elipsoidal ou
23-29 18-25
amplamente

. (26) (21.6)
ovodide

Amplamente22-25 19-23

ovéide (24) (22)

amplamente 26-31 23-27

ovodide 28) (29

19-22 18-21
subsférico

(20) (20)
ovodide a 22-2719-24
elipsoidal  (24.2) (21.7)
ovodide a 17-19 15-17
elipsoidal  (18.3) (15.5)

22-2619-22
subsférico

(23.8) (20.3)

1.2
(1.1)

(1.1

(1.0)

1.0-

(1.16)

1.1-

(1.2)

(1.2)

Lisa,

~1.5

Lisa,

~1.5

Lisa,
1.5—-
2.5

(2.0)

Lisa,
~1.0

Lisa,
~2.0

Lisa,

Rude,
~1.7

ausénte  ausénte

ausénte  presente, 4-6 (5)

ausénte  imperceptivel

ausénte  Ausénte,

presente,

granulos .
Ausénte,

redondos

a lascados

ausénte  Ausénte,

ausénte  Ausénte,

ausénte

presente,

ovoide
2-4
presente, alongado
1,~2.0
presente,

alongado
1,~2.0
ausénte  elipsoidal
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Isospora superbusi strain MTZ2 (KT203396) - Lamprotornis superbus (Passeriformes: Sturmidae)
Isospora sp. (JQ993711) - Apodemus flavicollis (Rodentia: Muridae)
5.6 Isospora tristis (KY344443) - Acridotheres tristis (Passeriformes: Sturnidae )
Isospora butcherae (KYB01687) - Zosterops lateralis (Passeriformes: Zosteropidae)
2989 |/sospora sp. isolate 27MA_RO (MHB98552) - Microtus arvalis (Rodentia: Cricetidae)
Isospora sp. MAH-2013a strain MTZ1 (KF648868) - Lamprotornis superbus (Passeriformes: Stumnidae)
Isospora greineri (KR108298) - Lamprotomnis superbus (Passeriformes: Stumidaa)
= Eimeria vejdovskyi (KP025692) - Orycfolagus cuniculus (Lagomorpha: Leporidae)
95,97|Eimenia intestinalis (KP009592) - Oryclolagus cuniculus (Lagomorpha: Leporidae)
Eimeria magna (JQ993695) - Oryclolagus cuniculus (Lagomorpha: Leporidae)
- Eimeria intestinalis (JQ993693) - Oryclolagus cuniculus (Lagomorpha: Leporidae)
e ISOSpOFA SP. ISOlate BOMG TYM (MHE98556) - Myodes glareolus 'pseudoparasite’ (Rodentia: Cricelidae)
Isospora sp. isolate 5TMG TYM (MH698555) - Myodes glareolus ‘pseudoparasite’ (Rodentia: Cricetidae)
8 gEI—lsaapum sp. isolate IPlenZAM (MHB98551) - Plecirophenax nivalis (Passeriformes: Calcariidas)
Eimeria columbinae n. sp. (MN088854) - Columbina talpacoti (Columbiformes: Columbidae)
.L!wspom sporaphilae (MH464545) - Sporophila frontalis (Passeriformes: Thraupidae)

Isospora sp. isolate BOMG TYM (MHE98557) - Myodes glareolus ‘pseudoparasite’ (Rodentia: Cricetidae)
Isospora manorinae (KT224377) - Manorina flavigula (Passeriformes: Meliphagidae)

Isospora sp. JCI-2015 isolate ISC15 (KP688319) - Sylvia conspicillata (Passeres: Sylviidae)

Isospora sp. JCI-2015 isolate ISC11 (KPGBB3186) - Sylvia conspiciliata (Passeres: Sylviidae)

Isospora sp. JCI-2015 isolate ISC12 (KP688317) - Sylvia conspicillata (Passeres: Sylviidae)

Eimeria sp. RY-2016a (KT305929) - Columba livia (Columbiformes: Columbidae)

Eimeria innocua (HGT93049) - Meleagris gallopavo (Galliformes: Phasianidae)

Eimerta purpureicephali (KU140598) - Purpureicephalus spurius (Psittaciformes: Psittacidae)

Eimeria dispersa (HGT93048) - Meleagris gallopavo (Galliformes: Phasianidae)

k |sospora serinuse (KR4TTB79) - Serinus canaria (Passeriformes: Fringillidaa)

Toxoplasma gondii (KME657810)

ey
008

Figura 6. Arvore com probabilidade méaxima estimada a partir das seqiiéncias do gene COI de espécies
Eimeriides. Os numeros representam o suporte de autoinicializagdo 1000 réplicas (> 50%)
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Eimeria prascox (FJ23I8371) - Gallus gallus {Gallformes: Phasianidas)
Eimevia brunetti (UBT116) - Gallus gallus (Gadliformes. Phasianidaa)
Eimeria acervuling (KT184333) - Gaillus gailus (Galiiformes: Phasianidas )
Eimeria praecox (KT184352) - Gallus gallus (Galliformes: Phasianidae)

Eimeria brunetti (KT184337) - Gallus gailus (Galliformes: Phasianidae)

Eimeria tenefla (KT184354) - Gallus gaflus |Gallformes: Phasianidas)

Eimeria necatrix (KT 184349) - Gallus gallus {Galiformes: Phasianidae)

Eimeria maxima (FJ236330) - Gailus gallus (Galliformes: Phasianidae)
b Eimeria 5p. DAM-200% (FN298443) - Dendrocopos leucolos (Piciformes: Picidae )
Eimeria sp. isolate E1 Kirov (MGB25684) - Lyrurus letrix (Galiformes: Phasianidae)
] Eirneria dispersa (KT184338) - Melsagris gallopavo (Galliformes: Phasianidae)

Eimeria purpuredcephall (KU140597) - Purpureicephalus spurius (Psittaciformes: Psittacsdas)
Eimenia innocua (HGTI3045) - Meleagns gallopave (Galiformes: Phasianidae)

Eimeria sp. RY-2016a (KT305927) - Columba livia {Columbiformes: Columbidae)
22 Eimeria columbinae n. sp. (MNOB2528) - Columbina talpacoti (Columbiformes: Columbidae)
Isaspora sp. Tokyo (ABTS5TBE4) - Columba lvia (Columbiformes. Columbidae)
] Cyclospora cayetanensis (KXB18100) - Homo sapmwns (Prmates. Homindes )
—Eyduwlmw:ﬁﬁﬁlﬁl- Chiorocebus aethiops (Primates. Cercopithecidas |
Cyrinspora macacae (KX019756) - Macaca mulaita (Primates: Cercopithecidae)

e Eirninria scitrorum (KTIG0994) - Sciurus vulgans (Rodentia: Scuridae )

Eimeria rioarnbaensis (LC3T1915) - Eplescus missond (Chiroplera: Vespertikonidae )
E‘Elfmmmﬂm?ﬂﬁj-ﬂmmlw. Bovdae)

Eimana bukidnonens:s (ABTE2601) - Bos tauwrus (Artiodactyla: Bowidae)
Eimaria sp. isolate CJ114MG LIT CZ (MHB985T1) - Myodes glareclus (Rodentia: Cricetidas )
Eirmaria apionodes (KIL1192947) - Apodemus spp. (Rodentia: Muridae)
Eimeria kaurensis (KU192932) - Apodemus spp. (Rodentia: Mundae)
Toxoplasma gondi (L24381)

cotd

Figura 7. Arvore de maxima verossimilhanga estimada a partir das seqiiéncias do gene 18S de espécies
Eimeriides. Os numeros representam o suporte de autoinicializagdo 1000 réplicas (> 50%) para jungédo de

vizinhos (NJ) e probabilidade maxima (ML), respectivamente. Barra de escala representa o niimero de
substitui¢des de nucleotideos por local.
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CONCLUSOES

A revisdo taxondmica detalhada feita no trabalho atual de todas as Eimeria spp. descritas em
Columbiformes do mundo, e suas comparagdes com E. columbinaen.sp. claramente apoiam sua
designacdo como espécie unica. Portanto, E. columbinae n. sp. € considerada nova para a ciéncia,
sendo a 19? descricdo em um Columbiforme. Além disso, esse € a segunda espécie de Eimeria de

Columbiformes submetidos a identificagdo molecular dos genes COI e 18S.
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CAPITULO III

Nova espécie de Eimeria de juritis
Eimeria ferreirai n. sp. (Chromista: Miozoa: Eimeriidae) from doves Leptotila spp.

(Columbiformes: Columbidae) from Brazil
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Resumo

As pombas constituem um grupo taxonomico (Columbiformes: Columbidae) de aves granivoras e
frugivoras com distribui¢do mundial. O presente trabalho tem o objetivo descrever morfologicamente
e molecularmente um novo protozoario de Juriti-pupu, Leptotila verreauxi Bonaparte, 1855, e
Juriti-gemedeira, Leptotila rufaxilla (Richard & Bernard, 1792) no sudeste do Brasil. Eimeria
ferreirai n. sp. possui oocistos subesféricos a elipsdides, 21,4 x 18,8 um, com parede lisa e
bicamada, com aproximadamente 1,6 um de espessura. Presenga de micrépila, residuo de oocisto
ausente, mas um a dois granulos polares estdo presentes. Os esporocistos sdo alongados de forma
ovalada a bumerangue, 13,4 x 6,9 um. corpo Stieda triangular a losango. O res(duo de esporocisto ¢
composto por granulos de diferentes tamanhos. Os esporozoitos sdo vermiformes com corpo refratil
e nucleo. O sequenciamento do gene da subunidade 1 do citocromo ¢ oxidase 1 mitocondrial (COI)
e as comparagdes moleculares filogenéticas subsequentes apoiaram a descri¢ao da nova espécie, uma
vez que a semelhanga maxima foi de 90 a 95% com as espécies Eimeriidae de Columbiformes,
Anseriformes, Galliformes e Passeriformes. Assim, esta ¢ a primeira espécie de coccidio relatada em

Leptotila spp. e a vigésima descricdo de um Eimeria. sp em Columbiformes no mundo.

Palavras-chave: Taxonomia, morfologia, coccidios, Eimeria, oocistos, Columbiformes, Columbidae,

Parque Nacional do Itatiaia, Parque Nacional Serra dos Orgéos, Rio de Janeiro, Brasil.
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Abstract

The doves and pigeons constitute a taxonomic group (Columbiformes: Columbidae) of granivorous
and frugivorous birds with a worldwide distribution. The current work aimed describes
morphologically and molecularly a new protozoan from white-tipped doves Leptotila verreauxi
Bonaparte, 1855 and grey-fronted doves Leptotila rufaxilla (Richard & Bernard, 1792) in
Southeastern Brazil. Eimeria ferreirai n. sp. has oocysts that are sub-spherical to ellipsoidal, 21.4 x
18.8 um, with smooth, bilayered wall, ~1.6 pm thick. Micropyle present. Oocyst residuum absent,
but one to two polar granules are present. Sporocysts are elongate ovoidal to boomerang-shaped, 13.4
% 6.9 um. Stieda body triangular to lozengal. Sporocyst residuum is composed of granules of different
sizes. Sporozoites are vermiform with refractile body and nucleous. Sequencing of the mitochondrial
cytochrome c oxidase subunit 1 (COI) gene and the subsequent phylogenetic molecular comparisons
supported the description of the new species, since the maximum similarity was 90-95% with
eiimeriid species of Columbiformes, Anseriformes, Galliformes and Passeriformes. Thus, this is the
first coccidian species reported from Leptotila spp. and the twentieth description of an eimerian from

Columbiformes in the World.

Key words: Taxonomy, morphology, coccidia, Eimeria, oocysts, Columbiformes, Columbidae,

Itatiaia National Park, Serra dos Orgﬁos National Park, Rio de Janeiro, Brazil.
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INTRODUCAO

A familia Columbidae (Columbiformes) reune 367 espécies de pombas, com distribuigdo
mundial. Estima-se que nas regides neotropicais existam cerca de 68 espécies, das quais 23 foram
registradas no Brasil (BENNETT & PEIRCE 1990; IUCN 2019).

As pombas Juriti-pupu Leptotila verreauxi Bonaparte, 1855 e as pombas Juriti-gemedeira
Leptotila rufaxilla (RICHARD & BERNARD, 1792) sdao encontradas em dareas arborizadas,
frequentando o solo para alimentar; vivem sozinho ou em pares (SICK 1997). Esse comportamento
e habitos alimentares como granivoros e frugivoros favorecem a transmissao fecal-oral de parasitas
intestinais, como protozoarios do tipo coccidios (DOLNIK et al., 2010; BERTO & LOPES 2013).

Estudos parasitologicos em Columbidae registraram 19 espécies de Eimeria e duas espécies de
Isospora usando a taxonomia morfolégica tradicional, embora recentemente alguns desses
coccididios tenham sido identificados molecularmente por sequéncias de genes especificos, como o
gene da subunidade 1 do citocromo mitocondrial ¢ oxidase 1 (COI) e o gene do RNA ribossémico da
subunidade 18S pequena (18S) (ORTUZAR-FERREIRA et al., 2019).

Neste contexto, o presente estudo descreve uma nova espécie de Eimeria de Juriti-pupu L.
verreauxi e Juriti-gemedeira L. rufaxilla por métodos morfologicos e moleculares. Esses espécimes
de aves foram capturados no Parque Nacional do Itatiaia, no Parque Nacional Serra dos Orgdos e em

uma area em reflorestamento no Municipio de Pinheiral, sudeste do Brasil.

MATERIAL E METODOS

No total, foram realizadas quatro expedigdes em trés localidades diferentes no sudeste do Brasil:
(1) Parque Nacional do Itatiaia (22° 27'40 "S, 44 © 35'31" W), uma area protegida localizada na Serra
da Mantiqueira, na fronteira dos estados do Rio de Janeiro, Minas Gerais e Sdo Paulo (ICMBIO
2018a); (2) uma area fragmentada da Mata Atlantica no municipio de Guapimirim (22° 31'10 "S, 43°
00'36" W), localizada na area de borda do Parque Nacional Serra dos Orgdos, outra 4rea protegida
localizada na serra costeira (Serra do Mar) do Estado do Rio de Janeiro (ICMBIO 2018b); e (3) uma
area de Mata Atlantica em reflorestamento no campus do Instituto Federal de Educacdo, Ciéncia e
Tecnologia do Rio de Janeiro, no municipio de Pinheiral, Estado do Rio de Janeiro (22° 31'37"S, 43°
59'45 " W). Um total de nove exemplares de L. verreauxi (um do Parque Nacional Itatiaia, seis do
Parque Nacional Serra dos Orgaos e dois do Pinheiral) e um exemplar de L. rufaxilla (de Pinheiral)

foram capturados com redes de neblina.
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Figura 1: Representante das aves hospedeiras Juriti-pupu L. verreauxi (A) e Juriti-gemedeira L. rufaxilla (B).

RESULTADOS

Uma Juriti-pupu L. verreauxi do Parque Nacional Itatiaia, cinco das seis L. verreauxi do Parque
Nacional Serra dos Orgaos, uma das duas L. verreauxi de Pinheiral e a unica Juriti-gemedeira L.

rufaxilla de Pinheiral foram positivas para Eimeria sp. ndo registrada na literatura cientifica.

Eimeria ferreirai Oliveira e Berto n. sp.

Hospedeiro tipo: Juriti-pupu Leptotila verreauxi Bonaparte, 1855 (Aves: Columbiformes:
Columbidae). Outro hospedeiro: Juriti-gemedeira Leptotila rufaxilla (Richard & Bernard, 1792)
(Aves: Columbiformes: Columbidae).

Tipo localidade: Parque Nacional do Itatiaia (22° 27'40 "S, 44° 35'31" W), Sudeste do Brasil.
Outras localidades: Parque Nacional Serra dos Orgaos (22°31'10 "S, 43° 00'36" W) e Pinheiral (22°
31'37"S, 43° 59'45"W), também do sudeste Brasil.
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Material-tipo: fotosintipos, desenhos e oocistos recuperados de L. verreauxi em solugido de
K2Cr207 a 2,5% (WILLIAMS et al., 2010) sdo depositados no Museu de Zoologia da Universidade
Federal Rural do Rio de Janeiro, Brasil, sob o nimero de acesso MZURPTZ2019016. As
fotomicrografias também sao depositadas e disponibilizadas (http://r1.uftrj.br/labicoc/colecao.html)
na Colecdo de Parasitologia do Laboratério de Biologia de Coccidios, na UFRRJ, sob o numero de
repositorio P-99/2019. As fotografias da amostra do tipo hospedeiro (simbiotipo) sdo depositadas na
mesma colecdo. Sequéncia de DNA representativa: Uma sequéncia representativa de COI foi
depositada no banco de dados GenBank sob o nimero de acesso MN326301.

Registro do ZooBank: Para cumprir os regulamentos estabelecidos no artigo 8.5 da versdo
alterada de 2012 do Codigo Internacional de Nomenclatura Zooldgica (ICZN, 2012), os detalhes das
novas espécies foram enviados ao ZooBank.

Esporulagdo exdgena: Oocistos recuperados nas fezes, sem esporulacio, e foram esporulados
completamente ao final de sete dias apds a coleta, em solugdo de K2Cr20O7 a temperatura ambiente
(20-25 °C).

Etimologia: O nome especifico ¢ derivado do sobrenome do ornitélogo brasileiro Dr. Ildemar
Ferreira, dado em sua homenagem por sua contribuicao ao estudo da ecologia e parasitologia de aves.

Descricao: Oocistos encontrados (n = 22) subesférico a elipsoidal, 19-25 x 16-21 (21,4 x 18,8);
razao comprimento / largura (L / W) 1,0-1,4 (1,15). Parede com duas camadas, delicada, espessura
de 1,3-1,9 (1,6), camada externa lisa, c.2 / 3 da espessura total. Presenca de micrdpila, mas quase
imperceptivel em alguns oocistos, com 3,0-4,0 (3,5) de largura. Um delicado capuz polar foi
observado em poucos oocistos. Residuo de oocisto ausente, mas 1 ou 2 granulos polares arredondados
estao presentes. Esporocisto alongado ovoidal a forma de bumerangue, 12-15 % 6-8 (13,4 x 6,9);
Razao L/ W 1,8-2,2 (1,95). Corpo de Stieda presente, triangular a losango, 1,0 alta x 1,5 de largura.
Corpos de Sub-Stieda e Para-Stieda ausentes. Residuo de esporocisto presente, constituido por
granulos de diferentes tamanhos. Esporozoitos vermiformes, com corpo refratario posterior e nicleo

central.
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Figura 2. Desenho do oocisto esporulado de Eimeria ferreirai n. sp., uma nova espécie de coccidio
recuperada de pombas Leptotila spp. Barra de escala: 10um.

Eimeria ferreirai ¢ diferente de outras espécies de coccidios em Columbidae em alguns
aspectos (Tabela 1). De fato, existem poucas caracteristicas, muitas vezes pouco detalhadas, que
diferenciam algumas Eimeria spp. de Columbiformes (ORTUZAR-FERREIRA ef al., 2019), como
Eimeria labbeana (Labbe, 1896) Pinto, 1928, Eimeria columbarum Nieschulz, 1935, Eimeria
columbae Mitra & Das Gupta, 1937, Eimeria curvata Adriano, Thyssen & Cordeiro, 2000, Eimeria
janovyi Bandyopadhyay, Bhakta & Shukla, 2006, Eimeria columbapalumbi Jamriska & Modry, 2012
e Eimeria sp. de Yang et al. (2016), que sdo muito semelhantes morfologicamente e
morfometricamente e tém compatibilidade ecologica. A presenga de micropila e capuz polar

diferencia E. ferreirai de todas as outras espécies de Eimeria, no entanto, a nao observacao dessa

caracteristica aproxima E. ferreirai de Eimeria sp. de Yang et al. (2016). Nesse sentido, foi realizado
o sequenciamento do gene COI para complementar a identificagdo de E. ferreirai e diferencia-lo da
espécie de Eimeria de Yang et al. (2016), que também foi identificado molecularmente pelo gene
COL.

A amplificacio do DNA dos oocistos de E. ferreirai recuperados de um exemplar de L.
verreauxi do Parque Nacional do Itatiaia mostrou uma faixa clara de ~ 250 pb. A analise filogenética
incluiu 20 sequéncias para espécies de Eimeriidae disponiveis no GenBank (Fig. 3). Toxoplasma
gondii (Nicolle & Manceaux, 1908) foi usado como grupo externo. Eimeria ferreirai teve a maxima
similaridade de apenas 94,9% com Eimeria purpureicephali Yang, Brice & Ryan (2016)
(KU140598), que ¢ um coccidio de papagaios de cabega vermelha Purpureicephalus spurius (Kuhl,
1820) (YANG et al,. 2016). Assim, E. ferreirai ficou isolado no cladograma, entre os clados com
Eimeria spp. de Psittaciformes e Galliformes, além de uma Eimeria sp. de camundongos Mus

musculus Linnaeus, 1758 (MH777502), que deve ser um pseudoparasito (TREFANCOVA et al.,
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2019). Semelhanga com outras Eimeria spp. de Columbiformes foi baixo, de 93,5% com Eimeria sp.
de Yang et al. (2016) (KT305929), de 90,9% com Eimeria columbinae Ortuzar-Ferreira e Berto, 2019
(MNO082528) (Ortizzar-Ferreira et al. 2019) e 93,5% com Eimeria sp. de pombos (MF496271)

depositados no GenBank, mas ainda nao publicados.

Figura 3. Fotomicrografias de oocistos esporulados de Eimeria ferreirai n. sp, uma nova espécie de coccidio
recuperada de Leptotila spp. Observe a camada interna (IL) e externa (OL) da parede do oocisto, micrépila (M),
capuz polar (MC), nucleo (N), granulo polar (PG), corpo refratil (RB), corpo de Stieda (SB) e o residuo de

esporocisto (SR). Barra de escala: 10p.

DISCUSSAO

Os Columbiformes retinem 23 espécies, no Brasil, distribuidas em todos os biomas brasileiros,
como Amazonia, Mata Atlantica, Cerrado, Caatinga ¢ Pampas (IUCN 2019). Sdo granivoros e
frugivoros, comendo principalmente sementes € pequenos frutos no solo (SICK, 1997). Essa ampla
distribui¢do e diversidade, além dos habitos alimentares que favorecem a transmissao e dispersao dos
coccidios, sdo incompativeis com as trés espécies de coccidios descritas até o momento (DOLNIK et
al., 2010; BERTO & LOPES, 2013). Nesse sentido, a continuidade e regularidade dos trabalhos
taxonomicos que pesquisam a diversidade de Eimeria spp. no Brasil poderia potencialmente revelar
novas espécies.

Algumas variagdes morfologicas foram observadas nos oocistos de E. ferreirai: a micropila era
quase imperceptivel em alguns oocistos, enquanto em outros oocistos era proeminente e facilmente
observado; O capuz polar foi observado como uma cobertura fina e delicada em apenas dois oocistos;

e os esporocistos foram observados em forma de bumerangue ou ovoide alongado, mesmo dentro do
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mesmo oocisto. Todas essas variagdes ndo seguiram um padrio nos oocistos € amostras para serem
identificados como espécies diferentes; portanto, essas variacdes sao consideradas intraespecificas.

Entre as espécies de Eimeria de Columbiformes que foram sequenciados pelo gene COI,
Eimeria sp. de Yang et al. (2016) ¢ o unico que compartilha caracteristicas morfologicas e
morfométricas proximas a E. ferreirai (Tabela 1); no entanto, esses coccidios eram genotipicamente
diferentes e filogeneticamente distantes (Fig. 4). Eimeria ferreirai estava mais proxima de Eimeria
spp. de Galiformes e Psittaciformes do que a Eimeria spp. de Columbiformes; portanto, esses
resultados reforgam as observagdes de Ortizar-Ferreira et al. (2019), que Eimeria spp. dos
Columbiformes ndo formam um grupo monofilético, pelo menos nao pelo gene COI.

Finalmente, a comparagdo de E. ferreirai com Eimeria spp. registrada em aves Columbiformes
do mundo (Tabela 1) apoia a designacdo como uma espécie Unica. Portanto, E. ferreirai ¢ considerado

nova na ciéncia, sendo a vigésima descricdo de Columbiformes.
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Tabela 1. Morfologia comparada de Eimeria spp.

recuperados de Columbiformes do mundo.

Oocistos Esporocistos
. comp Largur Compriment Largur C
Coccidio Hospedeiros Localidade  Referéncia pate C/L Granulo P &l C/L orpe Corpo
Forma . a paredeResiduo Micropila Forma 0 a Stieda . Residuo
razao polar razao Substieda
(hm) (um) (hm) (hm)
presente,
. férico 17— 1.0— . . —
Pinto (1928) subsférico 17 16-18 0 Lisa ausénte presente presente ovoide 11-14 (12.4)5 7 (1.4) - - compactad
Eimeria aovoide 21 1.1 (6.4)
0
labbeana , .
Labbe. 1896 C. livia India, Asia bt 15— 1.0—-
(Laibe, 1856) Nieschulz 01 18 14-16 1.1
Pinto, 1928 Lisa ausénte ausénte presente elipsoidal — - —  presente  ausénte  presente
(1935) L (16.7 (15.3) (1.09
elipsoidal
) )
Eimeria 1.0-
columbarum , . Nieschulz subsférico 17-20 1.1
. C. livia India, Asia 21 Lisa ausénte ausénte presente elipsoidal — - —  presente  ausénte  presente
Nieschulz, (1935) a ovoide 20) (18.7) (1.07
1935
Eimeria
lumb, . . Mit dD bsféri 16.4
cotumbac C. livia India, Asia itra and Das subsférico ( (14.4) - - presente ausénte - elipsoidal (7.2) “4.8) - - - presente
Mitra and Das Gupta (1937) aovoide )
Gupta, 1937
17 Lisa
- resente,
Eimeria Treron com P
. . riniforme a25 1215 . assimétrica 1 t 12-14
sphenocercae sphenurus  india, Asia  Ray (1952) — dente ausénte - AMpRAMENt 17 19(17.5) - - presente
. elipsoidal (19.2 (12.6) com capuz e ovoide (12.5)
Ray, 1952 (Vigors, 1832) na
) polar
lateral
Eimeria 24-3
kapotei . ¢ Chatterj d 22-26 t 1t t
apotet C. livia India, Asia atteljeeand substerico - - - presente,  PIEselie: voide 8-10 - —  presente = — presente,
Chatterjee and Ray (1969) (26.1 (23.5) anterior 1-2 espalhado
Ray, 1969 )
Eimeria turturi L. . - S
Streptopelia  Bulgaria, Golemansky elipsoidal 18-25 elipsoidal presente,
Golemansky, 29 - Lisa, ausénte ausénte ausénte 11-13 6-8 — ausénte -
turtur Europa (1976) ou (21.6) alongado espalhado
1976 (26) ~1.5
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(Linnaeus, amplament
1758) e ovoide
Chalcophaps
indica
Eimeria (Linnaeus, Papua Nova | — 1.1- presente,
Varghese amplament 19-23 Lisa resente, 4— presente, . . resen, resente,
waiganiensis  1758); Guiné, & P 25 1.2 ausénte ¥ P ovoide 9-11(10.0) —  proeminent P P
. (1978) e ovoide (22) ~1.5 6(5) 2-4 (7.0) pequeno  espalhado
Varghese, 19780tidiphaps ~ Oceania (24) ) e
nobilis (Gould,
1870)
presente,
Lisa, compactad
Eimeria Ducula Papua Nova Vargh | t26— 2397 s . " . 68 presente,
_ 5 . — , o,
duculai spilorrhoa Guiné, arghese amplamen 31 (1.1) ausente {perceptiv presente alongado 14-16 (15.5) - proeminent ausénte
. (1980) e ovoide (25) 2.5 el 1,~2.0 (7.2) ) delimitado
Varghese, 1980(Gray, 1858) Oceania (28) e, conico
(2.0) por
membrana
P N 19— .
Eimeria gourai Goura victoria apua Nova Varghese 18-21 Lisa, presente, 4-6 presente
Guiné, subsférico 22 (1.0) ausénte ausénte alongado 10-13 (12.0) - presente ausente
Varghese, 1980(Fraser, 1844) (1980) (20) ~1.0 1,~2.0 (5.5 espalhado
Oceania (20)
Equador, presente,
Eimeria 22— 1.0— A
Zenaida Ilhas granulos 1.8— presente,
palumbi galapagoensis Galapagos, McQuistion ovéidea 27 19-24 1.2 Lisa, redondos ausénte ausénte elipsoidal 15-17 ( 15.3)879 2.1 semelhante ausénte presente
isti ipsoi 242 (21.7) (1.16~2.0
McQuistion, Gould, 1841 Américado (1991) elipsoidal ( (21.7) ( . (8.1) (1.9) a mamilo espalhado
1991 ) )
sul lascados
Columbina
Eimeria talpacoti . present,
curvata Temminck, Brasil, X . § 1.1- . 2.0— protuberant t
( ! Adriano etal. ovéidea 19 15-17 Lisa, 5-6 P presente
Adriano, 1809); América do (2000) elipsoidal (183 (15.5) 1.3 13 ausénte ausénte presente alongado 11-13 (12.3) (5.8) 22 e, ausénte compactad
Thyssenand ~ Columbina  sul ) (1.2 (2.1) semelhante o
Cordeiro, 2000 squammata a mamilo
(Lesson, 1831)
Eimeria ] Brasil, 1.7—
. Zenaida ) Adriano et al. 22— 19-22 Rude, presente, 7-8 presente, presente,
zenaidae . América do subsfé (1.2) ausente ausénte alongado 12-14(13.1) ausénte
) auriculata (2003) 26 (20.3) ~1.7 1 (7.4) amplo espalhado
Adriano, sul (1.8)
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Thyssen and

(Des Murs,

Cordeiro, 2003 1847)

(23.8

Eimeria

presente, presente,
Jjanovyi

o Lo Bandyopadhya (243 Lisa, I, amplo, presente,
Bandyopadhya C. livia India, Asia elipsoidal (19.8) (1.2) ausénte ausénte . piriforme (12.1) (10.1) (1.2) . ausénte
y et al. (2006) ) ~1.1 subsféric proeminent espalhado

y, Bhakta and

0 e
Shukla, 2006
Eimeria livialis presente,

19— Lisa.l presente,

Al if. Al- Arabi Alyousifet al. elipsoidal 14-1 anul o —

YOUsth Al ¢ Jivia vibia - Al P 23 T (12)-13 Oranulos  ente  ausénte elipsoidal 9-12 (10.6) 00 (1.6) PPN oicange  Prosente
Shawa and Al- Saudita, Asia (2009) alongado @1 (15) (1.2) irregulare 6.7) semelhante espalhado
Asiri, 2009 ' S a mamilo

ovoide
Eimeria Columba Republuca 17— 1.0— Lisa, presente,

alongado, 1.7—

Tch isk 24 15-18 1.4 .6— . —

columbapalum palumbus checa e Jamriska and elipsoidal 5-18 0.6 ausénte absent ‘ ligeirament 11-16 (13. 5)6 7 22 presente  ausénte presente,
bi Jamriska and(Linnaeus, Eslovaquia, Modry (2012) (21.3(16.9) (1.261.5 irregular, 6.5) (1.9) espalhado
Modry, 2012 1758) Europa ) ) (0.9) ~2.0 o

assimétrico
Eimeria
mauritiensis  Nesoenas 18—

1.0—
Ball, Daszak, mayeri Madagascar, Ball et al. 22 16-19 Lisa, 6-7
. . subsférico 1.2 ausénte ausénte ausénte — 8-14(12.0) —  presente  presente  presente
Swinnerton,  (Prévost, Africa (2012) (19.7 (17.8) (L) ~0.8 (6.6)
Jones and 1843) ) .
Snow, 2012
Eimeria lyoni Zenaida 23— presente,
Yabsl FUA, Yabsleyetal. subsférico 26 2022 - L 78 presente. Thad
, g . tal. s — s R te, . - te, ,
absiey macroura América do absieyctal.  subsierico 1.3 58 ausente ausénte presente ovoide 12-14(12.4) 1.9 p.resen ¢ arredondad espathaco
Bailey and (Linnaeus,175 (2015) aovoide (24.2(20.7) ~1.0 1-2 (7.3) tipo botdo granulos of
Norte (1.2) (1.7) o

Adams, 2015  8) ) ~1.0

L 19—

Eimeria sp. of 2.0- presente,

o 22 . - .
Yang et al. C. livia Austrélia, Yang ctal. subsférico 16-19 (1.38 Lisa, presente ausénte presente ovéide 12-15 (13.0) 7 2.2 presente  ausente  compactad
Oceania (2016) (20.2 (16.1) ) ~1.0 alongado (6.1)

(2016) ) 2.1 0

Eimeria Brasil, Orthzar- Subsférico presente, presente,

columbinae  C.talpacoti  Américado Ferreiraetal. a 13- 12-14 1.0~ Lisa, granulos imperceptiv ausénte clipsoidala 8-10(9.0) 36 1.6 presente, arredondad presente,
16 (13.2) 1.2 1.0- el ligeirament (5.1) 2.0 achatado espalhado

Ortuzar- sul (2019) clipsoidal ligados 0
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Ferreira and

Berto, 2019

Eimeria
ferreirai
Oliveira and

Berto n. sp.

Leptotila

verreauxi

Bonaparte,

1855; Presente

Brasil,Améric
Leptotila ado sul trabalho
rufaxilla
(Richard &

Bernard, 1792)

Subsférico 19~

a

elipsoidal

(14.7 (1.111.2

) )

25 16-21 14

(1.1

1.0- Lisa,

1.3—

(21.4 (18.8) (1.151.9

)

(1.6)

e/ou

difusos

ausénte

e (1.77 em forma
assimétrico ) de meia lua
ovoide

presente,
alongado 8-

com capuz presente,

t fi — . A
polar quase presente, emforma 5 45 (13.4)6 8 triangular a ausénte
. 1= de (6.9) (1.95
imperceptiv losango

bumerangu )
el
e

presente,

espalhado
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Isospora neochmiae (KT224378) - Neochmia temporalis (Passeriformes: Estrildidae)
98,961 {sospora coronpideae (MK867778) - Corvus coronoides (Passeriformes: Corvidae)
o B Eimeria columbinae (MN082528) - Columbina talpacoti (Columbiformes: Columbidae)
. Fimeria praecox (HQ702483) - Gallus galius (Galliformes: Phasianidae)
Eimeria acervuling (KX094948) - Gallus gallus (Galliformes: Phasianidae)
48,50 Eimeria anseris (MH758793) - Anser albifrons (Anseriformes: Anatidae)
_EE;'meria sp. RY-2016a (KT305929) - Columba livia (Columbiformes: Columbidae)
91,84k Fimerfa sp. EP201 (MF496271) - (Columbiformes: Columbidae)
-|_E:‘mena dispersa (KJ608416) - Meleagris gallopavo (Galliformes: Phaslanidae)

: Eimeria purpureicephali (KU140598) - Purpureicephalus spurius (Psittaciformes: Psittacidae)
Eimeria sp. AAD273 (MHT777502) - Mus muscufus (Rodentia: Muridae)
Eimeria ferreirai (MN326301) - Leptotila verreauxi (Columbiformes: Columbidae)
Eimeria tenelfa (KX094951) - Gallus gallus (Galliformes: Phasianidae)
Eimeria necairix (KX094954) - Gallus galius (Galliformes: Phasianidae)
{sospora manorinae (KX276861) - Manorina flavigula (Passeriformes: Meliphagidae)
52,53 Eimeria sp. Lezajsk (MG595960) - Tetrao urcgafius (Galliformes: Phasianidae)
Eimeria sp. VV-2014 (KJ547709) - Perdix perdix (Galliformes: Phasianidae)
Eimeria adenceides (FR846201) - Meleagris gallopavo (Galliformes: Phaslanidae)
89,871 Eimeria meleagridis (KJ608418) - Meleagris gaflopavo (Galliformes: Phasianidae)
_:Eﬁmen’a arfoingi (KX857470) - Capra hircus (Cetartiodactyla: Bovidae)
60 Eimeria ferrisi (MH777588) - Mus musculus (Rodentia: Muridae)
Toxopfasma gondii (KM657810)

—
.02

Figura 4. Arvore de maxima verossimilhanga estimada a partir das seqiiéncias do gene COI de
espécies Eimeriide. Os numeros representam o suporte de autoinicializagdo 1000 repeti¢des (> 50%) para
Vizinhanga (NJ) ¢ Maxima Verossimilhanga (ML), respectivamente. Barra de escala representa o
numero de substitui¢des de nucleotideos por local.
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CAPITULO IV

Redescri¢ao de Isospora striata de arapagus
Distribution, redescription, and molecular identification of Isospora striata McQuistion et al. 1997

(Eimeriidae), from woodcreepers (Dendrocolaptidae) in South America.
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Resumo

Arapacgus s3o passeriformes da familia Dendrocolaptidae, que possuem uma alta dependéncia
florestal. O presente trabalho teve como objetivo redescrever Isospora striata McQuistion et al. 1997,
de dois novos hospedeiros em areas protegidas no Brasil, revelando novas localidades de parasitismo,
além de fornecer identificagdes genotipicas preliminares via sequenciamento do gene mitocondrial
citocromo ¢ oxidase subunidade 1 (COI) de ambas as espécies hospedeiras. Isospora striata possui
oocistos que sao subesferoidais a ovais, 19,4 x 16,8 um com parede lisa. O residuo de oocisto esta
ausente, mas micrdpila e granulos polares estdo presentes. Os esporocistos sdo ovoides, 13,6 x 8,3
um, com corpos de Stieda e sub-Stieda. Residuo de esporocisto estd presente e esporozoitos com
corpo refratil, nucleo e estriagdes. O estudo morfoldgico e a similaridade de 100% no sequenciamento
do gene COI entre amostras de diferentes espécies de Dendrocolaptidae confirmaram a identificagao
de uma tUnica espécie, apoiando a identificagdo de [ striata na Mata Atlantica brasileira e
consequentemente a ampla distribuicao desta espécie coccidiana em Regido Neotropical.

Palavras-chave: Taxonomia, Morfologia, Sequenciamento, Coccidia, Oocistos, Passeriformes,

Parque Nacional do Itatiaia, Parque Nacional da Serra dos Orgdos, Brasil.
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Abstract
Woodcreepers are passerines of the family Dendrocolaptidae, which have a high forest dependency.
The current work aimed to redescribe Isospora striata McQuistion et al. 1997, from two new hosts
in protected areas in Brazil, revealing new localities of parasitism, in addition to providing
preliminary genotypic identifications via sequencing of the mitochondrial cytochrome c¢ oxidase
subunit 1 (COI) gene from both host species. Isospora striata has oocysts that are subspheroidal to
ovoidal, 19.4 x 16.8 pm with smooth wall. Oocyst residuum is absent, but micropyle and polar
granules are present. Sporocysts are ovoidal, 13.6 x 8.3 um, with both Stieda and sub-Stieda bodies.
Sporocyst residuum is present and sporozoites with refractile body, nucleus, and striations. The
morphological study and the 100% similarity in sequencing of the COI gene between samples of
different dendrocolaptid species confirmed the identification of a single species, supporting the
identification of I. striata in the Brazilian Atlantic forest and consequently the wide distribution of

this coccidian species in the Neotropical Region.
Keywords Taxonomy - Morphology - Sequencing - Coccidia - Oocysts - Passeriformes - Parque

Nacional do Itatiaia - Parque Nacional da Serra dos Orgfos - Brazil
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INTRODUCAO

Os arapagus s3o Passeriformes da familia Dendrocolaptidae, que retinem 52 espécies
distribuidas predominantemente em ambientes florestais na Regido Neotropical (Marantz et al. 2003).
A dependéncia de ambientes florestais faz com que as espécies sofram declinio populacional e até
extingdo local em florestas alteradas e em fragmentos florestais (Marantz et al. 2003; IUCN 2020).
Na Mata Atlantica do Sudeste e Sul do Brasil, diversos estudos confirmam essa vulnerabilidade dos
arboricolas as mudangas antropicas, notadamente a fragmentacao florestal (Aleixo e Vielliard 1995;
Christiansen e Pitter 1997; Bornschein e Reinert 2000).

Essas aves alimentam-se predominantemente de insetos grandes, pequenos vertebrados,
caramujos € ovos de passaros que nidificam nas cavidades das arvores. Eles também seguem
regularmente bandos mistos e formigas de correi¢do, forrageando em todos os estratos como espécies
dominantes (Sick 1997; Piacentini et al. 2015). Esse hdbito alimentar predominantemente insetivoro
reduz potencialmente essas aves a transmissao fecal-oral de parasitos, ao contrario das aves frugivoras
(Dolnik et al. 2010). Dentre os diversos parasitos neste contexto, destacam-se os protozodrios
coccidios, devido a sua grande importancia para a biodiversidade e conservagao das aves.

Até o momento, seis espécies de coccidios foram registradas em arapagus neotropicais, mas
nenhuma delas no Brasil. Nesse sentido, o presente trabalho teve como objetivo redescrever Isospora
striata McQuistion et al. 1997, de dois novos hospedeiros em areas protegidas no Brasil, revelando
novas localidades e a ampla distribuicao desta espécie coccidiana na Regiao Neotropical. Além disso,
o presente estudo ird fornecer identificagdes genotipicas preliminares via sequenciamento do gene

mitocondrial citocromo ¢ oxidase subunidade 1 (COI) de ambas as espécies hospedeiras.

MATERIAIS E METODOS

Oito expedi¢des foram realizadas em duas unidades de conservagao federais brasileiras no
sudeste do Brasil: (1) Parque Nacional do Itatiaia, uma 4area protegida com alto grau de
vulnerabilidade, localizada na Serra da Mantiqueira, na divisa com os Estados do Rio de Janeiro,
Minas Gerais ¢ Sdo Paulo (ICMBIO 2020a); e (2) Parque Nacional da Serra dos Org#os, outra area
protegida criada para a conservagdo da biodiversidade da Serra do Mar na regido montanhosa do
Estado do Rio de Janeiro (ICMBIO 2020b). As primeiras seis expedi¢cdes foram realizadas em margo
(22 © 27 "40,3 S, 44 © 3531,9 O) abril (22 ° 27 52,0 S, 44 ° 36 26,0 ' ' O) 2015, Outubro (22 °
27'40,3"S, 44 © 35'31,9"W) de 2016, abril (22 © 2720,6"S, 44 ° 3628,6"W) 2017 maio (22 °© 27
'40,3"S, 44 ° 35'31,9"W) agosto (22° 26'57,0"S, 44 ° 36'25,0"W) de 2018 no Parque Nacional
do Itatiaia, sendo as duas ultimas expedi¢des realizadas em fevereiro (22 ° 2723,8"S, 42 °

59'58,7"W) e agosto (22 ° 2729,0"S, 43 ° 00'08,8"W) de 2019 no Parque Nacional da Serra dos
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Orgdos. Foram capturados dezesseis arboricolas Dendrocincla turdina (Lichtenstein, 1820) no
Parque Nacional do Itatiaia e dois exemplars de arapagus de garganta branca Xiphocolaptes albicollis

(Vieillot, 1818) no Parque Nacional da Serra dos Orgios.

Figural: Exemplares das aves hospedeiras Dendrocincla turdina(4); Xiphocolaptes albicollis (B).

RESULTADOS

Prevaléncia e identifica¢do

Foram examinadas dezesseis exemplars de D. turdina do Parque Nacional do Itatiaia e nove
foram positivas para coccidiose. Os dois exemplars de X. albicollis capturados no Parque Nacional
da Serra dos Orgaos também foram positivos. Esses oocistos de ambas as espécies hospedeiras, apos

esporulagdo, foram morfologicamente identificados como 7. striata, descrita da seguinte forma:

Isospora striata McQuistion et al. 1997 (Figs. 1 e 2a-))
Reino: Chromista Cavalier-Smith, 1981

Filo: Miozoa Cavalier-Smith, 1987

Infrafilo: Apicomplexa Levine, 1970

Classe: Coccidiomorphea Doflein, 1901

Subclasse: Coccidia Leuckart, 1879

Familia: Eimeriidaec Minchin, 1903

Género: Isospora Schneider, 1881

Oocisto (n = 88) subsférico a ovoide, 16-23 x 13-21 (19,4 x 16,8); relagdo comprimento / largura (L

/' W) 1,0-1,4 (1,16). Parede com duas camadas, 1,1-1,5 (1,3) de espessura, camada externa lisa, c.2 /
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3 da espessura total. Micropila delicada ou imperceptivel, 2,8—7,1 (4,2) de largura. O residuo de
oocisto estd ausente, mas 1-3 granulos polares estdo presentes. Esporocisto ovoide, 11-16 x 610
(13,6 x 8,3); Relagdo L/ W 1,5-2,0 (1,64). O corpo de Stieda esta presente, protuberante, arredondado
para o formato de botdo, 1,1-2,1 de altura x 1,2—-1,6 de largura (1,3 x 1,4). O corpo de Sub-Stieda
esta presente, retangular a arredondado, e situado diretamente abaixo do corpo de Stieda, 1,0-1,4 de
altura x 1,4-2,2 de largura (1,2 x 1,9). O corpo de Para-Stieda estd ausente. O residuo do esporocisto
esta presente, consistindo de granulos parcialmente ligados e / ou difusos. Esporozoitos vermiformes,

com corpo refratil posterior, nicleo central e estriagdes.

Figura 2: Desenho de composicio do coocisto esporulado para a descrigdo de Isospora striata de arapagus da Mata
Atléantica brasileira. Barra de escala: 10 pm

Resumo taxonomico

Hospedeiro: Dendrocincla turdina (Lichtenstein, 1820) (Aves: Passeriformes: Tyranni:
Dendrocolaptidae: Sittasominae), arapagu-liso; Xiphocolaptes albicollis (Vieillot, 1818) (Aves:
Passeriformes: Tyranni: Dendrocolaptidae: Dendrocolaptinae), arapagu-de-garganta-branca.
Localidades: Parque Nacional do Itatiaia (22 °© 27'S, 44 ° 35'W) e Parque Nacional da Serra dos
Orgaos (22 © 27'S, 43 ° 00'W), ambos do Sudeste do Brasil.

Espécimes: Fotomicrografias, desenho de linha e oocistos em solugao K2Cr207 2,5% (Williams et
al. 2010) sdo depositados no Museu de Zoologia da Universidade Federal Rural do Rio de Janeiro,
Brasil, sob os numeros de acesso MZURPTZ2020026 (D. turdina) e MZURPTZ2020027 (X.
albicollis). Fotomicrografias também estdo depositadas e disponiveis (http://r1.uftrj.br/labicoc/
colecao.html) na Colecdo de Parasitologia do Laboratdrio de Biologia de Coccidios, da UFRRJ, sob
os numeros de repositorio 110/2020 (D. turdina) e 111/2020 (X. albicollis). Os fotografias dos
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espécimes hospedeiros sdo depositados na mesma colegao.

Sequéncia de DNA representativa: a amplificagdo de DNA do gene COI mostrou bandas claras em
torno de 250 pb. As sequéncias representativas foram depositadas na base de dados GenBank sob os
numeros de acesso MW582619 (D. turdina) e MW582620 (X. albicollis).

Local de infec¢ao: Desconhecido.

Prevaléncia: 61% (11/18) no total; 56% (9/16) para D. turdina; e 100% (2/2) para X. albicollis.

Figura 3: Fotomicrografias de Isospora striata recuperadas de Arapagu-liso Dendrocincla turdina (a — e) e
de Arapagu-de-garganta-branca Xiphocolaptes albicollis (f — j). Observe a camada interna (il) e a camada

externa lisa (sol) da parede do oocisto, micropila (m), ntcleo (n).

Analise filogenética

A analise filogenética baseada no gene COI incluiu sequéncias de coccidianos disponiveis no
GenBank (Fig. 4). Eimeria tenella (Railliet e Lucet, 1891) foi usada como grupo externo. Isospora
striata de D. turdina e X. albicollis eram 100% idénticos e estavam em um clado com semelhanca de
99% com Isospora feroxis Berto, Luz, Flausino, Ferreira e Lopes, 2009, que ¢ um parasita de Tyrant-
flycatchers (Tyranni: Tyrannoidea) no Brasil (Ortuzar-Ferreira et al. 2021). Isospora striata estava
também perto de outra espécie de Isospora de passeriformes neotropicais suboscines (Tyranni), como
Isospora saggitulae McQuistion e Capparella, 1992, Thamnophilidae com 96% de similaridade
(Silva-Carvalho et al. 2018), mas também com passeriformes oscines neotropicais (Passeri), como
Isospora massardi Lopes, Berto, Luz, Galvao, Ferreira e Lopes, 2014, de sabias (Turdidae) com 97%
de similaridade (Genovez-Oliveira et al. 2020), além de outra espécie de Isospora de outras regides
zoogeograficas distantes, como Isospora coronoideae Liu et al. 2019, dos corvos-australianos Corvus
coronoides Vigors e Horsfield, 1827 (Passeri: Corvidae) da Australia com 95% de similaridade (Liu

et al. 2019).
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DISCUSSAO

No Brasil, os Passeriformes reinem cerca de 37 familias distribuidas em todos os biomas
brasileiros (Mata Atlantica, Amazdnia, Pantanal, Caatinga, Cerrado e Pampa), compreendendo mais

da metade de todas as aves. Dentrocolaptidae compreende 14 géneros e 43 espécies conhecidas como

“arapacus” no Brasil (Piacentini et al. 2015). Apesar dessa grande diversidade, o trabalho atual relata
pela primeira vez uma espécie de Isospora arapagus brasileiros. A baixa densidade e prevaléncia
esperadas de aves insetivoras (Dolnik et al. 2010) poderiam justificar esse primeiro relato em arapagu
apenas em 2020; no entanto, ao contrario do que era esperado, a prevaléncia foi razoavelmente alta
no atual estudo (61%), mesmo com o baixo numero de exemplares analisados.

Isospora striata foi originalmente descrita a partir de arapagus ocelados Xiphorhynchus
ocellatus (Spix, 1824) na provincia de Morona-Santiago, cerca de 5 km a sudoeste de Taisha, no
Equador (McQuiston et al. 1997). Os oocistos identificados no presente estudo eram
morfologicamente compativeis com esta descri¢ao original de McQuistion et al. (1997); com excegao
da presenca da micropila e outras pequenas diferencas no tamanho e forma de alguns aspectos
caracteristicos (Tabela 1). A micropila identificada nos oocistos do presente trabalho ¢ delicada e
imperceptivel, sendo dificil de observar na maioria dos oocistos; portanto, deve ter sido ndo
observado por McQuistion et al. (1997). As diferengas na morfometria podem ser justificadas pelo
maior numero de oocistos medidos no presente estudo, além do maior nimero de espécies e
espécimes hospedeiros (Sampaio 2002; Berto e Lopes 2020). A comparagdo morfométrica entre os
oocistos dos dois hospedeiros do presente trabalho foi suprimida, devido ao baixo nimero de oocistos
e hospedeiros X. albicollis em relagao a D. turdina, o que fragilizaria qualquer analise estatistica. Em
qualquer caso, as diferengas morfométricas entre o trabalho atual e o original de McQuistion et al.
(1997) estiveram principalmente associados aos intervalos medidos, enquanto as médias foram mais
proximas. De fato, os principais tragos caracteristicos que orientaram a identificagdo como /. striata
no presente trabalho foram as estriacdes nos esporozoitos e o corpo retangular sub-Stieda, que foram
excepcionalmente destacados por McQuistion et al. (1997) por serem os principais tragos distintivos
de I. striata em comparacdo as demais espécies de Isospora registradas de Dencrocolaptidae (Tabela
1).

Os hospedeiros do presente estudo, D. turdina e X. albicollis, e o hospedeiro da descrigdo
original de /. striata, X. ocellatus, ndo sdo simpatricos. Na verdade, o hospedeiro original identificado
por McQuistion et al. (1997) € potencialmente o atual Xiphorhynchus chunchotambo de Tschudi (von
Tschudi, 1844), que foi previamente classificado como uma subespécie de X. ocellatus. No entanto,
atualmente, apenas X. chunchotambo tem distribuicdo no Equador, enquanto X. ocellatus esta restrito

a Amazonia brasileira e peruana, sendo ligeiramente simpatrico a X. chunchotambo nos estados
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brasileiros do Acre e Rondonia (Fig. 5). No extremo oposto, na América do Sul, D. turdina e X.
albicollis estio distribuidos estritamente na Mata Atlantica.

Assim, a ndo simpatria desses hospedeiros poderia ser incompativel com a identificagdo de 1.
striata no presente estudo, uma vez que a transmissdo de Isospora spp. € fecal-oral e, portanto,

depende da simpatria minima para que haja transmissdo / dispersdo de seus oocistos; no entanto,

conforme assumido nos estudos de Berto et al. (2014b), Silva et al. (2017), e Silva-Carvalho et al.
(2018), hospedeiros suscetiveis com ampla distribuigdo geografica na América do Sul poderiam
transmitir /. striata a uma ampla gama de hospedeiros simpatricos suscetiveis. Desta forma, o
arapagu-verde Sittasomus griseicapillus (Vieillot, 1818) e o arapagu-de-bico-branco Dendroplex
picus (Gmelin, 1788) podem ser potenciais transmissores / dispersores de /. striata na América do
Sul, uma vez que possuem ampla distribuicdo geografica e sdo simpatricos com X. ocellatus / X.
chunchotambo, D. turdina e X. albicollis (Fig. 5). Vale ressaltar que essa suposicao se baseia no
conceito de especificidade a nivel da familia hospedeira, que tem sido amplamente aceito em
inameros estudos de taxonomia coccidiana (Duszynski e Wilber 1997; Berto et al. 2011).

A similaridade genotipica de 100% no gene COI entre as amostras de D. turdina e X. albicollis
confirma a identificacdo de uma tnica espécie desses hospedeiros e reforca a identificacao de 1. striata
na Mata Atlantica brasileira, pois se essa espécie pode parasitar arapacus de diferentes espécies,
potencialmente esta espécie deve estar amplamente distribuida nas areas geograficas dos arapagus
neotropicais (Fig. 5) (Berto e Lopes 2020).

A andlise filogenética da Fig. 4 ndo permite maiores conclusdes sobre a origem ou aspectos
dos grupos monofiléticos, uma vez que espécies de Isospora de Passeriformes em diferentes familias
e subordens, de diferentes e distantes regides zoogeograficas e com diferentes caracteristicas
sentavam-se nos mesmos clados. Na verdade, o uso de um inico gene para a identificacdo genotipica
de Isospora spp. nao permite uma caracterizagao filogenética mais detalhada (Yang et al. 2021); em
qualquer caso, o gene COI tem sido o mais indicado para confirmagdo de espécies (Ogedengbe et al.
2011, Yang et al. 2015, Silva-Carvalho et al. 2018) e o mais utilizado para estudos genotipicos e
filogenéticos de Isospora spp., possivelmente devido a extracdo e amplificacdo favoravel de genes
mitocondriais, que estdo em maior nimero de copias, de oocistos individuais (Dolnik et al. 2009).

Finalmente, com base nas caracteristicas morfoldgicas e moleculares descritas acima, /. striata
¢ redescrita no presente trabalho, documentando dois novos hospedeiros, D. turdina e X. albicollis, e
novas localidades na Mata Atlantica brasileira, o Parque Nacional do Itatiaia e o Parque Nacional da

Serra dos Orgios.
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Isospora butcherae (KYB01687) - Zosterops latevalis (Passen: Zosteropidae)
Isospora superbusi strain MTZ2 (KT203396) - Lamprofornis superbus (Passeri: Sturnidae)

paat Isospora greinen (KR108298) - Lamprofornis superbus (Passeri: Sturnidae)

58,58 Isospora sp. RY-2015¢ isolate RBF (KT224378) - Manonina flavigula (Passen: Meliphagidae)

Isospora coronoideas (MKBETTT8) - Corvus coronoides (Passen: Corvidae)
Izospora sp. isolate EmbCil PT (MKST73834) - Embeniza cifringlla (Passeri: Emberizidae)
Isospora sepetibensis (MKGRZE06) - Trichothraupis melanops (Passer: Thraupidae)

Isospora sporophiae (MH464545) - Sparophila frontalis (Passen: Thraupidae)
—— [sospora sporophilae (MH464544) - Haplospiza unicolor (Passer: Thraupidae: Diglossinae)
Isospora massardi (MNB02B25) - Turdus albicollis (Passeri: Turdidae)
Isospora lopesi (MF438267) - Platyrinchus mystacevs (Tyranni: Tyrannidae)
Isospora borbal (MK057528) - Conopophaga spp. (Tyranni: Conopophagidae)
Isospora sagitiulae (MFE81005) - Wilisarmis poecifinotus (Tyranni: Thamnophilidae)
Isospora sagifiulae (MFBE1004) - Pynglena levcoptera (Tyranni: Thamnophilidag)
Isospora feroxis (MT563402) - Tolmomyias sulphurescens (Tyranni: Rhynchocyclidag)
Isospora siriata (MWS582620) - Xiphocolaptes albicollis (Tyranni: Dendrocelaptidae)
Isospora striata (MWS582813) - Dendrocinela turdina (Tyranni: Dendrocolaptidae)
Isospara manonnae (KT224377) - Manorina favigula (Passen: Meliphagidae)
Isaspora erthaci (MKS7T3839) - Erithacus rubecula (Passeri: Muscicapidae)
b= [sospora sp. isolate Parbail PT (MKS73833) - Parus major (Passeri: Passerida: Paridae)

Isospora sp. ISAT1 (FJ269357) - Syivia atricapila (Passen; Sylviidae)

Isaspova sp. isolate PhoDc1 L (MKS73842) - Phoenicwrus ochruros (Passeri: Muscicapidae)

~ e Isospora hypoleucae (FJ269363) - Ficedwa hypoleuca (Passen: Muscicapidae)
b Is0spora parnaitaliafensis (MT233550) - Dysithamnus mentalis (Tyranni: Thamnophilidae)
Isospora sp. isolate TurPh1 JT (MK57328:32) - Turdus philomelos (Passeri: Turdidae)
{sospora sp. isolate TurlMed PT (MES73840) - Turdus merula (Passeri: Turdidae)
Isaspora serinuse (KX2T6880) - Serinus canaria (Passeri: Fringillidae)
Isospora sp. isolate TurMel PT (MKS73835) - Turdus merula (Passeri: Turdidae)
Isospora pamaitatiaiensis (MT233551) - Pyriglena leucoplera (Tyranni: Tharmnophilidaea)
Isospora offveiral (MT276845) - Schiffornis virescens {Tyranni: Tityridae)
Eimeria lenella (FJZ36388)

ABAE | 94,91

e

7 ot . . . . O]
Figura 4: Arvore de verossimilhan¢a maxima estimada a partir das sequéncias do gene COI de espécies de
Isospora. Os numeros representam o suporte de bootstrap de 1000 réplicas (> 50%) para jun¢do de vizinho

(NJ) e maxima verossimilhangca (ML), respectivamente. A barra de escala representa o numero de
substitui¢des de nucleotideos por local.

Figura 5: Distribuigdo geografica dos dendrocolaptideos hospedeiros de Isospora striata na regido
Neotropical (com base em dados da IUCN 2020). Xiphorhynchus chunchotambo e Xiphorhynchus ocellatus
estdo distribuidos na Amazoénia. Os hospedeiros relatados neste trabalho, Xiphocolaptes albicollis e
Dendrocincla turdina distribuidos nas areas geograficas na Mata Altlantica no sudeste do Brasil (a).
Sittasomus griseicapillus (b) e Dendroplex picus (c) sdo exemplos de arapagus com ampla distribuicdo
geografica neotropical que sdo simpatricas com X. chunchotambo, X. ocellatus, X. albicollis e D. turdina.

90



Table 1. Morfologia comparativa de espécies de Isospora registrados em arapacus (Dendrocolaptidae).

Oocistos Esporocistos Esporozoito
. . Localidad Refereéncia i i g i
Coccidio  Hospedeiro Compriment Largura C/L Pare Granulo Compriment Largu CL Corpo Corpo Corpo Nucleo  Estria
e S Forma Residuo Microépila Forma o ra Stieda ) Residuo  refratil ¢ao
(um) razdode polar razao Substieda
(um) (nm) (hm)
Isospora presente, 1 presente prese
concentrica Dendrocolapt McQuistion . . posterior nte
Equador, 1.04 ovoide a 9.0— 1.42— ovoide ou
McQuisti thi d 21-25 15.0-18.0 fi te,
cQuistion es certhia América an ovoide 24-30(26.9) —  Lisa ausente ausénte  presente elipsoid 120 170 °miorma em forma de ppresente
and (Boddaert, Caparella (22.7) (17.2) de bloco compacto
do Sul 1.38 al (11.0) (1.56) bolha
Caparella, 1783) (1995)
1995
Isospora 108 present,2 presente ausén
magna McQuistion . lo, te
& Equador, M°Q" 230- - 11.0- 1.07- 2P
McQuistion D. certhia América and ovbide 26.0-31.0 26.0 130 Lisa ausente ausénte subsférico 1 ovéide 15.0-20.0 140 182 semelhant imperceptive compost
and Caparella (29.7) a ovoide (15.8) eauma 1 uniforme
do Sul (24.9) (1.20 (12.6) (1.28)
Caparella, (1995) ) capula
1995
Isospora presente, 1 presente ausén
ocellati Nivhorhomehu Eauador. McOui | - posterior te
] > T - . L
McQuiston, iphorhynchu Equador, McQuiston 15-19 ovoide a 7-9 capula ou
socellatus ~ América etal. ovoide 18-21(20.0) 1.3 Lisa ausénte ausénte . ovoide 11-13 (12) 1.7 elipsoidal ~ composto
Walden and ) 17) subsférico ®) bolha
(Spix, 1824) doSul  (1997) (12) (1.5)
Caparella,
1997
Isospora protuberan presente, 1 presente prese
striata ¥ ocellatus Equador, McQuiston 1517 1.1- 7.8 14— tee compato, posterior nte
) América etal. ovoide 16-20 (18) 1.2 Lisa ausénte ausénte  subsférico ovoidal 11-12 (11) 1.5  semelhant retangular )
McQuiston, (Spix, 1824) (16) ®) esférico
do Sul  (1997) (1.2) (14) ea
Walden and
mamilo
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Caparella, Xiphocolaptes

1997 albicollis
(Vieillot, . L.
Brasil, Subsféri
1818); América TP 0 1623 19.4) B
Dendrocincla trabalho (16.8)
. do Sul ovoide
turdina
(Lichtenstein,
1820)
Isospora
1 McQuistion
ubique Glyphorynchu Equador, Q
McQuistion s spirurus .. and subsféric 21 -27 19-24
América
and (Vieillot, Caparella o (23.4) (21.8)
do Sul
Caparella, 1819)) (1997)
1997
Isospora
dendrocincla
Dendrocincl
¢ endrocmeta Guiana, McQuiston Subsféric
McQuistion, merula América etal. oa 1523 14.5-19

Galewsky  (Lichtenstein,
do Sul  (2010)
and 1820)
Caparella,
2010

ovoide

1.0-

presente, subsférico a

1.4 Lisa ausénte imperceptelipsoidal,

(1.2)

1.00

1.23 Lisa ausente ausente

(1.07
)

1.1-

1.3 Lisa ausénte ausénte

(1.2)

ivel 1-3

ovoide

subsféricol

ovéide 11-16 (13.6)

ovoide

14-16 (14.8)

ovoide 12-14

1.5-

6-10 2.0

8.3
®3) (1.6)

1.36—

-1l 1.67
10.1
( )(1 46

1.6—
7-10 1.8

(1.7)

presente, presente prese

protubera 1 nte
nte, rectangular posterior
mpato
arredond a
ou
ado e em arredondad X
difundido
forma de o
botio
presente, 1 presente ausén
posterior te
tipo
absent composed
mamilo
presente, 1 presente ausén
posterior te
pequeno e slightly
subspheric
em forma larger and P
al

debotdo  subglobular
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CAPITULO V

Redescriciao de Eimeria labbeana de columbiformes de Portugal

Supplementary morphological data and molecular analyses of Eimeria labbeana (Labbé, 1896)

Pinto, 1928 (Chromista: Miozoa: Eimeriidae) from columbiform birds in Portugal
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Resumo

Columbiformes apresentam uma ampla distribuicdo mundial, das quais 166 espécies ocorrem na
Eurésia. Eles foram relatados sendo parasitados por coccidios recorrentemente nos ultimos anos; no
entanto, Eimeria labbeana (Labbé, 1896) Pinto, 1928, que ¢ a primeira espécie de Eimeria de
Columbiformes descrita no final do século XIX, ndo ¢ taxonomicamente identificado por seus
oocistos desde os anos 1930. Neste contexto, o presente estudo teve como objetivo complementar a
morfologia de E. labbeana de rola-turca Streptopelia decaocto Frivaldszky, 1838 ¢ de um pombo-
torcaz Columba palumbus Linnaeus, 1758 em Portugal, proporcionando uma caracterizacao
genotipica preliminar. Trés dos quatro exemplares de columbiformes foram positivos para oocistos
identificados como E. labbeana, que foram revisados morfologicamente como possuindo micropila,
além de outros pequenas caracteristicas. Os oocistos de S. decaocto e C. palumbus foram
morfologicamente idénticos e equivalentes em todos os aspectos morfométricos, além de
apresentarem similaridade genotipica de 99,5%. A andlise filogenética baseada no gene mitocondrial
da subunidade 1 do citocromo ¢ oxidase resultou em um grande clado com Eimeria spp. € Isospora
spp. de diferentes vertebrados e baixa similaridade entre Eimeria spp. de Columbiformes; ao passo
que a analise filogenética baseada na pequena subunidade do gene do RNA ribossémico resultou em
grupos monofiléticos bem sustentados, incluindo um com os coccidios de aves columbiformes.

Palavras-chave: oocistos; coccidia; taxonomia; morfologia; genotipagem; filogenia; pombos;

pombas; Eurasia
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Abstract

Columbiformes have a worldwide distribution, of which 166 species occur in Eurasia. They have
been reported parasitized by coccidians recurrently in recent years; however, Eimeria labbeana
(Labbé, 1896) Pinto, 1928, which is first Eimeria sp. from Columbiformes described in the late 19th
century, is not taxonomically identified by its oocysts since the 1930s. In this context, the current
study aimed to supplement the morphology of E. labbeana from Eurasian collared-doves Streptopelia
decaocto Frivaldszky, 1838 and from a common woodpigeon Columba palumbus Linnaeus, 1758 in
Portugal, providing a preliminary genotypic characterization. Three of the four columbiforms were
positive for oocysts identified as E. labbeana, which were morphologically revised as having
micropyles, in addition to other minor adjustments. Oocysts from S. decaocto and C. palumbus were
morphologically identical and equivalent in all morphometric aspects, besides having genotypic
similarity of 99.5%. Phylogenetic analysis based on the mitochondrial cytochrome ¢ oxidase subunit
1 gene resulted in a large clade with Eimeria spp. and Isospora spp. from different vertebrates and
low similarity between Eimeria spp. from Columbiformes; whereas, the phylogenetic analysis based
on the small subunit ribosomal RNA gene resulted in well-supported monophyletic groups, including

one with the coccidians of columbiform birds.

Keywords: oocysts; coccidia; taxonomy; morphology; genotyping; phylogeny; pigeons; doves;

Furasia
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INTRODUCAO

As aves classificadas na ordem Columbiformes sdo representados por 369 espécies em todo o
mundo, sendo 166 distribuidas na Eurasia (IUCN 2020). Sao aves com um sentido de orientacao
excepcional que permitem voos de longa distancia. Esse fato permite que tenham distribui¢des
geograficas quase sempre continentais, cruzando dois ou trés continentes (IUCN 2020; Sick 1997).
A pomba ou pombo comum Columba livia Gmelin, 1789 exemplifica uma distribuicdo geografica
extrema, visto que ¢ nativa da Eurdsia e do Norte da Africa e introduzida em todos os outros
continentes do planeta, onde se adaptou amplamente, principalmente em areas urbanas (IUCN 2020)

A maioria das aves Columbiformes se alimentam do solo em busca de graos e sementes (Sick
1997). Esse habito favorece a transmissdao de parasitos pela via fecal-oral, como os coccidios,
amplamente relatados por columbiformes nos ltimos anos (Dolnik et al. 2021). Entre as espécies de
coccidios registradas em Columbiformes, Eimeria labbeana (Labbé, 1896) Pinto, 1928 pode ser

destacada como a primeira espécie a ser descrita no século XIX pelo Dr. Alphonse Labbé
(Labbé1896; Ortuzar-Ferreira et al. 2020). Nas décadas seguintes, E. labbeana foi frequentemente
utilizado em estudos de ensaios experimentais, ultraestrutura ou biologia coccidiana em geral
(Duncan1957; Quevedo e Arcay-de-Peraza 1980; Coussement et al. 1988; Marzouk et al. 1989;
Vercruysse et al. 1990); embora tenha sido estudado taxonomicamente pela ultima vez na década de
1930, por Nieschulz (1935).

Neste contexto, o presente estudo teve como objetivo redescrever E. labbeana a partir de
Streptopelia decaocto Frivaldszky, 1838 e de Columba palumbus Linnaeus, 1758 que estavam sendo
mantidos para reabilitacdo e reintroducdo na natureza no Centro de Recuperagdo de Animais
Silvestres de Lisboa (Centro de Recuperagao de Animais Silvestres de Lisboa), no Parque Florestal
de Monsanto, Lisboa, Portugal, fornecendo uma caracterizagdo genotipica preliminar via
sequenciamento do mitocondrial citocromo ¢ oxidase subunidade 1 (COI) e subunidade pequena 18S

RNA ribossdmico (18S) genes.

MATERIAIS E METODOS

Coleta de amostras

Amostras fecais foram coletadas de trés exemplares de S. decaocto e um exemplar de Columba
palumbus Linnaeus, 1758 que foram mantidos individualmente em gaiolas para reabilitacdo e
reintrodugdo na natureza no Centro da Natureza de Lisboa Recuperacdo Animal, no Parque Florestal

de Monsanto, Lisboa, Portugal. As amostras foram coletadas imediatamente apos a defecagdo e foram
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colocados em tubo de ensaio contendo 2,5% de Solugdo de dicromato de potassio (K2Cr207) a 1: 6
(v / v). Seguindo todas as diretrizes aplicaveis, nacionais e internacionais para o cuidado e uso de
animais. A manipulagdo dos animais no Centro de Recupera¢ao de Animais Silvestres de Lisboa foi

realizada por profissionais qualificados, de acordo com a diretriz 86/609 / CEE.

Andlises morfologicas

No Centro Interdisciplinar de Investigagdo em Sanidade Animal, Faculdade de Medicina
Veterindria, Universidade de Lisboa, as amostras foram incubadas em sala climatizada por 7 dias para
posterior recuperacdo dos oocistos esporulados por meio de flotagdo Sheather, em Solugdo de
acucar (gravidade especifica: 1,20). Oocistos esporulados das amostras positivas foram lavadas e
diluidas em solu¢do de K2Cr207 e encaminhadas ao Laboratorio de Biologia de Coccidios,
Universidade Federal Rural do Rio de Janeiro para identificagdo usando a técnica descrita por

Duszynski e Wilber (Duszynski & Wilber, 1997) e Berto et al (Berto et al, 2014).
Analise estatistica
A analise de variancia (ANOVA) foiusada para comparar as medidas do comprimento, relagao
largura e comprimento / largura (L / W) dos oocistos e esporocistos recuperados de S. decaocto e C.
palumbus. O teste de normalidade de D'Agostino foi empregado anteriormente para avaliacdo dos

dados. O pacote estatistico Bioestat 5.0 (Ayres et al, 2002) foi usado para calcular a média, variancia,

grau de liberdade e valor de p (Sampaio, 2002; Berto et al, 2014).

Figura 1: Exemplares das aves hospedeira Streptopelia decaocto (A); Columba palumbus (B).
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RESULTADOS

Prevaléncia e identificagdo

Quatro aves columbiformes (3 S. decaocto ¢ 1 C. palumbus) foram examinadas. Dois
exemplares de S. decaocto e um exemplar de C. palumbus foram positivos para uma espécie
coccidiana, que foi morfologicamente identificada como E. labbeana (Fig. 2, 3a-h). Dados
morfologicos suplementares e analises moleculares sdo fornecidos abaixo.

Eimeria labbeana (Labbé, 1896) Pinto, 1928 (Figs. 2, 3a-h)
Reino: Chromista Cavalier-Smith, 1981

Filo: Miozoa Cavalier-Smith, 1987

Infraphylum: Apicomplexa Levine, 1970

Classe: Coccidiomorphea Doflein, 1901

Subclasse: Coccidia Leuckart, 1879

Familia: Eimeriidae Minchin, 1903

Género: Eimeria Schneider, 1875

Oocisto (n = 73) subsféricos a elipsoidal, 1621 um x 14—-18 pm (18,7 x 15,7 um); Razdo L /
W 1,0-1,4 (1,2). Parede com duas camadas, 1,0—1,5 um (1,2 um) de espessura, camada externa lisa.

Micropilas estdo frequentemente presentes, de forma mais perceptivel um na extremidade
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longitudinal e outra na lateral. Residuo de oocisto ausente, mas um a trés granulos polares estdo
presentes. Esporocistos (n = 73) 4, ovoides ou ligeiramente reniforme, 10—14 pm % 5-7 pm (12,2 x
6,4 um); Razdo L/ W 1,8-2,4 (2,1). Corpo de Stieda presente, triangular proeminente, 1,0—1,3 um %
1,2-1,4 pm (1,2 x 1,3 pum); corpos sub-Stieda e para-Stieda ausentes; Residuo de esporocisto
presente, composto de esférulas dispersas. Dois esporozoitos, vermiformes, com corpos refrateis

anteriore posterior € um nucleo.

Figura 2:. Desenho de linha de Eimeria labbeana, uma espécie de coccidio recuperada de passaros
columbiformes. Barra de escala: 10 pm.

Resumo Taxonoémico

Hospedeiros: rola-roxa Streptopelia decaocto Frivaldszky, 1838; ¢ o pombo-torcaz Columba
palumbus Linnaeus, 1758 (Aves: Columbiformes: Columbidae).

Localidade: Centro de Recuperacdo de Animais Silvestres de Lisboa (Centro de Recuperagdo de
Animais Silvestres de Lisboa), Parque Florestal de Monsanto, Lisboa, Portugal (38 © 4422.9"N, 9 °
11'02.3"W).

Espécimes: Fotomicrografias, desenho de linha e oocistos em solugdo de K2Cr207 2,5%, de acordo
com as diretrizes de Williams et al. (2010), estdo depositados no Museu de Zoologia da Universidade
Federal Rural do Rio de Janeiro, Brasil, sob os nimeros de acesso MZURPTZ2020023 (S. decaocto)
e MZURPTZ2020024 (C. palumbus). Fotomicrografias também estdo depositadas e disponiveis
(http://r1.ufrrj.br/labicoc/colecao.html) na Cole¢do de Parasitologia do Laboratério de Biologia de
Coccidios, da UFRRIJ, sob os niimeros do repositorio 106/2020 (S. decaocto) e 107/2020 (C.
palumbus). As fotografias dos espécimes hospedeiros sdo depositados na mesma colecao.

Sequéncia de DNA representativa: a amplificacdo de DNA dos genes COI e ssTRNA mostrou bandas

claras em torno de ~ 250 bp e ~ 400 bp, respectivamente. As sequéncias representativas foram
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depositadas na base de dados GenBank com os nimeros de acesso: MT475825 (COI, S. decaocto);
MT475826 (COI, C. palumbus); e MT472289 (18S, S. decaocto).
Local de infec¢ao: Desconhecido.

Prevaléncia: 75% (3/4) no total; 67% (2/3) para S. decaocto; e 100% (1/1) para C. palumbus

Observacoes

A morfologia comparativa entre espécies de Eimeria registradas de Columbiformes e os oocistos
identificados no presente estudo sdo mostrados na Tabela 1. Oocistos de S. decaocto e C. palumbus
eram morfologicamente idénticos entre si e equivalentes em todos os aspectos morfométricos por
ANOVA (Tabela 1). A identificacdo como E. labbeana baseou-se na caracteristica tipica do corpo

triangular proeminente de Stieda, presenca de micropila segundo a descricdo de Pinto (1928), além

dos tamanhos e formas semelhantes de oocistos e esporocistos. Além de E. labbeana, as espécies
Eimeria columbarum Nieschulz, 1935, Eimeria curvata Adriano, Thyssen e Cordeiro, 2000, Eimeria
livialis Alyousif, Al-Shawa e Al-Asiri, 2009, Eimeria columbapalumbi Jamriska e Modry, 2012,
Eimeria mauritiensis, Daszak, Swinnerton, Jones e Snow, 2012, Eimeria sp. de Yang et al. 2016, e
Eimeria ferreirai Oliveira e Berto, 2020, eram semelhantes em tamanho aos oocistos do presente
estudo. Dessas espécies, E. curvata, E. livialis, E. mauritiensis e Eimeria sp. de Yang et al. 2016,
tem apenas um ou nenhum granulo polar; e todos, exceto E. ferreirai, ndao possuem micropila.
Eimeria ferreirai diferencia-se pelo corpo de Stieda menos proeminente, além de possuir um capuz

polar delicada na micropila e oocistos ligeiramente maiores.

Analise filogenética

Sequéncias de Eimeria spp., Isospora spp. € Cyclospora spp. disponiveis no GenBank foram
usados para a andlise filogenética (Figs. 4, 5). O coccidio formador de cisto Toxoplasma gondii
(Nicolle e Manceaux, 1908) foi o grupo externo. Na analise filogenética baseada no gene COI (Fig.
4), E. labbeana de S. decaocto e C. palumbus teve similaridade de 99,5% e foram recuperados em
um grande clado entre espécies de Isospora de Passeriformes e espécies de FEimeria de
Columbiformes, Anseriformes, Galliformes, Strigiformes e Picittaciformes, além de mamiferos,
principalmente roedores. Na analise filogenética baseada em sstRNA (Fig. 5), E. labbeana se
posicionou em um clado com similaridade de 100% com Eimeria columbinae Ortizar-Ferreira e
Berto, 2020 e Eimeria sp. de Yang et al. (2016) e de 99,7% com uma espécie de Isospora de pombos

domésticos C. /ivia no Japao (Matsubara et al. 2017).
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DISCUSSAO

Eimeria labbeana foi o primeiro Eiimeridae descrito de Columbiformes na década de 1920 do
século passado (Pinto 1928), corrigindo e renomeando as descri¢des anteriores de Coccidium pfeifferi
Labbe, 1896 ¢ Eimeria pfeifferi Labbe, 1896, que se tornaram sindnimas (Ortiuzar-Ferreira et al. .
2020). Essa descrigdo de Pinto (1928), embora nao muito detalhada, registrou a presenga de micrdpila
nos oocistos. Nos anos 1930 seguintes, Nieschulz (1935) destacou em seus desenhos de linha uma
caracteristica distinta principal para E. labbeana, um corpo de Stieda triangular proeminente, que
seria a principal diferenca para a segunda Eimeria sp. descrito de Columbiformes, E. columbarum.
Nesse sentido, os oocistos foram identificados como E. labbeana no presente estudo combinando as
descricdes de Pinto (1928), que observou uma micropila nos oocistos, e Nieschulz (1935), que

destacou o proeminente corpo triangular de Stieda.

Conforme mostrado na Tabela 1, varias espécies de Eimeria apresentam morfologia basica e
tamanhos semelhantes a E. labbeana. Entre eles, E. curvata, E. livialis, E. columbapalumbi, E.
mauritiensis e Eimeria sp. de Yang et al. (2016) nao foram detalhados sobre a morfologia do corpo
de Stieda para distingui-los de E. labbeana, embora algumas fotomicrografias mostrem corpos de
Stieda triangulares, que foram minimamente redesenhados na revisdao de Ortuzar-Ferreita et al.
(2020). De qualquer forma, nenhuma dessas espécies foi descrita com micropila, o que deve ser
facilmente observado através dos recursos microscopicos disponiveis neste século. Em contrapartida,
Nieschulz (1935), ao contrario de Pinto (1928), ndo deveria ter sido capaz de observar micropila nos
oocistos identificados como E. labbeana por meio dos recursos microscopicos disponiveis no inicio
do século passado (Tabela 1).

A descrigdo de mais de uma micropila no oocisto € muito incomum na taxonomia de Coccidia.
De acordo com Duszynski e Wilber (1997) e Berto et al. (2014), a micrdpila consiste em uma
descontinuidade na camada externa da parede do oocisto. Nesse sentido, foram observadas até trés
descontinuidades, ou micropilas, na camada externa dos oocistos, conforme destacado na Figura 3e;
entretanto, duas micropilas foram observados mais claramente, um na extremidade longitudinal e
outro na lateral, conforme mostrado nas Figuras 3a e 3f. Nesse sentido, os oocistos do presente estudo
foram identificados como E. labbeana, tendo sua descrigdo morfologica complementada com a
presenca de micropilas, além de outras pequenas caracteristicas.

Além dessa base morfologica, a identificagdo do presente estudo também ¢ baseada nos relatorios
anteriores de E. labbeana de Streptopelia orientalis Latham, 1790, Spilopelia senegalensis Linnaeus,
1766, e S. decaocto, na Eurasia e no Norte da Africa (Coussement et al. 1988; Marzouk et al. 1989;

Vercruysse 1990). Embora esses relatos ndo sejam de estudos de taxonomia, ou apresentem detalhes
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morfolégicos dos oocistos, esses relatos estdo no banco de dados de coccidios "Coccidia of the
World" de Duszinski et al. (2000). Por sua vez, C. palumbus apesar de ser um novo hospedeiro no
presente estudo, eliminou oocistos com caracteristicas morfoldgicas idénticas aos de S. decaocto,
além de médias equivalentes em todos os aspectos morfométricos (Tabela 1, Fig. 3).

A analise filogenética baseada nas sequéncias COI (Figs. 4, 5) resultou em um grande clado, com
baixo suporte de bootstrap, com FEimeria spp. ¢ Isospora spp. de diferentes grupos de aves e
mamiferos. Até o momento, existem trés sequéncias COIl de Eimeria spp. de Columbiformes
depositados no GenBank, além de E. labbeana do estudo atual. Esperava-se que essas espécies fossem
genotipicamente semelhantes; no entanto, eles diferiram em 5 a 10%, ou 10 a 20 substituigdes de
nucleotideos. Uma suposi¢do para essas grandes diferencas pode estar associada as localidades
distintas e distantes desses coccidios: E. columbinae e E. ferreirai sao da América do Sul; e Eimeria
sp. de Yang et al. (2016) ¢ da Oceania (Tabela 1). Em contraste, a distribuicdo mundial de C. /ivia,

como nativa ou introduzida, poderia igualmente distribuir seus coccidios em todo o mundo (IUCN
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2020; Berto e Lopes 2020). De qualquer forma, quando mais sequéncias COI de coccidios de
Columbiformes fossem depositadas no GenBank, melhores conclusdes seriam possiveis.

No outro extremo, a analise filogenética baseada no gene ssTRNA mostrou claramente os grupos
monofiléticos de coccidios de acordo com seus grupos de hospedeiros, formando clados com
coccidios de bovinos, primatas, galiformes, roedores e, por fim, columbiformes. O clado com os
coccidios de Columbiformes apresentou uma similaridade muito alta entre as sequéncias, o que
confirma a adequagdo do gene ssrRNA para o posicionamento filogenético em grupos taxondémicos;
no entanto, mostra-se inadequada para diferenciacdo ou genotipagem especifica, pelo menos na
regido ampliada no presente estudo.

Sendo assim, um novo hospedeiro foi registrado para E. labbeana, o pombo-torcaz C. palumbus
e dados morfologicos suplementares e analises moleculares e filogenéticas pelo COI e ssTRNA foram

fornecidos para as primeiras espécies de Eimeria descritas em Columbiformes.

Figura: 3. Fotomicrografias de oocistos esporulados de Eimeria labbeana, uma espécie de coccidio
recuperada de (A-D) Streptopelia decaocto, e (E-H) Columba palumbus de Portugal. Observe os corpos
refrateis anterior (arb) e posterior (prb), camada interna (il) e externa (ol) da parede do oocisto, micropila

(m), ntcleo (n), granulo polar (pg), residuo de esporocisto (sr) e o corpo Stieda (sb). Barrade escala: 10
pm.
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Eimeria dispersa (HG793048) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria purpureicephali (KU140598) - Purpureicephalus spurius (Psittaciformes: Psittacidae)
Eimeria innocua (KR108296) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria sp. AA0273 (MH777502) - Mus musculus (Rodentia: Muridae)
Eimeria ferreirai (MN326301) - Leptotila verreauxi (Columbiformes: Columbidae)
Eimeria sp. E6 Kirov (MG595963) - Tetrao urogallus (Galliformes: Phasianidae)
Eimeria sp. RY-2016a (KT305929) - Columba livia (Columbiformes: Columbidae)
Eimeria mephitidis (KT203398) - Mephitis mephitis (Carnivora: Mephitidae)
Eimeria bubonis (MN313609) - Bubo virginianus (Strigiformes: Strigidae)
Eimeria acervulina (KX094948) - Gallus gallus (Galliformes: Phasianidae
Eimeria anseris (MH758793) - Anser albifrons (Anseriformes: Anatidae)
l—— Fimeria macyi (MK284238) - Lasiurus borealis (Chiroptera: Vespertilionidae)
Eimeria sp. isolate 08 50 (JQ993706) - Apodemus sylvaticus (Rodentia: Muridae)
525EI_| Eimeria papillata (KT184377) - Mus musculus (Rodentia: Muridae)
66,691 Eimeria jerfinica (KU215501) - Apodemus agrarius (Rodentia: Muridae)
Eimeria vermiformis (MK257111) - Apodemus flavicollis (Rodentia: Muridae)
Eimeria sp. 2 VJD-2020 (MK257112) - Apodemus sp. (Rodentia: Muridae)
Eimeria alorani (KU215517) - Apodemus agrarius (Rodentia: Muridae)
Eimeria falciformis (HM771682) - Mus musculus (Rodentia: Muridae)
Eimeria apionodes (KU215481) - Apodemus agrarius (Rodentia: Muridae)
Eimeria kaunensis (KU215528) - Apodemus flavicollis (Rodentia: Muridae)
_I— Eimeria lancasterensis (KT361006) - Sciurus carolinensis (Rodentia: Sciuridae)
8,601 Eimeria sciurorum (KT361025) - Sciurus vulgaris (Rodentia: Sciuridae)
Eimeria labbeana (MT475826) - Columba palumbus (Columbiformes: Columbidae)
Eimeria labbeana (MT475825) - Streptopelia decaocto (Columbiformes: Columbidae)
Isospora serinuse (KR477879) - Serinus canaria (Passeriformes: Fringillidae)
Isospora serinuse (KX276860) - Serinus canaria (Passeriformes: Fringillidae)
_| | /sospora sp. isolate TurMe1 PT (MK573835) - Turdus merula (Passeriformes: Turdidae)
Isospora sp. isolate ParMa11 PT (MK573833) Parus major (Passeriformes: Paridae)
Isospora sp. isolate EriRu1 JT (MK573830) - Erithacus rubecula (Passeriformes: Muscicapidae)
Isospora erithaci (MK573837) - Erithacus rubecula (Passeriformes: Muscicapidae)
Isospora sp. EriRu1 PT (MK573838) - Erithacus rubecula (Passeriformes: Muscicapidae)
Isospora sp. JRB-2016 (KT203397) Garrulax chinensis (Passeriformes: Leiotrichidae)
Isospora erithaci (MK573839) - Erithacus rubecula (Passeriformes: Muscicapidae)
— Isospora sp. iSAT1 (FJ269357) - Sylvia atricapilla (Passeriformes: Sylviidae)
Eimeria nkaka (JQ993697) - Phataginus tricuspis (Pholidota: Manidae)
Isospora hypoleucae (FJ269363) - Ficedula hypoleuca (Passeriformes: Muscicapidae)
Eimeria magna (KF419217) - Oryctolagus cuniculus (Lagomorpha: Leporidae)
36,97 Eimeria media (KP025691) - Oryctolagus cuniculus (Lagomorpha: Leporidae)
Eimeria vejdovskyi (KP025692) - Oryctolagus cuniculus (Lagomorpha: Leporidae)
Eimeria columbinae (MN088854) - Columbina talpacoti (Columbiformes: Columbidae)
Toxoplasma gondii (KM657810)

71,7

—

—
0.02

Figura 4: Arvore de maxima verossimilhanca estimada a partir das sequéncias do gene COI de espéciesde
coccidios. Os numeros nos nos representam o suporte de bootstrap de 1000 réplicas (> 50%) para

Neighbour-Joining (NJ) e Maxima Verossimilhanc¢a (ML), respectivamente. A barra de escalarepresenta o
numero de substitui¢des de nucleotideos por local.
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Figura 5: Arvore de maxima verossimilhanca estimada a partir das sequéncias do gene 18S de espéciesde
coccidios. Os numeros nos nos representam o suporte de bootstrap de 1000 réplicas (> 50%) para
Neighbour-Joining (NJ) e Maxima Verossimilhang¢a (ML), respectivamente. A barra de escalarepresenta o
numero de substitui¢des de nucleotideos por local.
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Table 1. Morfologia comparativa de Eimeria spp. registrado em Columbiformes do mundo

Oocistos Esporocistos
Coccidio hospedeiro Localidade Referéncias comprimentoLarguraC/L ; . granulo ComprimentoLarguraC/L  Corpo Stieda Corpo ,
forma parede Residuo Micropila Forma Residuo
(um) (um)  razdo polar (pum) (um) razdo Substieda
subsférico a 1.0— 5-7
Pinto [21] . 17-21 16-18 Lisa ausénte  presente presente ovoide 11-14 (12.4) (14) - - presente
ovodide 1.1 (6.4)
Columba livia | dia. A 10
India, Asi .0—
Gmelin, 1789 ndi, Asia subsférico a 14-16
Nieschulz[11] = . 15-18 (16.7) 1.1  Lisa ausénte  ausénte presente elipsoidal — — - - presente ausénte presente
elipsoidal (15.3)
Eimeria (1.09)
labbeana Streptopelia 19
1.0- 9-
(Labbe, 1896) decaocto 16-21 14-17 5-7
X 14 11-14 (12.2)* 2.3
Pinto, 1928 Frivaldszky, (18.5)* (15.5)* ovéide ou (5.9)* presente,
Portugal, subsférico (1.19)* presente, 1— presente, (2.08)"
1838 current study Lisa ausénte ligeiramente triangular ausénte presente
Europa a elipsoidal 3 1-3
Columba 1.0- reniforme 1.8— proeminente
16-21 14-18 5-7
palumbus 1.3 10-14 (12.3)* 24
(19.0)* (15.9)* (6.0)*
Linnaeus, 1758 (1.20)* (2.04)*
. . 1 .07
Eimeria ) ) subsférico a 17-20
columbarum  C. livia India, Asia Nieschulz[11] sid 19-21 (20) (18.7) 1.1 Lisa ausénte  ausénte presente elipsoidal — — - - presente ausénte presente
ovoide .
Nieschulz, 1935 (1.07)
Eimeria
columbae Mitra ) ) Mitra and Das subsférico a
C. livia India, Asia . (16.4) (14.4) - - presente ausénte - elipsoidal  (7.2) “4.8) - - - presente
and Das Gupta, Gupta [26] ovoide
1937
presente,
Eimeria Treron Lisa com
. reniforme a 12-15 assimétrico amplamente 12—
sphenocercae  sphenurus India, Asia Ray [27] 17-25(19.2) - um dente ausénte - 17-19(17.5) - - - presente
elipsoidal (12.6) com capuz ovoide (12.5)
Ray, 1952 (Vigors, 1832) na lateral
polar
Eimeria kapotei
ymerta kapotet ) ) Chatterjee and 22-26 presente, presente, presente,
Chatterjee and C. livia India, Asia subsférico 24-30 (26.1) - - - . ovoide 8-10 - - presente -
Ray [28] (23.5) anterior 1-2 espalhado

Ray, 1969
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Streptopelia
Eimeria turturi

turtur
Golemansky,

(Linnaeus,
1976

1758)

Chalcophaps

indica
Eimeria (Linnaeus,
waiganiensis ~ 1758);
Varghese, 1978 Otidiphaps

nobilis (Gould,

1870)

Ducula
Eimeria duculai

spilorrhoa

Varghese, 1980
(Gray, 1858)

Eimeria gourai Goura victoria
Varghese, 1980 (Fraser, 1844)
Eimeria palumbiZenaida
McQuistion,  galapagoensis
1991 Gould, 1841

Columbina

talpacoti
Eimeria curvata

. (Temminck,

Adriano,

1809);
Thyssen and

Columbina
Cordeiro, 2000

squammata

(Lesson, 1831)

Bulgaria, Golemansky
Europa [29]
Papua Nova
Guiné, Varghese [30]
Oceania
Papua Nova
Guiné, Varghese [31]
Oceania
Papua Nova
Guiné, Varghese [31]
Oceania
Equador,
ilhas ..
McQuistion

Galapagos,

pag (32]
América do
sul
Brasil, .

Adriano et al.
América do
33]

Sul

elipsoidal
ou
23-29(26)
amplamnete
ovoide
amplamente 2225 (24)
ovoide
amplamente
B 26-31(28)
ovoide
subsférico 19-22 (20)
ovoéide a
L 22-27(24.2)
elipsoidal
ovoéide a
. 17-19 (18.3)
subsférico

18-25
(21.6)

19-23
22)

23-27

(25)

18-21
20)

19-24

(21.7)

15-17
(15.5)

- Lisa ~1.5 ausénte

1.2 Lisa~1.5ausénte
(1.1)
Lisa,1.5—
(1.1) ausénte
2.5(2.0)
Lisa,
1.0 ausénte
(1.0) 10
presente,
~ Lisa, granulos
1.2
~2.0 redondos
(1.16)
¢ lascados
a Lisa,
1.3 ausente
1.2)

ausénte ausénte

presente, 4—6 presente,

4) 2-4
) presente,
imperceptivel

presente
ausénte

1,~2.0
ausénte ausénte
ausénte presente

alongado,

elipsoidal

ovodide

alongado

alongado

elipsoidal

alongado

11-13

9-11 (10.0)

6-8

(7.0)

6-8

14-16 (15.5)
(72

10-13 (12.0)

15-17 (15.3)

11-13 (12.3)

46
(5.5)

89

(8.1)

5-6
(5.8)

1.8-
2.1
(1.9)

2.0~
22
(CRY)

ausénte -

presente, presente,

proeminente pequeno

presente,
proeminente, ausénte

conico

presente ausénte
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CONSIDERACOES FINAIS

No presente estudo pode-se observar a grande diversidade de espécies de coccidios no
Brasil e no mundo, identificadas novas espécies de coccidios dos géneros Eimeria e Isospora além
da redescrigcao de espécies descritas em outras décadas e até mesmo em outros séculos. Ao realizar
todas as analises pode-se concluir o quao importante as revisoes sdo para os estudos morfolégicos
¢ taxonomicos, trazendo novas informagdes ¢ muitas das vezes novas caracteristicas nao
observadas por outros pesquisadores da época, € na maioria por ndo existir tecnologias como as
atuais. Ao observar e realizar redescricdes das espécies pode-se descrever também novos
hospedeiros, confirmando a transmissdo dos coccidios a nivel de familia nas aves. Novas
localidades também pode ser observado novas localidades das espécies de coccidios, mostrando a
relevancia nos estudos ¢ conhecimentos de distribuicao dos coccidios.

O uso da biologia molecular foi um grande auxilio na descri¢ao taxondmicas, apoiando as
validacdes de espécies, além de fornecer dados para futuros trabalhos com abordagens

taxondmicas ou ecologicas.
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Abstract

A new species of coccidia (Protozoa: Apicomplexa: Eimeriidae) found parasitizing the yellow-legged thrush Turdus fla-
vipes (Vieillot, 1818), the pale-breasted thrush Turdus leucomelas Vieillot, 1818 and the creamy-bellied thrush Turdus
amaurochalinus Cabanis, 1850 in Southeastern Brazil is described. Isospora brasilsatoae n. sp. has oocysts that are ovoi-
dal to pyriform, 26.8 x 21.1 um, with smooth, bilayered wall, ~1.6 um thick. Micropyle present. Oocyst residuum absent,
but one to three polar granules are present. Sporocysts are elongate ovoidal, 18.1 x 10.5 um. Stieda body knob-like and
sub-Stieda body trapezoidal. Sporocyst residuum is composed of granules that appear to be membrane-bounded. Sporo-
zoites are vermiform with refractile bodies and striations. This is the ninth description of an Isospora sp. parasitizing a
New World thrush.

Key words: taxonomy, morphology, coccidia, Isospora, oocysts, Passeriformes, Turdidae, Itatiaia National Park, Serra
dos Orgdos National Park, Guapimirim, Cacaria, Rio de Janeiro, Brazil

Introduction

Brazil has 14% of the biodiversity of the world. The explanation for this biological richness lies in the large number
of endemic species, the enormous vegetation cover, the variety of biomes and the immense coastline (Lewinsohn &
Prado 2005). Brazil occupies 47.8% of the Neotropical region, being known as the 'country of the birds' for having
about a third of all species on the planet, representing almost 57% of the total resident birds of South America. In
this sense, Brazil becomes one of the most important countries for investment in bird conservation in the world
(Sick 1997; Lewinsohn & Prado 2005; Marini & Garcia 2005).

Among all families of Aves in Brazil, the Turdidae family comprises 20 genera and 180 species, of which 87
are classified in the genus Turdus Linnaeus, 1758. Turdus spp. are abundant in the Atlantic and Amazon forests,
preferably inhabiting humid areas with higher trees on slopes, but also found near the soil feeding on small fruits
and insects (Sick 1997; BirdLife International 2016).

Wild birds are hosts of endo- and ectoparasites; however, among all these, coccidian protozoa can be
highlighted. Parasitism by coccidians should not affect the health of wild birds in preserved/conserved
environments; however, in impacted environments, stress and consequent low immunity make wild birds more
susceptible to coccidiosis (Berto & Lopes 2013).

In this context, the current study describes a new species of Isospora recovered from yellow-legged thrushes
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Turdus flavipes (Vieillot, 1818), pale-breasted thrushes Turdus leucomelas Vieillot, 1818 and creamy-bellied
thrushes Turdus amaurochalinus Cabanis, 1850 captured in different localities in Southeastern Brazil.

Material and methods

A total of four expeditions were conducted in 3 different localities in southeastern Brazil: (1) Parque Nacional do
Itatiaia (22°26'57"S, 44°36'25"W), a protected area located in the Serra da Mantiqueira on the border of the States
of Rio de Janeiro, Minas Gerais and Sao Paulo (ICMBIO 2018a); (2) a fragmented area of Atlantic Forest in the
Municipality of Guapimirim (22°31'10"S, 43°00'36"W), which is located around Parque Nacional da Serra dos
Orgios, another protected area located in the coastal mountain range (Serra do Mar) of the State of Rio de Janeiro
(ICMBIO 2018b); and (3) Cacaria (22°42'51"S, 43°50'38"W) at the Municipality of Pirai in the State of the Rio de
Janeiro. A total of five T flavipes (four from Parque Nacional do Itatiaia and one from Cacaria), four 7. leucomelas
(two from Parque Nacional do Itatiaia and two from Guapimirim) and one 7. amaurochalinus (from Cacaria) were
captured with mist nets. The birds were kept in individual boxes with clean ground paper. After identification of the
species (Sigrist 2014), the bird was photographed and released. A fresh droplet of feces from each individual bird
was placed in an individually centrifuge tube with a potassium dichromate 2.5% (K,Cr,O,) solution. Field-
collecting permits were issued to B.P. Berto by SISBIO/ICMBio (licenses 42798-1; 45200-1; 49605-1; 54951-1)
and CEUA/UFRRIJ (protocols 1V-036/2014; ICBS-008/2015; 1V-6606250616). Fecal samples were taken to the
Laboratorio de Biologia de Coccidios, Departamento de Biologia Animal, Instituto de Ciéncias Bioldgicas e da
Saude, Universidade Federal Rural do Rio de Janeiro (UFRRJ), where they were incubated at room temperature
(20-25°C) for one week. Oocysts were recovered by flotation in Sheather’s sugar solution (Specific gravity: 1.20)
and examined microscopically using the technique described by Duszynski & Wilber (1997) and Berto et al.
(2014). Morphological observations, line drawings, photomicrographs, and measurements were made with the use
of an Olympus BX41 binocular microscope (Olympus Optical, Tokyo, Japan) coupled to a digital camera Eurekam
5.0 (BEL Photonics, Monza, Italy) connected to a computer running the software BELView (Version 6.2.3.0, BEL
Engineering, Monza, Italy). Line drawings were edited using two software applications from CoreIDRAW® (Corel
Draw Graphics Suite, Version 11.0, Corel Corporation, Canada), specifically Corel DRAW and Corel PHOTO-
PAINT. All measurements are in micrometres and are given as the range followed by the mean in parentheses.

Results

Two T. flavipes from the Parque Nacional do Itatiaia, one 7. leucomelas from Guapimirim and the only 7.
amaurochalinus from Cacaria were positive for an Isospora sp. unrecorded in scientific literature.

Isospora brasilsatoae Oliveira and Berto n. sp.

Type host: Yellow-legged thrush Turdus flavipes (Vieillot, 1818) (Aves: Passeriformes: Turdidae).

Other hosts: Pale-breasted thrush Turdus leucomelas Vieillot, 1818 (Aves: Passeriformes: Turdidae); creamy-
bellied thrush Turdus amaurochalinus Cabanis, 1850 (Aves: Passeriformes: Turdidae).

Type locality: Parque Nacional do Itatiaia (22°26'57"S, 44°36'25"W), Southeastern Brazil.

Other localities: Cacaria (22°42'51"S, 43°50'38"W) and Guapimirim (22°31'10"S, 43°00'36"W), also from
Southeastern Brazil.

Type-material: Photosyntypes, line drawing and oocysts recovered from 7. flavipes in 2.5% K,Cr,O, solution
(Williams et al. 2010) are deposited at the Museu de Zoologia at the Universidade Federal Rural do Rio de Janeiro,
Brazil, under accession number MZURPTZ2018007. Photomicrographs are also deposited and available (http://
rl.ufirj.br/labicoc/colecao.html) in the Parasitology Collection of the Laboratdério de Biologia de Coccidios, at
UFRRJ, under repository number P-90/2018. Photographs of the type-host specimen (symbiotype) are deposited in
the same collection.

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 (ICZN, 2012), details of the new species have been submitted
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to ZooBank. The Life Science Identifier (LSID) for Isospora brasilsatoae is urn:lsid:zoobank.org:act:6C3FEE82-
FC9C-4A58-8C17-1713532F03F3.

Site of infection: Unknown.

Prevalence: Four of 10 (40%).

Sporulation: Exogenous. All oocysts were passed in the feces unsporulated and were fully sporulated by day
7 in K,Cr,0O, solution at room temperature (20-25°C).

Etymology: The specific name is derived from the family name of a Brazilian parasitologist Dr Marilia de
Carvalho Brasil Sato, given in her honor for her contribution to the study of taxonomy and ecology of parasites.

Description (Figs 1; 2A-C)

Oocyst (n=15) ovoidal to pyriform, 25-30 x 19-23 (26.8 x 21.1); length/width (L/W) ratio 1.2-1.4 (1.27). Wall
bi-layered, delicate, 1.4-1.8 (1.6) thick, outer layer smooth, ¢.2/3 of total thickness. Micropyle present, without
micropyle cap, wrinkles or invagination of the in inner layer perceptible. Oocyst residuum absent, but 1 to 3
rounded polar granules are present. Sporocyst elongate ovoidal with tapered anterior end (where it is Stieda/sub-
Stieda complex), 17-19 x 10-11 (18.1 x 10.5); L/W ratio 1.6-1.9 (1.72). Stieda body present, knob-like, 2.0 high x
2.0 wide. Sub-Stieda body present, trapezoidal, 1.5 high x 3.5 wide. Para-Stieda body absent. Sporocyst residuum
present, as a distinctly sub-spherical body consisting of numerous small granules that appear to be membrane-
bounded, 6-9 (7.5). Sporozoites vermiform, with anterior and posterior refractile bodies and striations.

Remarks: Isospora brasilsatoae is different from other coccidian species of Turdidae of the New World on
several aspects (Table 1). It is the only one to have a pyriform shape of the oocysts. It has a micropyle, which is a
characteristic present only in the oocysts of Isospora albicollis Lainson and Shaw, 1989, Isospora sabiai Pinho,
Rodrigues, Silva, Lopes, Oliveira, Ferreira, Cardozo, Luz, Ferreira, Lopes and Berto, 2017 and Isospora
machadoae Pinho, Silva, Rodrigues, Lopes, Oliveira, Luz, Ferreira, Lopes and Berto, 2018 (Lainson & Shaw 1989;
Pinho et al. 2017a; 2017b; 2018). From these three, but also from the others, /. brasilsatoae can be easily
differentiated by having up to three rounded polar granules, sporocysts elongate ovoidal (L/W ratio > 1.6), sub-
Stieda body trapezoidal, and compact residuum.

Discussion

Turdus spp. captured in the current study belonged to forest species, which have similar feeding habits, such as
eating invertebrates in moist soil and feeding on fruits and berries (Vogel et al. 2014). Thus, the thrushes in the
anthropogenic environments may have altered their habits and they had a greater energy expenditure in the
adaptation to the different environment, predisposing them to transmissions and infections (Giraudeau et al. 2014).
In addition, studies such as de Souza et al. (1992) emphasize that forest environments present smaller birds with
predominantly frugivorous feeding habits, which tend to have higher prevalence and densities of coccidia. Despite
this, the fecal samples recovered from the thrushes of the current study were not excessively dense, and the birds
were apparently healthy, demonstrating that these birds did not suffer from coccidiosis, even in anthropogenic
environments.

The coccidian parasites of the host family Turdidae in the New World integrate one of the few groups of
coccidia to be well characterized and differentiated in the “World of Coccidia’. From the works of McQuistion &
Holmes (1988) and Lainson & Shaw (1989) to the most recent works in the 21st century, coccidian species in this
host family have been described accurately and in great detail. In this sense, species hardly identified as 1. sabiai,
which required many observations and morphometric evaluations for their characterization (Pinho et al. 2017b),
even species with prominent characteristics such as I. albicollis and I. machadoae are well differentiated (Lainson
& Shaw 1989; Pinho et al. 2018), as shown in Table 1.

Isospora brasilsatoae is an example of a coccidian species with very prominent characteristics, which
considerably facilitate its identification. In addition to the large size, the pyriform shape that is observed in the
great majority of its oocysts, added to the very elongated sporocyst with its tapered end (where it is Stieda/sub-
Stieda complex), allow the identification of /. brasilsatoae with accuracy.

Finally, the comparison of /. brasilsatoae with Isospora spp. described from the host family Turdidae in the
New World (Table 1) clearly supports the designation as a unique species. Therefore, I. brasilsatoae is considered
as new to science, being the ninth description in a New World thrush.
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FIGURE 1. Line drawing of the sporulated oocyst of Isospora brasilsatoae n. Sp, a new coccidium species recovered from the
yellow-legged thrush Turdus flavipes, the pale-breasted thrush Turdus leucomelas and the creamy-bellied thrush Turdus
amaurochalinus. Scale-bar: 10pm.
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FIGURE 2. Photomicrographs (A-C) of sporulated oocysts of Isospora brasilsatoae n. sp, a new coccidium species recovered
from the yellow-legged thrush Turdus flavipes (A), the pale-breasted thrush Turdus leucomelas (B) and the creamy-bellied
thrush Turdus amaurochalinus (C). Note the micropyle (m), polar granule (pg), Stieda body (sb), sub-Stieda body (ssb),
sporocyst residuum (sr), striations (str) and the refractile body (rb). Scale-bar: 10um.
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TABLE 1. Comparative morphology of Isospora spp. recorded from Turdidae of the New World

Coccidia

Isospora phaeornis
Levine, Van Riper
and Van Riper, 1980
Isospora robini
McQuistion and
Holmes, 1988
Isospora tucuruiensis
Lainson and Shaw,
1989

Isospora albicollis
Lainson and Shaw,
1989

I albicollis

Isospora zorzali
Keeler, Yabsley,
Gibbs, McGraw and
Hernandez, 2012
Isospora massardi
Lopes, Berto, Luz,
Galvdo, Ferreira and
Lopes, 2014
Isospora sabiai
Pinho, Rodrigues,
Silva, Lopes,
Oliveira, Ferreira,
Cardozo, Luz,
Ferreira, Lopes and
Berto, 2017
Isospora machadoae
Pinho, Silva,
Rodrigues, Lopes,
Oliveira, Luz,
Ferreira, Lopes and
Berto, 2018
Isospora brasilsatoae
Oliveira and Berto n.

sp.

Hosts

Mpyadestes obscurus
(Gmelin, 1789)
Turdus migratorius

Linnaeus, 1766

Turdus albicollis
Vieillot, 1818

T. albicollis

T. albicollis; Turdus
leucomelas
Vieillot, 1818

Catharus aurantiirostris Keeler et al.

(Hartlaub, 1850)

T. albicollis

T. albicollis; Turdus
rufiventris Vieillot,
1818; T. leucomelas;

Turdus flavipes Vieillot,

1818

T. albicollis

T. flavipes; T.

leucomelas; Turdus
amaurochalinus
Cabanis, 1850

Oocysts Sporogysts
Shape Length Width L/W  Wall Micropyle Polar granule Shape FEET Width L/'W Stieda Substieda body Residuum
(um)  (um) ratio (um)  (pm) ratio body
25-28 18-20 15-18 10-11
ellipsoidal 27) 19 - smooth absent present ovoidal (16) any - present present compact
ellipsoidal or 2028 1622 10-17  7-12
ovoid 23) (20) (1.2) smooth absent present ovoid (13.8) (9.0) (1.5)  nipple-like prominent compact
sub- 15-19 14-19 present, 10-13  7-10 diffuse or
spherical 17.3) (7.1 ~ smooth absent single, ~ 3 x 2 ellipsoidal (118) (84) nipple-like wide, 0.5 x 1.5 compact
. present, - _ nipple-like .
ovoidal ?224 25; 19-24 smooth present single, ~ 2.5 x ellipsoidal (1126 })5) ?l llg) - to bubble- wide, 1.0 x4 S:)f:;us:c(t)r
5 (203) 5 : ' shaped P
al 23-26 1822 1.2-14 " ) inale cllinsoidal 14-17 9-11 15156 knob(;ligelto7 e 15k diffuse or
ovoidal SMOo resen resent, single ellipsoida rounded, 1.7 wide, 1. .
(44) (19.7) (1.24) P p gle elip (154) (101) (1.52). compact
round to .
slightly 1624 15-21 (1.1) smooth absent present, ovoidal 1-18 7-11 (1.7)  nipple-like absent diffuse or
ovoid 19.7) (18.6) 1to2 (14.5) (8.5) compact
. present, 2 _ _1 ¢ knob-like to
sub- 15-21 14-19 1.0-11 smooth absent ellipsoidal ovoidal 13-16 8-11 14-18 rounded, I rounded, 1.5 x diffuse
spherical 18.6) (17.7) (1.1) granules, 1.5 x (14.8) (9.3) (1.6) 2 3.5
0.5
present, 1.5_p. 1 present, present,
sub- 17-27 1524 1.0-141.0-1.4 present, splinter-like or elongate 14-22 7-12 7~ knob-like, rounded to
spherical to inconspicuous or comma- ellipsoidal to . compact
ellipsoidal (20.9) (18.6) (1.12) (1.12) imperceptible shaped reniform (16.5) (9.2) (1.8) 05 x2.0 Zoglcal, 1.0 x
granules ’
1.0-12 present, 1 to 2, 12-14 flattened to
sub- 21-24 2023 7 “rough  present sub-spherical ellipsoidal 9-11  12-1.5 half-moon-  rounded, 1.5 x ¢ e
spherical (22.2) (21.2) (1.1). and robust (13.3) (9.7) (1.4) shaped,0.5 2.5
x 1.5
. 8 present,
ovoidal to 25-30 19-23 12-14 smooth present 1to3, elongate 17-19 10-11 1.6-1.9 knob-like, trapezoidal,  compact
piriform (268) (21.1) (1.27) rounded ovoidal (18.1) (10.5) (1.72) 2.0x2.0 1.5x3.5
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Abstract

Coccidia (Chromista: Miozoa: Eimeriidae) of columbiform birds (Aves: Columbiformes) have been described since the end of
the nineteenth century; however, some of these descriptions were poorly detailed or inconclusive. In this sense, the current work
makes a detailed taxonomic revision reconsidering and organizing 18 Eimeria spp. and two Isospora spp. previously described or
reported of Columbiformes. Along with this, a new species of Eimeria is morphologically and molecularly identified by the
mitochondrial cytochrome ¢ oxidase subunit 1 (COI) gene and by the 18S small subunit ribosomal RNA (18S) gene from the
ruddy ground-dove Columbina talpacoti (Temminck, 1809) in the Médio Paraiba region of the State of Rio de Janeiro, south-
eastern Brazil. Eimeria columbinae n. sp. has subspheroidal oocysts, 14.7 X 13.2 ym, with smooth, bi-layered wall, ~ 1.1 ym and
length/width ratio of 1.1. Micropyle and oocyst residuum are present, but polar granule is absent. Sporocysts are ellipsoidal to
slightly asymmetrical, 9.0 x 5.1 pm, with both Stieda and sub-Stieda bodies. Sporocyst residuum present and sporozoites with
refractile body and nucleus. This is the 19th description of an eimerian from Columbiformes in the World, and the second to have
a molecular identification of the COI and 18S genes.
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Introduction

The order Columbiformes brings together a total of 367 spe-
cies in only one family: the Columbidae (IUCN 2019). These
species have a worldwide distribution with 23 species occur-
ring in Brazilian territory (Piacentini et al. 2015). Considered a
synanthropic species, the ruddy ground-dove Columbina
talpacoti (Temminck, 1809) is quite abundant in urban centers
or anthropized regions. It is completely adapted to urban
areas, similarly to the common pigeon Columba livia
Gmelin, 1789, being found in large vertical buildings, squares,
and houses, where they forage for food. It was one of the first
species of Brazilian birds to adapt to the urban environment,
and presently, it is observed in larger numbers in urban areas
than in its original habitat (Sick 1997).

The columbiform birds are sometimes reported to have
a high rate of parasitism with many diverse parasite types,
including coccidia. Coccidia are obligate intracellular par-
asitic protozoa related to the intestinal parasites of the
most diverse groups of animals (Berto et al. 2014). The
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specific identification of the coccidians is based on the
morphology of the sporulated oocyst, and complemented
by approaches that include quantification of oocysts (oo-
cysts per gram of feces or per fecal drop), infection sites,
host specificity, ecological aspects, genotyping of specific
genes, etc. (Duszynski and Wilber 1997; Tenter et al.
2002; Berto et al. 2011).

The genus Eimeria Schneider, 1875 (Chromista:
Miozoa: Eimeriidae), is often found in Columbiformes,
although two Isospora spp. has also been reported from
this order (Varghese 1978a; JamriSka and Modry 2012;
Matsubara et al. 2017). These descriptions date from the
end of the nineteenth century;, however, some of these
were poorly detailed or inconclusive, resulting in a current
difficulty in identifying species based on the original de-
scriptions. In this sense, the current work makes a detailed
taxonomic revision reconsidering and organizing the
eimeriid species previously described of Columbiformes.
Along with this, a new species of Eimeria is morpholog-
ically and molecularly identified by the mitochondrial cy-
tochrome ¢ oxidase subunit 1 (COI) gene and by the 18S
small subunit ribosomal RNA (18S) gene from the ruddy
ground-dove C. talpacoti in the Médio Paraiba region of
the State of Rio de Janeiro, southeastern Brazil.

Materials and methods
Sample collection

Six expeditions were conducted in two different localities
in the Médio Paraiba Region of the State of Rio de
Janeiro, southeastern Brazil. The first expedition occurred
on July 2018 in a rural area at the District of Santa Rita de
Cassia in the Municipality of Barra Mansa, State of Rio
de Janeiro (27°2948" S, 44°09'45" W), which is a climax
ecological community. The last five expeditions were con-
ducted on August, September, October, and November
2018, and January 2019, on the campus of the Instituto
Federal de Educaco, Ciéncia e Tecnologia do Rio de
Janeiro, in the Municipality of Pinheiral, State of Rio de
Janeiro (22°31'37" S, 43°59'45" W), which is a commu-
nity in secondary succession in process of reforestation.
Mist nets were used for the capture of the birds. A total of
four ruddy ground-doves C. talpacoti were captured (one
from Barra Mansa and three from Pinheiral). The captured
birds were specifically identified (Sigrist 2014) and
photographed. Subsequently, the birds were kept in indi-
vidual boxes lined with clean paper until defecation, when
they were released at the same place of capture. Each
fresh droplet of feces from each individual bird was
placed individually in a centrifuge tube with a potassium
dichromate 2.5% (K,Cr,0O7) solution.

Morphological analyses

Samples were transported to the Laboratorio de Biologia de
Coccidios, Universidade Federal Rural do Rio de Janeiro
(UFRRJ). Samples were incubated in the centrifuge tubes
and regularly oxygenated by shaking, at room temperature
(~ 25 °C) for 10 days or until ~ 70% of the oocysts were
sporulated. Oocysts were isolated by flotation in Sheather’s
sugar solution (specific gravity 1.20) and examined micro-
scopically using the technique described by Duszynski and
Wilber (1997) and Berto et al. (2014). Morphological obser-
vations, line drawings, photomicrographs, and measurements
were made using an Olympus BX binocular microscope
(Olympus Optical, Tokyo, Japan) coupled to a digital camera
Eurekam 5.0 (BEL Photonics, Monza, Italy). Line drawings
were edited using two software applications from
CorelDRAW® (Corel Draw Graphics Suite, Version 11.0,
Corel Corporation, Canada), i.e., Corel DRAW and Corel
PHOTO-PAINT. All measurements are in micrometers and
are given as the range followed by the mean in parentheses.
The higher level classification used in the taxonomy of the
current work followed Ruggiero et al. (2015), which was re-
cently published and has been widely accepted.

Molecular analyses

An individual oocyst identified with the characteristic features
of the new species under light microscopy was isolated and
resuspended in PBS (Dolnik et al. 2009). DNA was extracted
from the oocysts using the Qiagen DNeasy Blood and Tissue
Kit (Qiagen, Sao Paulo, Brazil) according to the manufac-
turer’s instructions. In order to fully lyse the oocysts, four
freeze-thaw cycles were applied prior to the DNA extraction.
The PCR amplification for the COI gene was carried out using
anested PCR, as previously described by Dolnik et al. (2009)
and Yang et al. (2015). The external primers COIbF1 (5'-
GWT CAT TAG TAT GGG CAC ATC A-3") and COIbR1
(5-CCA AGA GAT AAT ACR AAR TGG AA-3') produced
a PCR product of 302 bp in size. The internal primes COIbF2
(5-GGG CAC ATC ATA TGA TGA C-3) and COIbR2 (5-
ATA GTA TGT ATC ATG TAR WGC AA-3') produced an
amplicon of 257 bp in size. The PCR reaction contained 12.5
UL of GoTaq® G2 Hot Start Colorless Master Mix (Promega)
(1x), 0.25 pL of each primer (0.2 pM), 3 pL of DNA (for
primary reaction) or 3 YL of primary PCR product (for the
secondary reaction) and 9 pL of Nuclease Free Water. Both
primary and secondary PCR were conducted using the same
cycling conditions: 1 cycle of 94 °C for 5 min, followed by 35
cycles of 94 °C for 30 s, 47 °C for 45 s, and 72 °C for 1 min
and a final extension of 72 °C for 5 min. The amplicons from
the second round of PCR were purified using the Qiagen
MinElute PCR Purfication (Qiagen, Sdo Paulo, Brazil). The
PCR amplification for the 18S gene was carried out with the
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primers SCAGGCTTGTCGCCCTGAATA-3" and 5'-CTGG
ACCTGGTGAGTTTCCC-3', which produce a PCR product
of'444 bp in size. These primers were drawn from sequences
of Isospora spp. available on the GenBank database. The PCR
reaction contained 12.5 HL of GoTaq® G2 Hot Start Colorless
Master Mix (Promega) (1x), 0.25 pL of each primer (0.2 pM),
3 UL of DNA, and 9 UL of Nuclease Free Water. PCR cycling
conditions were 1 cycle of 94 °C for 5 min, followed by 35
cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s and
a final extension of 72 °C for 5 min.

DNA sequence analyses

All PCR products were sequenced using the PCR forward and
reverse primers by Ludwig Biotechnology, using an ABI-
Prism 3500 Genetic Analyzer (Applied Biosystems, Foster
City, California) for Sanger sequencing. The results of the
sequencing reactions were analyzed and edited using the pro-
gram Chromas 2.6. Sequences were compared to each other
and with other coccidian parasites available on the GenBank
database using the Basic Local Alignment Search Tool
(BLAST). Phylogenetic trees were constructed for coccidian
species at the COI and 18S sequences for additional isolates
from GenBank. Alignment and parsimony analyses were con-
ducted using MEGA version 7 (Tamura et al. 2007). The evo-
lutionary history was inferred using the Neighbor-joining (NJ)
and maximum likelihood (ML) methods, and the distances
were computed using the Tamura-Nei method based on model
selection using ModelTest in MEGA 7. Initial trees for the
heuristic search were obtained automatically by applying
Neighbor-Join and BioNJ algorithms to a matrix of pairwise
distances estimated using the Maximum Composite
Likelihood approach, and then selecting the topology with
superior log likelihood value. Bootstrap analyses were con-
ducted using 1,000 replicates to assess the reliability of in-
ferred tree topologies.

Results
Description of the new species

Four C. talpacoti were captured, but only one bird was posi-
tive for coccidia. The observed oocysts were characteristic of
Eimeria; however, they did not share the same characteristics
with any Eimeria sp. previously reported from
Columbiformes (Figs. 1, 2, and 3; Table 1). Therefore, this
new species is described as follows:

Eimeria columbinae n. sp. Ortizar-Ferreira and Berto n. sp.
(Fig. 4A-E)

Kingdom: Chromista Cavalier-Smith, 1981

Phylum: Miozoa Cavalier-Smith, 1987

Infraphylum: Apicomplexa Levine, 1970

Class: Coccidiomorphea Doflein, 1901

Subclass: Coccidia Leuckart, 1879

Family: Eimeriidae Minchin, 1903

Genus: Eimeria Schneider, 1875

Oocyst (n = 20) subspheroidal to ellipsoidal, 13-16 x 12-
14 (14.7 x 13.2); length/width (L/W) ratio 1.0-1.2 (1.11).
Wall bi-layered, 1.0-1.2 (1.1 pm) thick, outer layer smooth,
c. 2/3 of total thickness. Micropyle inconspicuous, but percep-
tible where there is an invagination of the inner layer, 3.0-4.5
(3.8) wide. Oocyst residuum present, consisting of granules
partially bound and/or diffused among the sporocysts, which
appear to be membrane-bound. Polar granule absent.
Sporocyst ellipsoidal to slightly asymmetrical, 8-10 x 5-6
(9.0 x 5.1); L/W ratio 1.6-2.0 (1.77). Stieda body present,
flattened to half-moon-shaped, 0.2 high x 1.0 wide. Sub-
Stieda body present, rounded, 0.6 high x 1.3 wide. Para-
Stieda body absent. Sporocyst residuum present, consisting
of numerous spherules of different sizes. Sporozoites vermi-
form, with a posterior refractile body and a central nucleous.

Taxonomic summary

Type host: Columbina talpacoti (Temminck, 1809) (Aves:
Columbiformes: Columbidae), ruddy ground-dove.

Type locality: District of Santa Rita de Cassia (27°29'48" S,
44°09'45" W), Municipality of Barra Mansa, State of Rio de
Janeiro, Southeastern Brazil.

Type-material: Photosyntypes, line drawing and oocysts
recovered from C. talpacoti in 2.5% K;Cr,O7 solution
(Williams et al. 2010) are deposited at the Museu de
Zoologia at the Universidade Federal Rural do Rio de
Ja neiro, Brazil, und er acc essio nn u mb er
MZURPTZ2019015. Photomicrographs are also deposited
and available (http://rl.ufirj.br/labicoc/colecao.html) in the
Parasitology Collection of the Laboratério de Biologia de
Coccidios, at UFRRJ, under repository number P-93/2019.
Photographs of the type-host specimen (symbiotype) are de-
posited in the same collection.

Representative DNA sequence: DNA amplification of the
COI and 18S genes showed clear bands around ~ 250 bp and ~
400 bp, respectively. Representative COI and 18S sequences
were deposited in the GenBank database under the respective
accession numbers MN088854 and MN082528.

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 (ICZN
2012), details of the new species have been submitted to
ZooBank. The Life Science Identifier (LSID) for Eimeria
columbinae n. sp. is urn:lsid:zoobank.org:act:D861188C-
D367-444E-87E7-64586EBSF2CA

Site of infection: Unknown.

Prevalence: 1 of 4 (25%).


http://r1.ufrrj.br/labicoc/colecao.html
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Fig. 1 Line drawings of
sporulated oocysts of Eimeriidae
species recorded from
Columbiformes. Isospora
gallicolumbae (A). Isospora sp.of
Matsubara et al. (2017) (B).
Eimeria labbeana (C). Eimeria
columbarum (D). Eimeria
columbae. (E). Eimeria
sphenocercae (F). Eimeria
kapotei (G). All to same scale.
Scale bar 10 pm

Sporulation: Exogenous. All oocysts were passed in the
feces unsporulated and were fully sporulated by day 4 in
K>Cr,0y solution at room temperature (20-25 °C).

Etymology: The specific epithet is derived from the generic
name of the type host.

Phylogenetic analysis

Phylogenetic analysis included sequences from coccidians
available in GenBank (Figs. 5 and 6). Toxoplasma gondii
(Nicolle and Manceaux, 1908) was used as the outgroup. In

Fig. 2 Line drawings of
sporulated oocysts of Eimeriidae
species recorded from
Columbiformes. Eimeria turturi
(A). Eimeria waiganiensis (B).
Eimeria duculai (C). Eimeria
gourai (D). Eimeria palumbi (E).
Eimeria curvata (F). Eimeria
zenaidae (G). All to same scale.
Scale bar 10 pm

the phylogenetic analysis based on the COI gene (Fig. 5),
E. columbinae n. sp. sat in a clade with the similarity of
98.5% with an Isospora sp. recovered from the snow bunting
Plectrophenax nivalis (Linnaeus, 1758) in the Czech Republic
(Trefancova et al. 2019). Other Isospora spp. from birds of the
Old World, but also from the New World, as Isospora
sporophilae Carvalho-Filho, Meireles, Ribeiro and Lopes
2005 from Sporophila frontalis (Verreaux, 1869) in Brazil
(Rodrigues et al. 2019), sat in neighboring clades. The simi-
larity in comparison with Eimeria sp. of Yang et al. (2016)
was 95%. This isolate is the only Eimeria sp. from
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Fig. 3 Line drawings of
sporulated oocysts of Eimeriidae
species recorded from
Columbiformes. Eimeria janovyi
(A). Eimeria livialis (B). Eimeria
columbapalumbi (C). Eimeria
mauritiensis (D). Eimeria lyoni
(E). Eimeria sp. (F). Eimeria
columbinae 1. sp. (G). All to
same scale. Scale bar 10 pm

Columbiformes with COI sequence deposited in the
GenBank; however, this species sat in a clade distant of
E. columbinae n. sp. in this phylogenetic analysis. In the
18S based phylogenetic analysis (Fig. 6), E. columbinae n.
sp. sat in a clade composed of all coccidians from
Columbiformes deposited in the GenBank, with the similarity
of 100% with Eimeria sp. of Yang et al. (2016). Neighboring
clades were composed of Eimeria spp. from non-columbiform
birds, such as parrots, turkeys, and chickens, with a similarity
of ~ 99.5%; and by Cyclospora spp. and Eimeria spp. from
mammals, such as primates, bats, rodents, and ruminants, with
a similarity of ~ 99.3%.

Discussion

Taxonomic revision of eimeriid species
of Columbiformes and their comparisons
with E. columbinae n. sp.

As evidenced in studies on coccidian taxonomy, there seems
to be a specificity at the family level in the coccidian parasit-
ism of the class Aves, mainly in the order Passeriformes
(Duszynski and Wilber 1997; Berto et al. 2011). In fact, this
is not problematic in the current study, since the order
Columbiformes has only one family: Columbidae.
Therefore, it would be highly unlikely that there would be a
cross-transmission of coccidians between birds of different
orders, in this case, a coccidian from a non-columbiform in-
fects a columbiform bird.

In this context, Eimeria columbinae n. sp. was compared in
detail with coccidian species that parasitize birds belonging to

Columbiformes (Figs. 1, 2, and 3; Table 1). To date, there are
20 Eimeriidae species reported from the family Columbidae,
being 18 Eimeria spp. and two Isospora spp.

Isospora gallicolumbae Varghese (Fig. 1A), was described
from the western bronze ground-dove Alopecoenas beccarii
(Salvadori, 1876) in Papua, New Guinea (Varghese 1978a).
Doubts arise as to the validity of this species due to the atyp-
ical parasitism of Isospora spp. out of the passerine birds.
These doubts are favored after the latest reports of
pseudoparasitism of Isospora spp. in rodents and other ani-
mals that ingest feces of passerines and shed isosporan oocysts
as pseudoparasites in their feces (Trefancova et al. 2019). In
addition, Varghese (1978a) did not detail the morphology of
this species nor did it present photomicrographs, although this
author observed and measured 50 oocysts. In this sense, it
would be important that this species was re-examined for val-
idation and for its morphology, and other biological, ecologi-
cal, and molecular characteristics be complemented.

Recently, Matsubara et al. (2017) reported an Isospora sp.
(Fig. 1B) from domestic pigeons C. /ivia in Japan, becoming
the second report of an Isospora sp. from Columbiformes in
the scientific literature. Matsubara et al. (2017) presented a
photomicrograph, a line drawing and a reasonable morpho-
logical description of the oocysts, as well as the molecular
identification of the 18S and 28S large subunit ribosomal
RNA (28S) genes. The low number of oocysts observed and
a poorly detailed morphology may have prevented the naming
of a new species, since this Isospora sp. was not
taxonomically named in this work. It is noteworthy that the
photomicrography presented in Matsubara et al. (2017) clearly
shows, even if unfocused, an inclusion in the sub-Stieda body,
which is a common feature in Isospora spp. of sparrows, but



Table 1  Comparative morphology of Eimeriidae species recorded from Columbiformes of the World
Coccidia Hosts Locality References Oocysts
Shape Length (pm)  Width (ym)  L/W ratio Wall Residuum
Isospora gallicolumbae  Alopecoenas beccarii Oceania, Papua New Varghese (1978) Ellipsoidal 18-21(20.0)  15-17(16.0) 1.1-1.2(1.2) Smooth,~0.8  Absent
Varghese, 19/% (Salvadorl, 18/6) Gumnea
Isospora sp. of Matsubara Columba livia Gmelin, Asia, Japan Matsubara et al. Subspheroidal — 24-27 (25.6) 23-26(24.7) 1.0-1.1 Smooth Absent
etal. (2U17) 1789 (2017)
Eimeria labbeana C. livia Asia, India Pinto (1928) Subspheroidal  17-21 16-18 1.0-1.1 Smooth Absent
(Labbe, 1896) Pinto, to ovoidal
1928 Nieschulz Subspheroidal ~ 15-18 (16.7) 14-16(15.3) 1.0-1.1 Smooth Absent
(1935) to ellipsoidal (1.09)
Eimeria columbarum C. livia Asia, India Nieschulz Subspheroidal ~ 19-21 (20) 17-20 (18.7) 1.0-1.1 Smooth Absent
Nieschulz, 1935 (1935) to ovoidal (1.07)
Eimeria columbae Mitra  C. livia Asia, India Mitra and Das ~ Subspheroidal ~ (16.4) (14.4) - - Present
and Das Gupta, 1937 Gupta (1937) to ovoidal
Eimeria sphenocercae Treron sphenurus Asia, India Ray (1952) Rhiniform to 17-25(19.2)  12-15(12.6) - Smooth witha  Absent
Ray, 1952 (Vigors, 1832) ellipsoidal lateral dent
Eimeria kapotei C. livia Asia, India Chatterjeeand ~ Subspheroidal  24-30 (26.1)  22-26(23.5) - - -
Chatterjee and Ray, Ray (1969)
1969
Eimeria turturi Streptopelia turtur Europe, Bulgaria Golemansky Ellipsoidal or 23-29 (26) 18-25(21.6) - Smooth, ~ 1.5  Absent
Golemansky, 1976 (Linnaeus, 1758) (1976) broadly
ovoidal
Eimeria waiganiensis Chalcophaps indica Oceania, Papua New Varghese (1978) Broadly ovoidal 22-25 (24) 19-23 (22)  1.1-1.2(1.1) Smooth,~ 1.5  Absent
Varghese, 1978 (Linnaeus, 1758); Guinea
Otidiphaps nobilis
(Gould, 1870)
Eimeria duculai Ducula spilorrhoa Oceania, Papua New Varghese (1980) Broadly ovoidal 26-31 (28) 23-27(25)  (1.1) Smooth, 1.5-2.5 Absent
Varghese, 1980 (Gray, 1858) Guinea 2.0)
Eimeria gourai Varghese, Goura victoria (Fraser, Oceania, Papua New Varghese (1980) Subspheroidal — 19-22 (20) 18-21 (20)  (1.0) Smooth,~ 1.0  Absent
1980 1844) Guinea
Eimeria palumbi Zenaida galapagoensis South America Ecuador, McQuistion Ovoidal to 22-27(24.2) 19-24(21.7) 1.0-1.2 Smooth, ~2.0  Present, round to
McQuistion, 1991 Gould, 1841 Galapagos Islands (1991) ellipsoidal (1.16) splinter-like
granules
Eimeria curvata Adriano, Columbina talpacoti South America, Brazil ~ Adriano et al. Ovoidal to 17-19 (18.3) 15-17(15.5) 1.1-1.3(1.2) Smooth,~ 1.3  Absent
Thyssen and Cordeiro,  (Temminck, 1809); (2000) ellipsoidal
2000 Columbina squammata
(Lesson, 1831)
Eimeria zenaidae Zenaida auriculata South America, Brazil ~ Adriano et al. Subspheroidal = 22-26 (23.8) 19-22(20.3) (1.2) Rough, ~ 1.7 Absent
Adriano, Thyssen and (Des Murs, 1847) (2003)
Cordeiro, 2003
Eimeria janovyi C. livia Asia, India Bandyopadhyay Ellipsoidal (24.3) (19.8) (1.2) Smooth,~1.1  Absent
Bandyopadhyay, et al. (2006)
Bhakta and Shukla,
2006
Eimeria livialis Alyousif, C. livia Asia, Saudi Arabia Alyousifetal.  Elongate 19-23 (21) 14-17 (15)  (1.2) Smooth,1-1.3 Present,
Al-Shawa and (2009) ellipsoidal (1.2) irregular
Al-Asiri, 2009 globules
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Table 1 (continued)

Coccidia Hosts Locality References Oocysts
Shape Length (pm)  Width (um)  L/W ratio Wall Residuum

Eimeria columbapalumbi  Columba palumbus Europe, Czech and JamriSka and Ellipsoidal 17-24 (21.3) 15-18(16.9) 1.0-1.4 Smooth, 0.6-1.5 Absent
JamriSka and Modry, (Linnaeus, 1758) Slovak Republics Modry (2012) (1.26) 0.9)

2012

Eimeria mauritiensis Nesoenas mayeri Africa, Madagascar Ball et al. (2012) Subspheroidal  18-22 (19.7) 16-19(17.8) 1.0-1.2(1.1) Smooth,~0.8  Absent
Ball, Daszak, (Prévost, 1843)

Swinnerton, Jones and
Snow, 2012

Eimeria lyoni Yabsley, Zenaida macroura North America, USA Yabsley et al. Subspheroidal  23-26 (24.2) 20-22(20.7) 1.1-1.3(1.2) Smooth,~1.0  Absent
Bailey and Adams, (Linnaeus,1758) (2015) to ovoidal
2015

Eimeria sp. of Yang C. livia Oceania, Australia Yanget al. Subspheroidal ~ 19-22 (20.2) 16-19 (16.1) (1.38) Smooth,~1.0  Present
etal. (2016) (2016)

Eimeria columbinae C. talpacoti South America, Brazil ~ Current work Subspheroidal ~ 13-16 (14.7)  12-14(13.2) 1.0-1.2 Smooth, 1.0-1.2 Present,
Ortizar-Ferreira and to elipsoidal (1.11) (1.1) granules
Berto n. sp. bonded

and/or dif-
fused

Coccidia Oocysts Sporocysts

Micropyle Polar granule Shape Length (um) Width (ym)  L/W ratio Stieda body Substiedabody Residuum

Isospora gallicolumbae ~ Absent Present, 1 ovoidal, Ovoidal 10-13 (12.0) 7-9(8.0) Present, conical Absent Present, compacted
Varghese, 1978 ~2.5

Isog{)gfﬁg.l%Matsubara Absent Absent Ovoidal 18-21(19.5) 10-12(11.2) 1.6-2.0 Present, nipple-like Present Present, scattered

Eimeria labbeana Present Present Ovoidal 11-14 (12.4) 5-7(6.4) (1.4) - - Present, compacted
(Labbe, 1896) Pinto, ~ Absent Present Ellipsoidal - - - Present Absent Present
1928

Eimeria columbarum Absent Present Ellipsoidal - - - Present Absent Present
Nieschulz, 1935

Eimeria columbae Mitra ~ Absent - Ellipsoidal (7.2) (4.8) - - - Present
and Das Gupta, 1937

Eimeria sphenocercae Present, - Broadly ovoidal ~ 17-19 (17.5) 12-14(12.5) - - - Present
Ray, 1952 asymmetrical, with

micropyle cap

Eimeria kapotei Present, anterior Present, 1-2 Ovoidal 8-10 - - Present - Present, scattered
Chatterjee and Ray,

1969

Eimeria turturi Absent Absent Elongate 11-13 6-8 - Absent - Present, scattered
Golemansky, 1976 ellipsoidal

Eimeria waiganiensis Present, 4-6 (5) Present, 2-4 Ovoidal 9-11(10.0) 6-8(7.0) - Present, prominent Present, small ~ Present, scattered
Varghese, 1978

Inconspicuous Present, 1,~2.0 Elongate 14-16 (15.5) 6-8(7.2) - Absent
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Table 1 (continued)

Coccidia Oocysts Sporocysts
Micropyle Polar granule Shape Length (um) Width (ym)  L/W ratio Stieda body Substieda body Residuum

Eimeria duculai Present, prominent, Present, compacted,

Varghese, 1980 conical membrane--
bounded

Eimeria gourai Varghese, Absent Present, 1,~2.0 Elongate 10-13 (12.0) 4-6(5.5) - Present Absent Present, compacted
1980

Eimeria palumbi Absent Absent Ellipsoidal 15-17 (15.3) 8-9(8.1) 1.8-2.1(1.9)  Present, nipple-like Absent Present, scattered
McQuistion, 1991

Eimeria curvata Adriano, Absent Present Elongate 11-13(12.3) 5-6(5.8) 2.0-2.2(2.1)  Present, Absent Present, compacted
Thyssen and Cordeiro, protuberant,
2000 nipple-like

Eimeria zenaidae Absent Present, 1 Elongate 12-14 (13.1) 7-8(7.4) 1.7-1.9 (1.8)  Present, large Absent Present, scattered
Adriano, Thyssen and
Cordeiro, 2003

Eimeria janovyi Absent Present, 1, Pyriform (12.1) (10.1) (1.2) Present, large, Absent Present, scattered
Bandyopadhyay, subspheroidal prominent
Bhakta and Shukla,
2006

Eimeria livialis Alyousif, Absent Absent Ellipsoidal 9-12 (10.6) 6-8(6.7) (1.6) Present, small, Absent Present, scattered
Al-Shawa and nipple-like
Al-Asiri, 2009

Eimeria columbapalumbi ~ Absent Present, 2 irregular, Elongate ovoidal, 11-16 (13.5) 6-7 (6.5) 1.7-2.2(1.9)  Present Absent Present, scattered
JamriSka and Modry, ~2.0 slightly
2012 asymmetrical

Eimeria mauritiensis Absent Absent - 8-14(12.0) 6-7(6.6) - Present Present Present
Ball, Daszak,
Swinnerton, Jones and
Snow, 2012

Eimeria lyoni Yabsley, Absent Present, 1-2 Ovoidal 12-14 (12.4) 7-8(7.3) 1.5-1.9(1.7) Present, knob-like  Present, rounded Present, scattered,
Bailey and Adams, granules of ~ 1.0
2015

Eimeria sp. of Yang Absent Present Elongate ovoidal 12-15(13.0) 5-7(6.1) 2.0-2.2(2.1)  Present Absent Present, compacted
et al. (2016)

Eimeria columbinae Inconspicuous Absent Ellipsoidal to 8-10 (9.0) 5-6 (5.1) 1.6-2.0 (1.77) Present, flattened to Present, rounded Present, scattered
Ortuzar-Ferreira and slightly half-moon--
Berto n. sp. asymmetrical shaped

soy [olIseseq
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Fig. 4 Line drawing (A) and
photomicrographs (B-E) of
sporulated oocysts of Eimeria
columbinae n. sp. recovered from
the ruddy ground-dove
Columbina talpacoti. Note the
inner (il) and outer (ol) layer of
the oocyst wall, micropyle (m),
oocyst residuum (or), refractile
body (rb), Stieda body (sb), and
sub-stieda (ssb) bodies. Scale bars
5 Hm

uncommon in other groups (Grulet et al. 1982). This charac-
teristic feature was included in the redrawing of this species in
the current work.

FEimeria labbeana (Labbe, 1896) Pinto, 1928 (Fig. 1C),
was the first eimerian parasite described from
Columbiformes. Labbe (1896) originally described this
species as Coccidium pfeifferi Labbe, 1896, until Pinto

95,97

e
0.05

Fig. 5 Maximum likelihood tree estimated from the COI gene sequences
of eimeriid species. Numbers at nodes represent bootstrap support 1000
replicates (> 50%) for Neighbor-joining (NJ) and maximum likelihood

(1928) corrected its nomenclature by passing the species
to the genus FEimeria; however, as the name FEimeria
pfeifferi Labbe, 1896, was already in use for a parasite of
a centipede of genus Geophilus Leach, 1814, by the law of
priority, the species was renamed to E. labbeana. Several
columbiform species are recorded as hosts for this species:
the common pigeon Columba livia Gmelin, 1789; the

Isospora superbusi strain MTZ2 (KT203396) - Lamprotornis superbus (Passeriformes: Sturnidae)

Isospora sp. (JQ993711) - Apodemus flavicollis (Rodentia: Muridae)

Isospora tristis (KY344443) - Acridotheres tristis (Passeriformes: Sturnidae )

Isospora butcherae (KY801687) - Zosterops lateralis (Passeriformes: Zosteropidae)

Isospora sp. isolate 27TMA_RO (MH698552) - Microtus arvalis (Rodentia: Cricetidae)

Isospora sp. MAH-2013a strain MTZ1 (KF648868) - Lamprotornis superbus (Passeriformes: Sturnidae)

Isospora greineri (KR108298) - Lamprotornis superbus (Passeriformes: Sturnidae)

~ Eimeria vejdovskyi (KP025692) - Oryctolagus cuniculus (Lagomorpha: Leporidae)

Eimeria intestinalis (KP009592) - Oryctolagus cuniculus (Lagomorpha: Leporidae)

Eimeria magna (JQ993695) - Oryctolagus cuniculus (Lagomorpha: Leporidae)

B Eimeria intestinalis (JQ993693) - Oryctolagus cuniculus (Lagomorpha: Leporidae)

b— /sospora sp. isolate 60MG TYM (MH698556) - Myodes glareolus 'pseudoparasite’ (Rodentia: Cricetidae)

Isospora sp. isolate 57MG TYM (MH698555) - Myodes glareolus "pseudoparasite’ (Rodentia: Cricetidae)

6 @I— Isospora sp. isolate IPlen2AM (MH698551) - Plectrophenax nivalis (Passeriformes: Calcariidae)
Eimeria columbinae n. sp. (MN088854) - Columbina talpacoti (Columbiformes: Columbidae)

—Isospora sporophilae (MH464545) - Sporophila frontalis (Passeriformes: Thraupidae)

Isospora sp. isolate 89MG TYM (MH698557) - Myodes glareolus 'pseudoparasite’ (Rodentia: Cricetidae)

b [5OSpOra manorinae (KT224377) - Manorina flavigula (Passeriformes: Meliphagidae)

Isospora sp. JCI-2015 isolate ISC15 (KP688319) - Sylvia conspicillata (Passeres: Sylviidae)

Isospora sp. JCI-2015 isolate ISC11 (KP688316) - Sylvia conspicillata (Passeres: Sylviidae)

Isospora sp. JCI-2015 isolate ISC12 (KP688317) - Sylvia conspicillata (Passeres: Sylviidae)

Eimeria sp. RY-2016a (KT305929) - Columba livia (Columbiformes: Columbidae)

Eimeria innocua (HG793049) - Meleagris gallopavo (Galliformes: Phasianidae)

Eimeria purpureicephali (KU140598) - Purpureicephalus spurius (Psittaciformes: Psittacidae)

Eimeria dispersa (HG793048) - Meleagris gallopavo (Galliformes: Phasianidae)

L /sospora serinuse (KR477879) - Serinus canaria (Passeriformes: Fringillidae)

Toxoplasma gondii (KM657810)

(ML), respectively. Scale bar represents the number of nucleotide substi-
tutions per site
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Eimeria praecox (FJ236371) - Gallus gallus (Galliformes: Phasianidae)
Eimeria brunetti (U67116) - Gallus gallus (Galliformes: Phasianidae)
Eimeria acervulina (KT184333) - Gallus gallus (Galliformes: Phasianidae)
Eimeria praecox (KT184352) - Gallus gallus (Galliformes: Phasianidae)
Eimeria brunetti (KT184337) - Gallus gallus (Galliformes: Phasianidae)
Eimeria tenella (KT184354) - Gallus gallus (Galliformes: Phasianidae)
Eimeria necatrix (KT184349) - Gallus gallus (Galliformes: Phasianidae)
Eimeria maxima (FJ236330) - Gallus gallus (Galliformes: Phasianidae)
= Eimeria sp. DAM-2009 (FN298443) - Dendrocopos leucotos (Piciformes: Picidae)
Eimeria sp. isolate E1 Kirov (MG825664) - Lyrurus tetrix (Galliformes: Phasianidae)
=1 Eimeria dispersa (KT184338) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria purpureicephali (KU140597) - Purpureicephalus spurius (Psittaciformes: Psittacidae)
Eimeria innocua (HG793045) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria sp. RY-2016a (KT305927) - Columba livia (Columbiformes: Columbidae)
Eimeria columbinae n. sp. (MN082528) - Columbina talpacoti (Columbiformes: Columbidae)
Isospora sp. Tokyo (AB757864) - Columba livia (Columbiformes: Columbidae)
_[ Cyclospora cayetanensis (KX618190) - Homo sapiens (Primates: Hominidae)
C

71,74

yclospora cercopitheci (AF111185) - Chlorocebus aethiops (Primates: Cercopithecidae)
Cyclospora macacae (KX019756) - Macaca mulatta (Primates: Cercopithecidae)

= Eimeria sciurorum (KT360994) - Sciurus vulgaris (Rodentia: Sciuridae)

_| Eimeria rioarribaensis (LC371915) - Eptesicus nilssonii (Chiroptera: Vespertilionidae)

Eimeria subspherica (LC271171) - Bos taurus (Artiodactyla: Bovidae)

Eimeria bukidnonensis (AB769601) - Bos taurus (Artiodactyla: Bovidae)

Eimeria sp. isolate CJ114MG LIT CZ (MH698571) - Myodes glareolus (Rodentia: Cricetidae)
Eimeria apionodes (KU192947) - Apodemus spp. (Rodentia: Muridae)

Eimeria kaunensis (KU192932) - Apodemus spp. (Rodentia: Muridae)

0.005

Fig. 6 Maximum likelihood tree estimated from the 18S gene sequences
of eimeriid species. Numbers at nodes represent bootstrap support 1000
replicates (> 50%) for Neighbor-joining (NJ) and maximum likelihood

Eurasian collared-dove Streptopelia decaocto Frivaldszky,
1838; the oriental turtle-dove Streptopelia orientalis
(Latham, 1790); and the laughing dove Spilopelia
senegalensis (Linnaeus, 1766) (Labbe 1896; Nieschulz
1935; Hunt and O’Grady 1976; Abdel-Ghaffar et al.
1986). Bhatia et al. (1972) described Eimeria choudari
Bhatia et al. 1972, in a study with birds and mammals
of the Delhi Zoo, in India; however, this species was
recorded as a synonym of E. labbeana due to the taxo-
nomical equivalences between their descriptions
(Duszynski et al. 2000). Eimeria columbinae n. sp. has
smaller measurements than E. labbeana, besides diver-
gence regarding the presence of a sporocyst residuum
and sub-Stieda body (Figs. 1, 2, and 3; Table 1).
Eimeria columbarum Nieschulz, 1935 (Fig. 1D) was the
second Eimeria sp. described from common pigeons C. /ivia
also in India. The work of Nieschulz (1935) was well written,
describing the new species in detail and distinguishing it from
E. labbeana, which was the only previously reported species
of Columbiformes. Decades later, Malhotra and Ray (1961)
described Eimeria tropicalis Malhotra and Ray, 1961, from
this same host species also in India; however, its oocysts were
morphologically equivalent to E. columbarum, being there-
fore considered a synonym (Duszynski et al. 2000). As in

Toxoplasma gondii (L24381)

(ML), respectively. Scale bar represents the number of nucleotide substi-
tutions per site

the comparison with E. labbeana, E. columbinae n. sp. also
has even smaller dimensions of oocyst and sporocyst than
E. columbarum (Figs. 1,2, and 3; Table 1).

Eimeria columbae Mitra and Das-Gupta, 1937 (Fig. 1E),
did not obtain the same detailed morphological description
and line drawing as observed in the work of Nieschulz
(1935). Although the biological cycle and the endogenous
forms were characterized, the oocysts were not prioritized in
the morphological description allowing a reliable retrospec-
tive identification of this species (Mitra and Das-Gupta
1937). The sporocysts were drawn without a Stieda body
and with a size disproportionate in relation to the oocyst,
establishing this species morphologically uncommon, or it
was drawn from the observation of sporocysts in a non-
longitudinal position, which is potentially possible (Berto
et al. 2014). In addition, photomicrographs were not pre-
sented for analysis. Also, this species was redrawn from
the original line drawing, only including a small flattened
Stieda body; otherwise, this species could not be an Eimeria
sp. (JirkLoJ et al. 2002; Berto et al. 2014). It is important that
samples be collected from this same host species in India to
validate this species. Thus, this species is different from
E. columbinae n. sp. by the size and proportion of oocysts
and sporocysts (Figs. 1, 2, and 3; Table 1).
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Eimeria sphenocercae Ray, 1952 (Fig. 1F), was described
from the wedge-tailed green-pigeon Treron sphenurus
(Vigors, 1832) in Mukteshwar, in the district of Uttarakhand,
India (Ray 1952). This is the most distinguishable species
among the eimerians from Columbiformes. The shape
rhiniform to ellipsoidal with a lateral dent is a morphological
pattern very atypical within the coccidia of the World, as can
be observed in the morphological comparisons showed in
Figs. 1, 2, and 3. In this sense, this species is different from
E. columbinae n. sp. in several characteristic features, but
mainly due to its unique shape (Figs. 1, 2, and 3; Table 1).

Eimeria kapotei Chatterjee and Ray, 1969 (Fig. 1G), was
another example of a minimally described species, which sig-
nificantly impaired the possibility of its later identification,
especially in present times. In addition, Duszynski et al.
(2000) considered this species as a probable synonym of
E. labbeana; however, the size of the oocysts of E. kapotei
is distinctly larger and have been described with a discernible
micropyle. Therefore, in the current work, this species was
drawn based on the original description, with the hope that it
can be identified again, validated and possibly re-described. In
comparison with E. columbinae n. sp, E. kapotei has larger
oocysts, besides having a discernible micropyle and polar
granules (Figs. 1, 2, and 3; Table 1).

Eimeria turturi Golemansky, 1976 (Fig. 2A) was an
eimerian described from wild doves from Bulgaria, specifical-
ly the European turtle-dove Streptopelia turtur (Linnaeus,
1758), which is a species categorized as “vulnerable” by the
International Union for Conservation of Nature and Natural
Resources-IUCN (IUCN 2019). This information makes its
eimerian very relevant for wildlife conservation; however, this
coccidian species has not been reported since its original de-
scription by Golemansky (1976). Eimeria columbinae n. sp.
has smaller oocysts than E. turturi, in addition to having a
micropyle and oocyst residuum, which are not observed in
E. turturi (Figs. 1, 2, and 3; Table 1).

Eimeria waiganiensis Varghese (Fig. 2B), was also de-
scribed from wild pigeons and doves, this time in Papua
New Guinea (Varghese 1978b). Its hosts were the grey-
capped emerald dove Chalcophaps indica (Linnaeus, 1758)
and the green-naped pheasant-pigeon Otidiphaps nobilis
Gould 1870.

Eimeria duculai Varghese, 1980 (Fig. 2C), and Eimeria
gourai Varghese, 1980 (Fig. 2D), were two other eimerians
described from pigeons in Papua New Guinea, 2 years after
the first description by this same author Varghese (1980).
The Torresian imperial-pigeon Ducula spilorrhoa (Gray,
1858) and the Victoria crowned-pigeon Goura victoria
(Fraser, 1844) were their type-hosts, respectively. Among
these three eimerians reported from Papua New Guinea,
E. gourai should be considered the most relevant because
G. victoria is categorized as “Near Threatened” by the
TUCN. This wild pigeon is suspected to be declining at a

moderately rapid rate, given its long generation time and
the rates of loss and degradation of its habitat across north
coastal Papua New Guinea (IUCN 2019).

Parasites of endemic birds in isolated environments,
such as insular environments, tend to remain isolated in
these environments along with their hosts (Berto and
Lopes 2013). This is the case of these three eimerian
species of pigeons in Papua New Guinea. It would be
highly unlikely that these eimerians would be transmitted
to pigeons in South America. In any case, E. columbinae
n. sp. is different from all these three eimerian species
because its oocysts are considerably smaller and do not
have polar granules (Figs. 1, 2, and 3; Table 1).

Eimeria palumbi McQuistion, 1991 (Fig. 2E), was de-
scribed from Galapagos doves Zenaida galapagoensis
Gould, 1841, in the Galapagos Islands, which is part of the
Republic of Ecuador (McQuistion 1991). It was the first de-
scription of an eimerian species from a columbiform bird of
the South America. This coccidian species must be isolated in
the Galapagos Islands, similar to the previous example; but, in
any case, the oocysts of E. columbinae n. sp. are much smaller
than those of E. palumbi (Figs. 1, 2, and 3; Table 1).

Columbina talpacoti was recorded for the first time as host
for a new species of Eimeria only in the 2000s. In Adriano
et al. (2000), Eimeria curvata Adriano et al. 2000 (Fig. 2F),
was described from C. talpacoti, as well as from the scaled
dove Columbina squammata (Lesson, 1831) in the
Municipality of Junqueirdpolis, in the western of the State of
Sao Paulo, Brazil. Recently, this species was reported from
this same host species, C. talpacoti, in the Municipality of
Guapimirim, in the mountain region of the State of Rio de
Janeiro, thus demonstrating the wide distribution of this
eimerian species, at least in southeastern Brazil (Oliveira
et al. 2017). Despite being the same host of the current work,
the morphological differences of E. curvata with
E. columbinae n. sp. are evident. Eimeria curvata has a pro-
tuberant Stieda body and absence of sub-Stieda body, whereas
E. columbinae n. sp. has a Stieda body delicate and flattened
and sub-Stieda body present. In addition, the sporocyst resid-
uum in E. curvata is compact, whereas in E. columbinae n.
sp., it is diffuse (Figs. 1, 2, and 3; Table 1).

Eimeria zenaidae Adriano et al. 2003 (Fig. 2G), was the
second species described by Adriano et al. (2003), also in
Junqueiropolis, Sao Paulo, Brazil. This species parasitized
the eared dove Zenaida auriculata (Des Murs, 1847). This
species is differenced because it has a rough oocyst wall, a
wide and projected Stieda body, and no sub-Stieda body,
whereas E. columbinae n. sp. has a delicate and flattened
Stieda body and a sub-Stieda body (Figs. 1, 2, and 3; Table 1).

Eimeria janovyi Bandyopadhyay et al. 2006 (Fig. 3A), is
another species described from common pigeons C. livia in

India, this time inthe Kalyani area, West Bengal
(Bandyopadhyay et al. 2006). This species did not have a
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detailed description, besides not having equivalences between
the line drawing and the photomicrograph. Therefore, in the
current work, this species was redrawn based on the pho-
tomicrograph presented, disregarding the line drawing.
The characteristic features presented differentiated it from
E. labbeana, E. columbarum and E. columbae, which are
the three species traditionally recorded from India. The
absence of a micropyle, absence of oocyst residuum, pres-
ence of a polar granule, and absence of a sub-Stieda body
are characteristics that are contrary to those found in
E. columbinae n. sp. (Figs. 1, 2, and 3; Table 1).

Eimeria livialis Alyousif et al. 2009 (Fig. 3B), is another
described species from the common pigeon C. livia; this time
in Saudi Arabia (Alyousif et al. 2009). This species has some
characteristic features that make it distinguishable from the
other Eimeria spp. described from C. livia, as the oocysts
are elongate ellipsoidal and the oocyst residuum is composed
of four to seven compacted globules. This globular residuum
is the main characteristic that differentiates E. /ivialis from
other Eimeria spp. of C. livia; however, this characteristic
feature is not clearly observed in the original photomicro-
graphs, even though it was described and drawn (Alyousif
et al. 2009). The ellipsoidal elongated shape, larger oocysts,
and the absence of a sub-Stieda body distinguish E. livialis
from E. columbinae n. sp. (Figs. 1, 2, and 3; Table 1).

Eimeria columbapalumbi JamriSka and Modry, 2012 (Fig.
3C), was described from common woodpigeons Columba
palumbus Linnaeus, 1758, from urban environments within
the Czech and Slovak Republics (JamriSka and Modry
2012). The size, shape, and polar granules are the main char-
acteristic features that distinguish this species from the other
eimerian parasites of its congeneric host C. livia (Figs. 1, 2,
and 3; Table 1).

Eimeria mauritiensis Ball et al. 2012 (Fig. 3D), was de-
scribed from the vulnerable pink pigeon Nesoenas mayeri
(Prévost, 1843) in another insular environment: Mauritius is-
land, which is about 870 km east of Madagascar in the Indian
Ocean (Ball et al. 2012; ITUCN 2019).

Eimeria columbinae n. sp. is similar to E. columbapalumbi
and E. mauritiensis in some morphological aspects but can be
easily distinguished from others. These species have no oocyst
residuum, which is one of the main characteristic features of
E. columbinae n. sp. In addition, the sporocysts of
E. mauritiensis are not asymmetrical as in E. columbinae n.
sp. Eimeria columbapalumbi also has asymmetrical sporocysts;
however, it has ellipsoidal oocysts and has no sub-Stieda body,
in comparison to the subspheroidal oocysts and sub-Stieda
body of E. columbinae n. sp. (Figs. 1, 2, and 3; Table 1).

Eimeria lyoni Yabsley et al. 2015 (Fig. 3E), was described
from mourning doves Zenaida macroura (Linnaeus, 1758) in
Kentucky, USA (Yabsley et al. 2015). This was the first and only
description of an Eimeria sp. from Columbiformes in North
America. Zenaida macroura is widely distributed in North and

Central Americas, being apparently bordered by the Andes
Mountains in Panama. From the opposite hemisphere, the ruddy
ground-dove C. talpacoti is widely distributed throughout South
and Central Americas, reaching northern Mexico in North
America, where it is sympatric with Z. macroura (IUCN
2019). This sympatry would enable transmission between these
hosts; however, E. lyoni is different of E. columbinae n. sp. by its
ellipsoidal oocysts, prominent Stieda body and absence of a sub-
Stieda body (Figs. 1, 2, and 3; Table 1).

Finally, an Eimeria sp. identified as E. labbeana-like (Fig.
3F) was recently described from common pigeons C. /ivia in
Australia (Yang et al. 2016). The worldwide distribution of
C. livia, whether native or introduced, would allow the iden-
tification of E. labbeana in Australia. However, Yang et al.
(2016) were not able to accurately identify this Eimeria sp. as
that of E. labbeana, mainly because there are descriptions for
E. labbeana with significant morphological and morphomet-
ric differences (Pinto 1928; Nieschulz 1935) (Figs. 1, 2, and 3;
Table 1). Also, the description of the presence of polar gran-
ules and oocyst residuum is not obvious in the photomicro-
graphs. It may possibly be that the description belongs to the
sporocysts and not to the oocyst, or refers to some debris
adhered externally to the oocyst wall. Thus, in the current
work, this E. labbeana-like coccidian is cited as Eimeria sp.
of Yang et al. (2016), because it is not exactly like
E. labbeana, at least not morphologically, nor ecologically,
since it has been described from hosts of Australia that is quite
distant from the type-locality of E. labbeana. In this sense, this
Eimeria sp. of Yang et al. (2016) was redrawn (Fig. 3F) based
on the photomicrographs presented, given that this Eimeria
sp. can be identified again, validated and potentially described
as anew species or as one of the preexisting Eimeria spp. of
C. livia. In fact, all Eimeria spp. described from C. livia from
India would need to be reevaluated from new samples of the
same host species and locality, through detailed
morphological and molecular studies and thereby validating
and characterizing these species. In conclusion, Eimeria
columbinae n. sp. can be distinguished from this Eimeria sp.
of Yang et al. (2016) because it does not have a micropyle,
contains a polar granule, and has no sub-Stieda body (Figs. 1,
2, and 3; Table 1).

Although the work of Yang et al. (2016) had been incon-
clusive in the specific identification of Eimeria sp., it was a
pioneer in molecular studies of Eimeriidae of Columbiformes.
This Eimeria sp. recovered from C. livia in Australia was
sequenced by 18S, 28S, and COI genes, being the only
Eimeria sp. from Columbiformes to have undergone molecu-
lar identification.

Phylogenetic analysis

Primers for amplification of longer PCR products were initial-
ly intended; however, only the short version 18S and COI
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sequences were amplified. Failure to amplify longer se-
quences could be related to issues with DNA extraction from
an individual oocyst, which has already been noted by Dolnik
et al. (2009). In this methodology, DNA is extracted from
eight cells (eight sporozoites/one oocyst), which ensures the
molecular identity of the species/morphotype, but results in a
smaller amount of extracted DNA, mainly for nuclear DNA
which is present in even smaller amounts than mitochondrial
DNA. Extracted DNA samples are subjected to temperature
variations during laboratory manipulation, which were un-
avoidable and may have caused DNA strand breaks
(Martinez et al. 2018). Thus, these breaks in the DNA com-
bined with the low DNA concentration may have precluded
the amplification of longer fragments.

Phylogenetic analysis based on the COI gene (Fig. 5) re-
vealed that E. columbinae n. sp. is closer to an Isospora sp. from
snow buntings P. nivalis from the Czech Republic (Trefancova
et al. 2019). In this work of Trefancova et al. (2019), which
included the sequence MH698551 from P. nivalis in the
GenBank database, several samples of Isospora ssp. from ro-
dents, and also from passerines, were sequenced and analyzed to
identify the pseudoparatism of Isospora spp. in rodents. In this
pseudoparasitism, isosporan oocysts only pass through the di-
gestive tract of rodents that ingested feces of passerines, which
can be confusing for the researcher who identifies these oocysts
in the feces of the rodent and feels it is the true host. Eimeria
columbinae n. sp. was also close to these sequences of Isospora
spp. that were considered as pseudoparasites of bank voles
Mpyodes glareolus (Schreber, 1780) in the work of Trefancova
etal. (2019).

The COl-based phylogenetic results were unexpected,
since E. columbinae n. sp. was closer to Isospora spp.
than to Eimeria spp., besides these closest isolates were
obtained from the Czech Republic, with the exception of
1. sporophilae, which is a parasite of seedeaters in south-
eastern Brazil (Rodrigues et al. 2019). Nevertheless, the
genera Isospora and Eimeria are phylogenetically close in
the Eimeriidae family, especially when they are parasites
of birds (Yang et al. 2016).

Initially, the ecological hypothesis was accepted that the
parasites coevolved with their hosts (Odum 1983); therefore,
E. columbinae n. sp. was expected to be closer to the Eimeria
sp. of Yang et al. (2016), since these two species are conge-
neric parasites of Columbiformes. Another possibility would
be a phylogenetic origin associated with their geographic lo-
calities; however, as previously mentioned, E. columbinae n.
sp. was closer to eimeriid isolates from Europe than to isolates
from southeastern Brazil. Likewise, Eimeria sp. of Yang et al.
(2016) sat in a clade far from E. columbinae n. sp. and close to
parasitic species of turkeys and parrots. Thus, only these two
Eimeria spp. sequenced by the COI from columbiform birds
precludes a better understanding of the phylogeny of
Eimeriidae of Columbiformes.

In contrast, the phylogenetic analysis based on the 18S
gene presented results consistent with the assumption of co-
evolution of parasites and hosts (Fig. 5). Monophyletic groups
that bring together coccidian species related to certain orders
and classes of hosts are observed. In fact, the 18S gene is
widely recognized as suitable for resolving deep phylogenetic
relations within Apicomplexa (Ogedengbe et al. 2015; Xavier
et al. 2018). However, the similarity of 100% between
E. columbinae n. sp. and Eimeria sp. of Yang et al. (2016)
that was observed emphasizes that the 18S gene is excessively
conserved, at least in the amplified part in the current work.
Thus, this 18S fragment amplified is potentially suitable for
phylogenetic studies of higher taxa, but inappropriate for
differentiation and identification at species level. In other
words, the morphological differences of the oocysts and the
ecological differences associated with the different hosts and
the distant type localities of E. columbinae n. sp. and Eimeria
sp. of Yang et al. (2016) are incompatible with the genetic
similarity of 100%. In addition, a difference of only two nu-
cleotide substitutions was observed in the comparison of
E. columbinae n. sp. and Eimeria spp. of turkeys and parrots,
which are species that are phylogenetically very distant.

Conclusions

The detailed taxonomic revision made in the current work
from all Eimeria spp. described of Columbiformes of the
world, and their comparisons with E. columbinae n. sp. clearly
supports its designation as a unique species. Therefore,
E. columbinae n. sp. is considered new to science, being the
19th description in a columbiform bird. Additionally, this is
the second Eimeria sp. from Columbiformes to have under-
gone molecular identification of the COI and 18S genes.
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Abstract

The doves and pigeons constitute a taxonomic group (Columbiformes: Columbidae) of granivorous and frugivorous birds
with a worldwide distribution. The current work aims to describe morphologically and molecularly a new protozoan from
white-tipped doves Leptotila verreauxi Bonaparte, 1855 and grey-fronted doves Leptotila rufaxilla (Richard & Bernard,
1792) in Southeastern Brazil. Eimeria ferreirai n. sp. has oocysts that are sub-spherical to ellipsoidal, 21.4 x 18.8 um,
with smooth, bilayered wall, ~1.6 um thick. Micropyle present. Oocyst residuum absent, but one to two polar granules
are present. Sporocysts are elongate ovoidal to boomerang-shaped, 13.4 X 6.9 um. Stieda body triangular to lozengal.
Sporocyst residuum is composed of granules of different sizes. Sporozoites are vermiform with refractile body and
nucleus. Sequencing of the mitochondrial cytochrome ¢ oxidase subunit 1 (COI) gene and the subsequent phylogenetic
molecular comparisons supported the description of the new species, since the maximum similarity was 90-95% with
eimeriid species of Columbiformes, Anseriformes, Galliformes and Passeriformes. Thus, this is the first coccidian species
reported from Leptotila spp. and the twentieth description of an eimerian from Columbiformes in the World.

Key words: taxonomy, morphology, coccidia, Eimeria, oocysts, Columbiformes, Columbidae, Itatiaia National Park,
Serra dos C)rgéos National Park, Rio de Janeiro, Brazil

Introduction

The Columbidae family (Columbiformes) brings together 367 species of doves and pigeons, which have a world-
wide distribution. It is estimated that in the Neotropical regions there are about 68 species, where 23 of these were
recorded in Brazil (Bennett & Peirce 1990; IUCN 2019).

The white-tipped doves Leptotila verreauxi Bonaparte, 1855 and grey-fronted doves Leptotila rufaxilla (Rich-
ard & Bernard, 1792) are found in wooded areas, frequenting the ground to feed; live alone or in pairs (Sick 1997).
This behavior and granivorous and frugivorous eating habits favor the fecal-oral transmission of intestinal parasites,
such as protistan coccidians (Dolnik ez al. 2010; Berto & Lopes 2013).
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Parasitological studies in Columbidae have recorded 19 Eimeria spp. and two Isospora spp. using the tradi-
tional morphological taxonomy although recently some of these coccidians have been molecularly identified by
sequencing of specific genes such as the mitochondrial cytochrome ¢ oxidase subunit 1 (COI) gene and the 18S
small subunit ribosomal RNA (18S) gene (Ortuzar-Ferreira et al. 2020).

In this context, the current study describes a new species of Eimeria from white-tipped doves L. verreauxi and
grey-fronted doves L. rufaxilla by morphological and molecular methods. These bird specimens were captured in
the Itatiaia National Park, Serra dos Orgios National Park and in an area under reforestation in the Municipality of
Pinheiral, Southeastern Brazil.

Material and methods

Sample collection

A total of four expeditions were conducted in 3 different localities in southeastern Brazil: (1) Itatiaia National Park
(22°27°40”S, 44°35°31”W), a protected area located in the Serra da Mantiqueira on the border of the States of Rio
de Janeiro, Minas Gerais and Sao Paulo (ICMBIO 2018a); (2) a fragmented area of Atlantic Forest in the Municipal-
ity of Guapimirim (22°31°10”S, 43°00°36”W), which is located on the edge of the Serra dos Orgdos National Park,
another protected area located in the coastal mountain range (Serra do Mar) of the State of Rio de Janeiro (ICMBIO
2018b); and (3) an area of Atlantic Forest under reforestation in the campus of the Instituto Federal de Educacao,
Ciéncia e Tecnologia do Rio de Janeiro, in the Municipality of Pinheiral, State of Rio de Janeiro (22°31°37°’S,
43°59°45°°W). A total of nine L. verreauxi (one from Itatiaia National Park, six from Serra dos Orgaos National
Park and two from Pinheiral) and one L. rufaxilla (from Pinheiral) were captured with mist nets. The doves were
kept in individual boxes with clean ground paper. After identification of the species (Sigrist 2014), the bird was
photographed and released. A fresh droplet of feces from each individual bird was placed in an individually centri-
fuge tube with a potassium dichromate 2.5% (K»Cr,0O7) solution. Field-collecting permits were issued to B.P. Berto
by SISBIO/ICMBio (licenses 42798-1; 45200-1; 49605-1; 54951-1) and CEUA/UFRRIJ (protocols IV-036/2014;
ICBS-008/2015; IV-6606250616).

Morphological analyses

Fecal samples were taken to the Laboratdrio de Biologia de Coccidios, Departamento de Biologia Animal, Instituto
de Ciéncias Biologicas e da Saude, Universidade Federal Rural do Rio de Janeiro (UFRRIJ), where they were incu-
bated at room temperature (20-25°C) for one week. Oocysts were recovered by flotation in Sheather’s sugar solu-
tion (Specific gravity: 1.20) and examined microscopically using the technique described by Duszynski & Wilber
(1997) and Berto et al. (2014). Morphological observations, line drawings, photomicrographs, and measurements
were made with the use of an Olympus BX41 binocular microscope (Olympus Optical, Tokyo, Japan) coupled to a
digital camera Eurekam 5.0 (BEL Photonics, Monza, Italy) connected to a computer running the software BELView
(Version 6.2.3.0, BEL Engineering, Monza, Italy). Line drawings were edited using two software applications from
CorelDRAW® (Corel Draw Graphics Suite, Version 11.0, Corel Corporation, Canada), specifically Corel DRAW
and Corel PHOTO-PAINT. All measurements are in micrometres and are given as the range followed by the mean
in parentheses.

Molecular analyses

Twenty-six oocysts carefully identified with the same characteristics features under light microscopy was isolated
and resuspended in PBS (Dolnik et al. 2009). DNA was extracted from the oocysts using the Qiagen DNeasy Blood
and Tissue Kit (Qiagen, Sdo Paulo, Brazil) according to the manufacturer’s instructions. In order to fully lyse the
oocysts, four freeze-thaw cycles were applied prior to the DNA extraction. The PCR amplification for the COI gene
was carried out using a nested PCR, as previously described by Dolnik ez al. (2009a) and Yang et al. (2015). The
external primers COIbF1 (5°-GWT CAT TAG TAT GGG CAC ATC A-3’) and COIbR1 (5’-CCA AGA GAT AAT

ACR AAR TGG AA-3’) produced a PCR product of 302 bp in size. The internal primes COIbF2 (5’-GGG CAC
ATC ATA TGA TGA C-3) and COIbR2 (5’-ATA GTA TGT ATC ATG TAR WGC AA-3’) produced an amplicon of
257 bp in size. The PCR reaction contained 10 pl of 5x Green GoTaq® Flexi Buffer, 3 pul of 25 mM MgCI2, 1 ul of
10 mM dNTPs, 0.4 uM of each primer, 1.25 units of GoTaq® DNA polymerase, 3 pul of DNA (for primary reaction)
or 3ul primary PCR product (for the secondary reaction). Both primary and secondary PCR were conducted using
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the same cycling conditions: 1 cycle of 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, 47°C for 45 s, 72°C
for 1 min and a final extension of 72°C for 5 min. The amplicons from the second round of PCR were purified us-
ing the Qiagen MinElute PCR Purfication (Qiagen, Sdo Paulo, Brazil). All PCR products were sequenced using the
PCR forward and reverse primers by Ludwig Biotecnology, were an ABI-Prism 3500 Genetic Analyzer (Applied
Biosystems, Foster City, California) was used for Sanger sequencing. The results of the sequencing reactions were
analysed and edited using the program Chromas 2.6.

DNA sequence analyses

The newly generated sequences were compared to those for coccidians of Eimeriidae available on the GenBank
database using the Basic Local Alignment Search Tool (BLAST). Phylogenetic trees were constructed for eimeriid
species at the COI sequences for additional isolates from GenBank. Alignment and parsimony analyses were con-
ducted using MEGA version 7 (Tamura et al. 2007). The evolutionary history was inferred using the Neighbor-Join-
ing (NJ) and Maximum Likelihood (ML) methods and the distances were computed using the Tamura-Nei method
based on model selection using ModelTest in MEGA 7. Bootstrap analyses were conducted using 1,000 replicates
to assess the reliability of inferred tree topologies.

Results

The white-tipped dove L. verreauxi from the Itatiaia National Park, five of the six L. verreauxi from the Serra dos
Orgios National Park, one of the two L. verreauxi from Pinheiral and the only grey-fronted dove L. rufaxilla from
Pinheiral were positive for an Eimeria sp. undescribed in scientific literature.

Eimeria ferreirai Oliveira and Berto n. sp.

Type host: White-tipped dove Leptotila verreauxi Bonaparte, 1855 (Aves: Columbiformes: Columbidae).

Other host: Grey-fronted doves Leptotila rufaxilla (Richard & Bernard, 1792) (Aves: Columbiformes: Colum-
bidae).

Type locality: Itatiaia National Park (22°27°40”’S, 44°35°31”W), Southeastern Brazil.

Other localities: Serra dos Orgdos National Park (22°31°107S, 43°00°36”W) and Pinheiral (22°31°37”’S,
43°59°45°W), also from Southeastern Brazil.

Type-material: Photosyntypes, line drawing and oocysts recovered from L. verreauxi in 2.5% K>Cr,O7 solu-
tion (Williams et al. 2010) are deposited at the Museu de Zoologia at the Universidade Federal Rural do Rio de
Janeiro, Brazil, under accession number MZURPTZ2019016. Photomicrographs are also deposited and available
(http://r1.ufrrj.br/labicoc/colecao.html) in the Parasitology Collection of the Laboratdrio de Biologia de Coccidios,
at UFRRJ, under repository number P-99/2019. Photographs of the type-host specimen (symbiotype) are deposited
in the same collection.

Representative DNA sequence: One representative COI sequence was deposited in the GenBank database
under the accession number MN326301.

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 (ICZN, 2012), details of the new species have been submitted to
ZooBank. The Life Science Identifier (LSID) for E. ferreirai is urn:1sid:zoobank.org:act:04C29620-AF5E-4C8D-
BF5D-5B9D31572122.

Site of infection: Unknown.

Prevalence: 70% (7/10) overall; 78% (7/9) for L. verreauxi; and 100% (1/1) for L. rufaxilla.

Sporulation: Exogenous. All oocysts were passed in the feces unsporulated and were fully sporulated by day 7
in K,Cr,0, solution at room temperature (20-25°C).

Etymology: The specific name is derived from the family name of a Brazilian ornithologist Dr Ildemar Fer-
reira, given in his honor for his contribution to the study of ecology and parasitology of birds.

Description (Figs 1; 2A-F)
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FIGURE 1. Line drawing of the sporulated oocyst of Eimeria ferreirai n. sp., a new coccidium species recovered from doves
Leptotila spp. Scale-bar: 10um.

Oocyst (n = 22) sub-spherical to ellipsoidal, 19-25 x 16-21 (21.4 x 18.8); length/width (L/W) ratio 1.0—1.4
(1.15). Wall bi-layered, delicate, 1.3—1.9 (1.6) thick, outer layer smooth, ¢.2/3 of total thickness. Micropyle present,
but barely discernible in some oocysts, 3.0—4.0 (3.5) wide. A delicate micropyle cap was observed in few oocysts.
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Oocyst residuum absent, but 1 or 2 rounded polar granules are present. Sporocyst elongate ovoidal to boomerang-
shaped, 12—15 x 68 (13.4 x 6.9); L/W ratio 1.8-2.2 (1.95). Stieda body present, triangular to lozengal, 1.0 high x
1.5 wide. Sub-Stieda and Para-Stieda bodies absent. Sporocyst residuum present, consisting of granules of different
sizes. Sporozoites vermiform, with a posterior refractile body and a central nucleus.

Remarks: Eimeria ferreirai is different from other coccidian species of Columbidae on in a few aspects (Table
1). In fact, there are few characteristic features, often barely detailed, that differentiate some Eimeria spp. from
Columbiformes (Ortuzar-Ferreira et al. 2020), such as Eimeria labbeana (Labbe, 1896) Pinto, 1928, Eimeria co-
lumbarum Nieschulz, 1935, Eimeria columbae Mitra and Das Gupta, 1937, Eimeria curvata Adriano, Thyssen and
Cordeiro, 2000, Eimeria janovyi Bandyopadhyay, Bhakta and Shukla, 2006, Eimeria columbapalumbi Jamriska and
Modry, 2012 and Eimeria sp. of Yang et al. (2016), which are very similar morphologically and morphometrically,
and have ecological compatibility. The presence of micropyle and micropyle cap differentiates E. ferreirai from all
other Eimeria spp.; however, failure to observe this characteristic feature approximates Eimeria sp. of Yang et al.
(2016) of E. ferreirai. In this sense, sequencing of the COI gene was performed to complement the identification of
E. ferreirai and differentiate it from Eimeria sp. of Yang et al. (2016), which was also molecularly identified by the
COI gene.

FIGURE 2. Photomicrographs (A—F) of sporulated oocysts of Eimeria ferreirai n. sp., a new coccidium species recovered from
doves Leptotila spp. Note the inner (IL) and outer (OL) layer of the oocyst wall, micropyle (M), micropyle cap (MC), nucleus
(N), polar granule (PG), refractile body (RB), Stieda body (SB) and the sporocyst residuum (SR). Scale-bar: 10pum.

Phylogenetic analysis: DNA amplification of the oocysts of E. ferreirai recovered from a L. verreauxi from
Itatiaia National Park showed a clear band of ~250 bp. Phylogenetic analysis included 20 sequences for Eimeriidae
species available on GenBank (Fig. 3). Toxoplasma gondii (Nicolle and Manceaux, 1908) was used as the outgroup.
Eimeria ferreirai had the maximum similarity of only 94.9% with Eimeria purpureicephali Yang, Brice and Ryan
(2016) (KU140598), which is a coccidian parasite of red-capped parrots Purpureicephalus spurius (Kuhl, 1820)
(Yang et al. 2016). Thus, E. ferreirai sat isolated in the cladogram, between clades with Eimeria spp. from Psittaci-
formes and Galliformes, in addition to an Eimeria sp. from house mice Mus musculus Linnaeus, 1758 (MH777502),
which must be a pseudoparasite (Trefancova et al. 2019). Similarity to other Eimeria spp. from Columbiformes
was low, of 93.5% with Eimeria sp. of Yang et al. (2016) (KT305929), of 90.9% with Eimeria columbinae Ortizar-
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Ferreira and Berto, 2019 (MN082528) (Ortuzar-Ferreira et al. 2019) and 93.5% with an Eimeria sp. from pigeons
(MF496271) which is deposited in GenBank, but yet unpublished.

Discussion

The columbiform birds in Brazil brings together 23 species distributed in all Brazilian biomes, which are Amazon,
Atlantic Forest, Cerrado, Caatinga and Pampas (IUCN 2019). They are granivores and frugivores, eating mainly
seeds and small fruits on the soil (Sick 1997). This wide distribution and diversity, in addition to the eating habits
that favor the transmission and dispersal of the coccidians, are incompatible with the small number of three coccid-
ian species described so far (Dolnik ez al. 2010; Berto & Lopes 2013; Ortuzar-Ferreira et al. 2020). In this sense, the
continuity and regularity of taxonomic works that research the diversity of Eimeria spp. in Brazil could potentially
reveal new species.

Some morphological variations were observed in the oocysts of E.ferreirai: Micropyle was barely discernible
in some oocysts, while in other oocysts it was prominent and easily observed; Micropyle cap was observed as a thin
and delicate cover in only two oocysts; and sporocysts were observed as boomerang-shaped or elongate ovoidal,
even within the same oocyst. All of these variations did not follow a pattern in the oocysts and samples to be identi-
fied as different species; therefore, these variations are considered as intraspecific.

Among the Eimeria spp. of Columbiformes that were sequenced by the COI gene, Eimeria sp. of Yang et al.
(2016) is the only that shares morphological and morphometric characteristic features close to E. ferreirai (Table 1);
however, these coccidians were genotypically different and phylogenetically distant (Fig. 3). Eimeria ferreirai was
closer to Eimeria spp. from Galiformes and Psittaciformes than to Eimeria spp. from Columbiformes; therefore,
these results reinforce the remarks of Ortizar-Ferreira et al. (2019), that Eimeria spp. of Columbiformes do not form
a monophyletic group, at least not by the COI gene.

FIGURE 3. Maximum likelihood tree estimated from the COI gene sequences of eimeriid species. Numbers at nodes represent
bootstrap support 1000 replicates (> 50%) for Neighbor-Joining (NJ) and Maximum Likelihood (ML) respectively. Scale bar
represents the number of nucleotide substitutions per site.

Finally, the comparison of E. ferreirai with Eimeria spp. recorded in columbiform birds of the World (Table
1) supports the designation as a unique species. Therefore, E. ferreirai is considered as new to science, being the
twentieth description from Columbiformes.
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TABLE 1. Comparative morphology of Eimeria spp. recorded from Columbiformes of the World.

Coccidia Hosts Locality References
Eimeria labbeana (Labbe, 1896) Pinto, 1928 C. livia Asia, India Pinto (1928)
Nieschulz (1935)
Eimeria columbarum Nieschulz, 1935 C. livia Asia, India Nieschulz (1935)
Eimeria columbae Mitra and Das Gupta, 1937 C. livia Asia, India Mitra and Das Gupta (1937)
Eimeria sphenocercae Ray, 1952 Treron sphenurus (Vigors, 1832) Asia, India Ray (1952)
Eimeria kapotei Chatterjee and Ray, 1969 C. livia Asia, India Chatterjee and Ray (1969)
Eimeria turturi Golemansky, 1976 Streptopelia turtur (Linnaeus, 1758) Europe, Bulgaria Golemansky (1976)
Eimeria waiganiensis Varghese, 1978 Chalcophaps indica (Linnaeus, 1758); Oceania, Papua New Guinea Varghese (1978)
Otidiphaps nobilis (Gould, 1870)
Eimeria duculai Varghese, 1980 Ducula spilorrhoa (Gray, 1858) Oceania, Papua New Guinea Varghese (1980)
Eimeria gourai Varghese, 1980 Goura victoria (Fraser, 1844) Oceania, Papua New Guinea Varghese (1980)
Eimeria palumbi McQuistion, 1991 Zenaida galapagoensis Gould, 1841 South America Ecuador, Galapagos Islands McQuistion (1991)
Eimeria curvata Adriano, Thyssen and Cordeiro, Columbina talpacoti (Temminck, 1809); South America, Brazil Adriano et al. (2000)
2000 Columbina squammata (Lesson, 1831)
Eimeria zenaidae Adriano, Thyssen and Cordeiro, Zenaida auriculata (Des Murs, 1847) South America, Brazil Adriano et al. (2003)
2003
Eimeria janovyi Bandyopadhyay, Bhakta and Shukla, C. livia Asia, India Bandyopadhyay ef al. (2006)
2006
Eimeria livialis Alyousif, Al-Shawa and Al-Asiri, C. livia Asia, Saudi Arabia Alyousif et al. (2009)
2009
Eimeria columbapalumbi Jamriska and Modry, 2012 Columba palumbus (Linnaeus, 1758) Europe, Czech and Slovak Republics Jamriska and Modry (2012)
Eimeria mauritiensis Ball, Daszak, Swinnerton, Jones Nesoenas mayeri (Prévost, 1843) Africa, Madagascar Ball et al. (2012)
and Snow, 2012
Eimeria lyoni Yabsley, Bailey and Adams, 2015 Zenaida macroura (Linnaeus,1758) North America, USA Yabsley et al. (2015)
Eimeria sp. of Yang et al. (2016) C. livia Oceania, Australia Yang et al. (2016)
Eimeria columbinae Ortizar-Ferreira and Berto, 2020 C. talpacoti South America, Brazil Ortazar-Ferreira et al. (2020)
Eimeria ferreirai Oliveira and Berto n. sp. Leptotila verreauxi Bonaparte, 1855; South America, Brazil current work

Leptotila rufaxilla (Richard & Bernard, 1792)

...... continued on the next page
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Coccidia Oocysts
Shape Length ~ Width L/'W Wall Residuum Micropyle Polar granule
(nm) (um) ratio
Eimeria labbeana (Labbe, 1896) Pinto, 1928  sub-spherical ~ 17-21 16-18  1.0-1.1 smooth absent present present
to ovoidal
sub-spherical 1518  14-16  1.0-1.1 smooth absent absent present
to ellipsoidal ~ (16.7)  (15.3) (1.09)
Eimeria columbarum Nieschulz, 1935 sub-spherical ~ 19-21 17-20  1.0-1.1 smooth absent absent present
to ovoidal (20) (18.7) (1.07)
Eimeria columbae Mitra and Das Gupta, sub-spherical ~ (16.4) (14.4) - - present absent -
1937 to ovoidal
Eimeria sphenocercae Ray, 1952 thiniformto  17-25  12-15 - smooth with a absent present, asymmetrical, -
ellipsoidal (19.2) (12.6) lateral dent with micropyle cap
Eimeria kapotei Chatterjee and Ray, 1969 sub-spherical  24-30  22-26 - - - present, anterior present,
(26.1) (235 1-2
Eimeria turturi Golemansky, 1976 ellipsoidal 23-29 18-25 - smooth, ~1.5 absent absent absent
or broadly (26) (21.6)
ovoidal
Eimeria waiganiensis Varghese, 1978 broadly 22-25 19-23  1.1-1.2  smooth, ~1.5 absent present, 4—6 (5) present,
ovoidal (24) (22) (1.1) 2-4
Eimeria duculai Varghese, 1980 broadly 26-31 23-27 (1.1) smooth, absent inconspicuous present,
ovoidal (28) (25) 1.5-2.5(2.0) 1,~2.0
Eimeria gourai Varghese, 1980 sub-spherical ~ 19-22 18-21 (1.0) smooth, ~1.0 absent absent present,
(20) (20 1,~2.0
Eimeria palumbi McQuistion, 1991 ovoidal to 22-27 1924  1.0-1.2  smooth,~2.0  present, round to splin- absent absent
ellipsoidal (24.2) (21.7) (1.16) ter-like granules
Eimeria curvata Adriano, Thyssen and ovoidal to 17-19 15-17  1.1-1.3  smooth, ~1.3 absent absent present
Cordeiro, 2000 ellipsoidal (18.3) (15.5) (1.2)

¢Sl

...... continued on the next page
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TABLE 1. (Continued)

Coccidia Oocysts

Shape Length  Width L/'W Wall Residuum Micropyle Polar granule

(nm) (um) ratio
Eimeria zenaidae Adriano, Thyssen and sub-spherical ~ 22-26  19-22 (1.2) rough, ~1.7 absent absent present, 1
Cordeiro, 2003 (23.8)  (20.3)
Eimeria janovyi Bandyopadhyay, Bhakta ellipsoidal (24.3)  (19.8) (1.2) smooth, ~1.1 absent absent present, 1,
and Shukla, 2006 sub-spherical
Eimeria livialis Alyousif, Al-Shawa and elongate 19-23 1417 (1.2) smooth,1-1.3 present, irregular glo- absent absent
Al-Asiri, 2009 ellipsoidal 21 (15) (1.2) bules
Eimeria columbapalumbi Jamriska and ellipsoidal 1724 15-18  1.0-1.4 smooth, absent absent present, 2 ir-
Modry, 2012 (21.3)  (16.9) (1.26) 0.6-1.5(0.9) regular, ~2.0
Eimeria mauritiensis Ball, Daszak, Swinner-  sub-spherical ~ 18-22 16-19  1.0-1.2  smooth, ~0.8 absent absent absent
ton, Jones and Snow, 2012 (19.7) (17.8) (1.1)
Eimeria lyoni Yabsley, Bailey and Adams, sub-spherical ~ 23-26  20-22  1.1-1.3  smooth, ~1.0 absent absent present, 1-2
2015 to ovoidal (242)  (20.7) (1.2)
Eimeria sp. of Yang et al. (2016) sub-spherical ~ 19-22 16-19 (1.38) smooth, ~1.0 present absent present
(20.2)  (16.1)
Eimeria columbinae Ortzar-Ferreira and sub-spherical ~ 13-16 12-14  1.0-1.2 smooth, present, granules inconspicuous absent
Berto, 2020 to ellipsoidal ~ (14.7) (13.2) (1.11) 1.0-1.2 (1.1)  bonded and/or diffused
Eimeria ferreirai Oliveira and Berto n. sp. sub-spherical ~ 19-25 1621 1.0-1.4 smooth, absent present, with micropyle  present, 1-2
to ellipsoidal ~ (21.4) (18.8) (1.15) 1.3-1.9 (1.6) cap barely discernible

...... continued on the next page
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TABLE 1. (Continued)

Coccidia Sporocysts
Shape Length Width  L/W ratio Stieda Substieda body Residuum
(pm) (pm) body
Eimeria labbeana (Labbe, 1896) Pinto, 1928 ovoidal 11-14 5-7 (1.4) - _ present, compacted
(12.4) (6.4)
ellipsoidal - - - present absent present
Eimeria columbarum Nieschulz, 1935 ellipsoidal - - - present absent present
Eimeria columbae Mitra and Das Gupta, 1937 ellipsoidal (7.2) (4.8) - - — present
Eimeria sphenocercae Ray, 1952 broadly ovoidal 17-19 12-14 - - — present
(17.5) (12.5)
Eimeria kapotei Chatterjee and Ray, 1969 ovoidal 8-10 - - present - present, scattered
Eimeria turturi Golemansky, 1976 elongate ellipsoidal 11-13 6-8 - absent - present, scattered
Eimeria waiganiensis Varghese, 1978 ovoidal 9-11 68 - present, prominent present, small present, scattered
(10.0) (7.0)
Eimeria duculai Varghese, 1980 elongate 14-16 68 - present, prominent, absent present, compacted,
(15.5) (7.2) conical membrane-bounded
Eimeria gourai Varghese, 1980 elongate 10-13 4-6 - present absent present, compacted
(12.0) (5.5)
Eimeria palumbi McQuistion, 1991 ellipsoidal 15-17 89 1.8-2.1 present, nipple-like absent present, scattered
(15.3) (8.1) (1.9)
Eimeria curvata Adriano, Thyssen and Cordeiro, elongate 11-13 5-6 2.0-2.2 present, protuberant, absent present, compacted
2000 (12.3) (5.8) 2.1) nipple-like
Eimeria zenaidae Adriano, Thyssen and Cordeiro, elongate 12-14 7-8 1.7-1.9 present, large absent present, scattered
2003 (13.1) (7.4) (1.8)
Eimeria janovyi Bandyopadhyay, Bhakta and pyriform (12.1) (10.1) (1.2) present, large, absent present, scattered
Shukla, 2006 prominent
Eimeria livialis Alyousif, Al-Shawa and Al-Asiri, ellipsoidal 9-12 68 (1.6) present, small, absent present, scattered
2009 (10.6) 6.7) nipple-like
Eimeria columbapalumbi Jamriska and Modry, elongate ovoidal, 11-16 67 1.7-2.2 present absent present, scattered
2012 slightly asymmetrical (13.5) (6.5) (1.9)

...... continued on the next page
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TABLE 1. (Continued)

Coccidia Sporocysts
Shape Length Width  L/W ratio Stieda Substieda body Residuum
(pm) (pm) body
Eimeria mauritiensis Ball, Daszak, Swinnerton, - 8-14 6-7 - present present present
Jones and Snow, 2012 (12.0) (6.6)
Eimeria lyoni Yabsley, Bailey and Adams, 2015 ovoidal 12-14 7-8 1.5-1.9 present, knob-like present, roun- present, scattered,
(12.4) (7.3) (1.7) ded granules of ~1.0
Eimeria sp. of Yang et al. (2016) elongate ovoidal 12-15 5-7 2.0-2.2 present absent present, compacted
(13.0) (6.1) 2.1
Eimeria columbinae Ortuzar-Ferreira and Berto, ellipsoidal to slightly 8-10 5-6 1.6-2.0 present, flattened to present, present, scattered
2020 asymmetrical (9.0) 5.0 (1.77) half-moon-shaped rounded
Eimeria ferreirai Oliveira and Berto n. sp. elongate ovoidal to 12-15 68 1.8-2.2 present, triangular to absent present, scattered
boomerang-shaped (13.4) (6.9) (1.95) lozengal
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Abstract

Woodcreepers are passerines of the family Dendrocolaptidae, which have a high forest dependency. The current work aimed to
redescribe Isospora striata McQuistion et al. 1997, from two new hosts in protected areas in Brazil, revealing new localities of
parasitism, in addition to providing preliminary genotypic identifications via sequencing of the mitochondrial cytochrome ¢
oxidase subunit 1 (COI) gene from both host species. Isospora striata has oocysts that are subspheroidal to ovoidal, 19.4 x
16.8 pm with smooth wall. Oocyst residuum is absent, but micropyle and polar granules are present. Sporocysts are ovoidal, 13.6
x 8.3 pm, with both Stieda and sub-Stieda bodies. Sporocyst residuum is present and sporozoites with refractile body, nucleus,
and striations. The morphological study and the 100% similarity in sequencing of the COI gene between samples of different
dendrocolaptid species confirmed the identification of a single species, supporting the identification of 1. striata in the Brazilian
Atlantic forest and consequently the wide distribution of this coccidian species in the Neotropical Region.

Keywords Taxonomy - Morphology - Sequencing - Coccidia - Oocysts - Passeriformes - Parque Nacional de Itatiaia - Parque
Nacional da Serra dos Orgaos - Brazil

Introduction forest environments in the Neotropical Region (Marantz et al.
2003). Dependence on forest environments causes
dendrocolaptid species to suffer population decline and even
local extinction in altered forests and forest fragments
(Marantz et al. 2003; IUCN 2020). In the Atlantic Forest of
the Southeast and South of Brazil, several studies confirm this
vulnerability of the woodcreepers to anthropogenic changes,
notably forest fragmentation (Aleixo and Vielliard 1995;
Christiansen and Pitter 1997; Bornschein and Reinert 2000).
These birds feed predominantly on large insects, small verte-
brates, snails, and bird eggs that nest in tree cavities. They also
regularly follow mixed flocks and army ants, foraging in all strata
as dominant species (Sick 1997; Piacentini et al. 2015). This
predominantly insectivorous feeding habit potentially reduces
these birds the fecal-oral transmission of parasites, unlike frugiv-
orous birds (Dolnik et al. 2010). Among the various parasites in
this context, the coccidian protozoans can be highlighted due to
its great importance for biodiversity and conservation of birds.
To date, six coccidian species are recorded from Neotropical
woodcreepers, but none of them in Brazil. In this sense, the

Woodcreepers are passerines of the family Dendrocolaptidae,
which brings together 52 species distributed predominantly in
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current work aimed to redescribe Isospora striata McQuistion
et al. 1997, from two new hosts in protected areas in Brazil,
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revealing new localities and the wide distribution of this
coccidian species in the Neotropical Region. Additionally, the
present study will provide preliminary genotypic identifications
via sequencing of the mitochondrial cytochrome ¢ oxidase sub-
unit 1 (COI) gene from both host species.

Materials and methods
Sample collection

Eight expeditions were conducted in two Brazilian federal con-
servation units in Southeastern Brazil: (1) Itatiaia National Park,
a protected area with a high degree of vulnerability, located in
the Serra da Mantiqueira on the border of the States of Rio de
Janeiro, Minas Gerais, and Sdo Paulo (ICMBIO 2020a); and (2)
Serra dos Orgios National Park, another protected area created
for biodiversity conservation of the Serra do Mar in the moun-
tainous region of the State of Rio de Janeiro (ICMBIO 2020b).
The first six expeditions were conducted on March (22°27°
40.3"S, 44°35'31.9"W) and April (22°27'52.0"S, 44°3626.0"
W) 2015, October (22°27'40.3"S, 44°35'31.9"W) 2016, April
(22°2720.6"S, 44°3628.6"W) 2017, and May (22°27'40.3"S,
44°35'31.9"W) and August (22°26'57.0"S, 44°3625.0"W)
2018 in the Itatiaia National Park, and the last two expeditions
were conducted on February (22°2723.8"S, 42°59'58.7"W)
and August (22°2729.0"S, 43°00'08.8"W) 2019 in the Serra
dos Orgaos National Park. Mist nets were used for the capture
of the birds. Sixteen plain-winged woodcreepers Dendrocincla
turdina (Lichtenstein, 1820) in the Itatiaia National Park and
two white-throated woodcreepers Xiphocolaptes albicollis
(Vieillot, 1818) in the Serra dos Orgios National Park were
captured. The captured birds were specifically identified
(Sigrist 2014) and photographed. Subsequently, the birds were
kept in individual boxes lined with clean paper until defecation,
when they were released at the same place of capture. Each
fresh droplet of feces from each individual bird was placed
individually in a centrifuge tube with a potassium dichromate
2.5% (K»Cr,07) solution.

Morphological analyses

Samples were transported to the Laboratorio de Biologia de
Coccidios, Universidade Federal Rural do Rio de Janeiro
(UFRRJ). Samples were incubated in the centrifuge tubes
and regularly oxygenated by shaking, at room temperature
(~25 °C) for 10 days or until ~70% of the oocysts were spor-
ulated. Oocysts were isolated by flotation in Sheather’s sugar
solution (Specific gravity: 1.20) and examined microscopical-
ly using the technique described by Duszynski and Wilber
(1997) and Berto et al. (2014a). Morphological observations,
line drawings, photomicrographs, and measurements were
made using an Olympus BX binocular microscope

(Olympus Optical, Tokyo, Japan) coupled to a digital camera
Eurekam 5.0 (BEL Photonics, Monza, Italy). Line drawings
were edited using two software applications from
CorelDRAW® (Corel Draw Graphics Suite, Version 11.0,
Corel Corporation, Canada), i.e., Corel DRAW and Corel
PHOTO-PAINT. All measurements are in micrometers and
are given as the range followed by the mean in parentheses.

Molecular analyses

Individual oocysts identified with the same characteristic fea-
tures under light microscopy were isolated, resuspended in
PBS, and washed by centrifuging until the supernatant be-
came clear (Dolnik et al. 2009). DNA was extracted from
the oocysts using the Qiagen DNeasy Blood and Tissue Kit
(Qiagen, Sdo Paulo, Brazil) according to the manufacturer’s
instructions. In order to fully lyse the oocysts, four freeze-
thaw cycles were applied prior to the DNA extraction. The
PCR amplification for the COI gene was carried out using a
nested PCR, as previously described by Dolnik et al. (2009)
and Yang et al. (2015). The external primers COIbF1 (5'-
GWT CAT TAG TAT GGG CAC ATC A-3") and COIbR1
(5'-CCA AGA GAT AAT ACR AAR TGG AA-3") produced
a PCR product of 302 bp in size. The internal primes COIbF2
(5-GGG CAC ATC ATA TGA TGA C-3") and COIbR2 (5'-
ATA GTA TGT ATC ATG TAR WGC AA-3") produced an
amplicon of 257 bp in size. The PCR reaction contained 12.5
UL of GoTaq® G2 Hot Start Colorless Master Mix (Promega)
(1x), 0.25 pL of each primer (0.2 pM), 3 pL of DNA (for
primary reaction) or 3 UL of primary PCR product (for the
secondary reaction), and 9 PL of nuclease-free water. Both
primary and secondary PCR were conducted using the same
cycling conditions: 1 cycle of 94 °C for 5 min, followed by 35
cycles 0f 94 °C for 30 s, 47 °C for 45 s, and 72 °C for 1 min
and a final extension of 72 °C for 5 min. The amplicons from
the second round of PCR were purified using the Qiagen
MinElute PCR Purfication (Qiagen, Sdo Paulo, Brazil).

DNA sequence analyses

All PCR products were sequenced using the PCR forward and
reverse primers by Ludwig Biotechnology, using an ABI-
Prism 3500 Genetic Analyzer (Applied Biosystems, Foster
City, California) for Sanger sequencing. The results of the
sequencing reactions were analyzed and edited using the pro-
gram Chromas 2.6. Sequences were compared to each other
and with other coccidian parasites available on the GenBank
database using the Basic Local Alignment Search Tool
(BLAST). Phylogenetic trees were constructed for coccidian
species at the COI sequences for additional isolates from
GenBank. Alignment and parsimony analyses were conduct-
ed using MEGA version 7 (Tamura et al. 2007). The evolu-
tionary history was inferred using the neighbor joining (NJ)



Parasitol Res

and maximum likelihood (ML) methods, and the distances
were computed using the Tamura-Nei method based on model
selection using ModelTest in MEGA 7. Initial trees for the
heuristic search were obtained automatically by applying
neighbor joining and BioNJ algorithms to a matrix of pairwise
distances estimated using the maximum composite likelihood
approach and then selecting the topology with superior log
likelihood value. Bootstrap analyses were conducted using
1000 replicates to assess the reliability of inferred tree
topologies.

Results
Prevalence and identification

Sixteen D. turdina from the Itatiaia National Park were exam-
ined, and 9 were positive for coccidian oocysts. The two
X. albicollis captured in the Serra dos Orgdos National Park
were also positive. These oocysts from both host species, after
sporulation, were morphologically identified as /. striata. This
material is described below.

* Isospora striata McQuistion et al. 1997 (Figs. 1 and 2a-j)
* Kingdom: Chromista Cavalier-Smith, 1981

*  Phylum: Miozoa Cavalier-Smith, 1987

* Infraphylum: Apicomplexa Levine, 1970

* Class: Coccidiomorphea Doflein, 1901

e Subclass: Coccidia Leuckart, 1879

* Family: Eimeriidae Minchin, 1903

*  Genus: Isospora Schneider, 1881

Oocyst (n = 88) subspheroidal to ovoidal, 16-23 x 13-
21 (19.4 x 16.8); length/width (L/W) ratio 1.0-1.4 (1.16).
Wall bi-layered, 1.1-1.5 (1.3) thick, outer layer smooth,
¢.2/3 of total thickness. Micropyle delicate or inconspicu-
ous, 2.8-7.1 (4.2) wide. Oocyst residuum is absent, but 1-
3 polar granules are present. Sporocyst ovoidal, 11-16 X 6-
10 (13.6 x 8.3); L/W ratio 1.5-2.0 (1.64). Stieda body is
present, protruding, rounded to knob-like, 1.1-2.1 high
x 1.2-1.6 wide (1.3 x 1.4). Sub-Stieda body is present,
rectangular to rounded, and lying directly beneath the
Stieda body, 1.0-1.4 high x 1.4-2.2 wide (1.2 x 1.9). Para-
Stieda body is absent. Sporocyst residuum is present,
consisting of granules partially bound and/or diffused.
Sporozoites vermiform, with posterior refractile body, cen-
tral nucleus, and striations.

Taxonomic summary

Hosts: Dendrocincla turdina (Lichtenstein, 1820) (Aves:
Passeriformes: Tyranni: Dendrocolaptidae: Sittasominae),

Fig. 1 Composite line drawing of the sporulated oocyst for redescription
of Isospora striata from woodcreepers in the Brazilian Atlantic forest.
Scale bar: 10 pm

plain-winged woodcreeper; Xiphocolaptes albicollis
(Vieillot, 1818) ( Aves: Passeriformes: Tyranni:
Dendrocolaptidae: Dendrocolaptinae), white-throated
woodcreeper.

Localities: Itatiaia National Park (22°27'S, 44°35'W) and
Serra dos Orgios National Park (22°27'S, 43°00'W), both
from Southeastern Brazil.

Specimens: Photomicrographs, line drawing, and oo-
cysts in 2.5% K,Cr,O7 solution (Williams et al. 2010)
are deposited at the Museu de Zoologia at the
Universidade Federal Rural do Rio de Janeiro, Brazil, un-
der accession numbers MZURPTZ2020026 (D. turdina)
and MZURPTZ2020027 (X. albicollis). Photomicrographs
are also deposited and available (http://r1.ufrrj.br/labicoc/
colecao.html) in the Parasitology Collection of the
Laboratdrio de Biologia de Coccidios, at UFRRJ, under
repository numbers 110/2020 (D. turdina) and 111/2020
(X. albicollis). Photovouchers of the host specimens are
deposited in the same collection.

Representative DNA sequence: DNA amplification of the
COI gene showed clear bands around ~250 bp. Representative
sequences were deposited in the GenBank database under the
accession numbers MW582619 (D. turdina) and MW582620
(X albicollis).

Site of infection: Unknown.

Prevalence: 61% (11/18) in total; 56% (9/16) for
D. turdina; and 100% (2/2) for X. albicollis.


http://r1.ufrrj.br/labicoc/colecao.html
http://r1.ufrrj.br/labicoc/colecao.html
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Fig. 2 Photomicrographs of Isospora striata recovered from plain-
winged woodcreepers Dendrocincla turdina (a-e) and white-throated
woodcreepers Xiphocolaptes albicollis (f-j). Note the inner (il) and the
smooth outer (sol) layer of the oocyst wall, micropyle (m), nucleous (n),

Phylogenetic analysis

Phylogenetic analysis based on the COI gene included se-
quences from coccidians available in GenBank (Fig. 3).
Eimeria tenella (Railliet and Lucet, 1891) was used as the
outgroup. Isospora striata from D. turdina and X. albicollis
were 100% identical and sat in a clade with the similarity of
99% with Isospora feroxis Berto, Luz, Flausino, Ferreira, and
Lopes, 2009, which is a parasite of tyrant-flycatchers

Fig. 3 Maximum likelihood tree
estimated from the COI gene
sequences of Isospora species.
Numbers at nodes represent
bootstrap support 1000 replicates
(> 50%) for neighbor joining (NJ)
and maximum likelihood (ML),
respectively. Scale bar represents
the number of nucleotide
substitutions per site

polar granules (pg), refractile body (rb), sporocyst residuum (sr), Stieda
body (sb), and sub-stieda (ssb) bodies and striations (str). Scale bar: 10
pm

(Tyranni: Tyrannoidea) in Brazil (Ortuzar-Ferreira et al.
2021). Isospora striata was also close to other Isospora spp.
of neotropical suboscine passerines (Tyranni), such as
Isospora saggitulae McQuistion and Capparella, 1992, of
antbirds (Thamnophilidae) with 96% similarity (Silva-
Carvalho et al. 2018) but also with neotropical oscine passer-
ines (Passerti), such as Isospora massardi Lopes, Berto, Luz,
Galvao, Ferreira and Lopes, 2014, of thrushes (Turdidae) with
97% similarity (Genovez-Oliveira et al. 2020), in addition to

Isospora butcherae (KYB01687) - Zosterops lateralis (Passeri: Zosteropidae)

Isospora superbusi strain MTZ2 (KT203396) - Lamprotornis superbus (Passeri: Sturnidae)
Isospora greineri (KR108298) - Lamprotornis superbus (Passeri: Sturnidae)

Isospora sp. RY-2015¢ isolate RBF (KT224378) - Manorina flavigula (Passeri: Meliphagidae)
Isospora coronoideae (MK867778) - Corvus coronoides (Passeri: Corvidae)

Isospora sp. isolate EmbCi1 PT (MK573834) - Emberiza citrinella (Passeri: Emberizidae)
Isospora sepetibensis (MK682606) - Trichothraupis melanops (Passeri: Thraupidae)

Isospora sporophilae (MH464545) - Sporophila frontalis (Passeri: Thraupidae)

Isospora sporophilae (MH464544) - Haplospiza unicolor (Passeri: Thraupidae: Diglossinae)

Isospora massardi (MN602625) - Turdus albicollis (Passeri: Turdidae)

Isospora lopesi (MF438267) -

Isospora borbai (MK057528) - Conopophaga spp. (Tyranni: Conopophagidae)

Isospora sagittulae (MF981005) - Willisornis poecilinotus (Tyranni: Thamnophilidae)

Isospora sagittulae (MF981004) - Pyriglena leucoptera (Tyranni: Thamnophilidae)

Platyrinchus mystaceus (Tyranni: Tyrannidae)

Isospora feroxis (MT563402) - Tolmomyias sulphurescens (Tyranni: Rhynchocyclidae)

4848 !“ml Isospora striata (MW582620) - Xiphocolaptes albicollis (Tyranni: Dendrocolaptidae)
] Isospora striata (MW582619) - Dendrocincla turdina (Tyranni: Dendrocolaptidae)

Isospora manorinae (KT224377) - Manorina flavigula (Passeri: Meliphagidae)

Isospora erithaci (MK573839) - Erithacus rubecula (Passeri: Muscicapidae)

Isospora sp. isolate ParMa11 PT (MK573833) - Parus major (Passeri: Passerida: Paridae)
Isospora sp. iSAT1 (FJ269357) - Sylvia atricapilla (Passeri: Sylviidae)

Isospora sp. isolate PhoOc1 L (MK573842) - Phoenicurus ochruros (Passeri: Muscicapidae)

Isospora hypoleucae (FJ269363) - Ficedula hypoleuca (Passeri: Muscicapidae)
Isospora parnaitatiaiensis (MT233550) - Dysithamnus mentalis (Tyranni: Thamnophilidae)
Isospora sp. isolate TurPh1 JT (MK573832) - Turdus philomelos (Passeri: Turdidae)

Isospora sp. isolate TurMe8 PT (MK573840) - Turdus merula (Passeri: Turdidae)
Isospora serinuse (KX276860) - Serinus canaria (Passeri: Fringillidae)

Isospora sp. isolate TurMe1 PT (MK573835) - Turdus merula (Passeri: Turdidae)
Isospora parnaitatiaiensis (MT233551) - Pyriglena leucoptera (Tyranni: Thamnophilidae)
Isospora oliveirai (MT276845) - Schiffornis virescens (Tyranni: Tityridae)

Eimeria tenella (FJ236398)




Table 1  Comparative morphology of Isospora spp. recorded from woodcreepers (Dendrocolaptidae)
Coccidia Locality References Oocysts
Shape Length (pm) Width (um) L/W ratio Wall Residuum Micropyle
Isospora concentrica Dendrocolaptes South McQuistionand  Ovoid 24-30(26.9)  21-25(22.7) 1.04-1.38 Smooth Absent  Absent
McQuistion and America, Caparella
Caparella, 1995 (Boddaert, 1783) Equador (1995)
Isospora magna South McQuistionand ~ Ovoidal 26.0-31.0 23.0-26.0 1.08-1.30 Smooth Absent Absent
McQuistion and America, Caparella (29.7) (24.9) (1.20)
Caparelia, 1992 rquaaor (1992)
Isospora ocellati Xiphorhynchus South McQuistion et al. Ovoidal 18-21(20.0)  15-19(17) 1-1.3(1.2) Smooth Absent Absent
McQuiston, Walden and America, (1997)
Caparella, 1997 Equador
Isospora striata McQuiston, X. ocellatus (Spix, South McQuistion et al. Ovoidal 16-20 (18) 15-17 (16) 1.1-1.2(1.2)  Smooth Absent Absent
Walden and Caparella, America, (1997)
1997 Equador
Xiphocolaptes South Current work Subspheroidal  16-23 (19.4)  13-21(16.8) 1.0-1.4(1.2)  Smooth Absent Present,
America, to inconspicuous
(Vieillot, 1818); Brazil ovoidal
(Lichtenstein, 1820)
Isospora ubique McQuistion Glyphorynchus South McQuistion and ~ Subspherical 21-27(23.4) 19-24(21.8) 1.00-1.23 Smooth Absent Absent
and Caparella, 1997 America, Caparella (1.07)
(Vieillot, 1819) Equador (1997)
Isospora dendrocinclae Dendrocincla merula  South McQuiston Subspherical to  15-23 14.5-19 1.1-1.3(1.2)  Smooth Absent Absent
McQuistion, Galewsky (Lichtenstein, 1820) America, etal. (2010) ovoid
and Caparella, 2010 Guyana
Coccidia Sporocysts Sporozoites
Length (pm)  Width (um)  L/W ratio Stieda body Substieda body Residuum  Refractile Nucleus Striations
body
Isospora concentrica 15.0-18.0 9.0-12.0 1.42-1.70 Block-shaped Ovoidal or Present, Present, 1 Present Present
McQuistion and ellipsoidal (17.2) (11.0) (1.56) bubble-shaped compact posterior
Caparella, 1995
Isospora magna 15.0-20.0 11.0-14.0 1.07-1.82 Broad, dome-like Inconspicuous Composed  Present, 2 Present Absent
McQuistion and (15.8) (12.6) (1.28) of
Caparella, 1995 uniform
Isospora ocellati 11-13 (12) 7-9 (8) 1.2-1.7(1.5) Dome or Elipsoidal Composed  Present, 1 Present Absent
McQuiston, Walden and bubble-like posterior
Caparella, 1997
Isospora striata 11-12(11) 7-8 (8) 1.4-1.5(1.4) Protruding and Rectangular Compact, Present, 1 Present Present
McQuiston, nipple-like spherical posterior
11-16 (13.6) 6-10(8.3) 1.5-2.0(1.6) Present Present

soy [olseleq
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Table 1 (continued)

Present, 1

Rectangular to Compact or

Protruding,

Subspherical to

Walden and Caparella,

1997

posterior

rounded diffused

rounded

ellipsoidal,
1-3

Ovoid

to knob-like

Nipple-like

Present Absent

Present, 1

Composed

Absent

9-11(10.1) 1.36-1.67

14-16 (14.8)

Ovoidal

Isospora ubique

posterior

(1.46)

McQuistion

and Caparella, 1997
Isospora dendrocinclae

Present Absent

Subspherical Present, 1

Slightly larger

Small and

7-10 1.6-1.8 (1.7)

12-14

Ovoid

Subspherical

posterior

and subglobular

knob-like

McQuistion, Galewsky
and Caparella, 2010

other Isospora spp. from other distant zoogeographic regions,
such as Isospora coronoideae Liu et al. 2019, from Australian
ravens Corvus coronoides Vigors and Horsfield, 1827
(Passeri: Corvidae) from Australia with 95% similarity (Liu
et al. 2019).

Discussion

In Brazil, Passeriformes brings together 37 families distribut-
ed in all Brazilian biomes (Atlantic Forest, Amazon, Pantanal,
Caatinga, Cerrado, and Pampa), comprising more than half of
all birds. Dentrocolaptidae comprises 14 genera and 43 spe-
cies known as “arapagus” in Brazil (Piacentini et al. 2015).
Despite this great diversity, the current work reports for the
first time an Isospora sp. from Brazilian woodcreepers. The
low density and prevalence expected from insectivorous birds
(Dolnik et al. 2010) could justify this first report in Brazilian
woodcreepers only in 2020; however, contrary to what was
expected, the prevalence was reasonably high in the current
study (61%), even with the low number of woodcreepers
analyzed.

Isospora striata was originally described from ocellated
woodcreepers Xiphorhynchus ocellatus (Spix, 1824) in the
province of Morona-Santiago, about 5 km southwest of
Taisha, in Ecuador (McQuiston et al. 1997). The oocysts iden-
tified in the current study were morphologically compatible
with this original description by McQuistion et al. (1997);
with the exception of the presence of the micropyle and other
minor differences in size and shape of some characteristic
features (Table 1). The micropyle identified in the oocysts of
the current work is delicate and inconspicuous, being difficult
to observe in most oocysts; therefore, it must have been un-
observed by McQuistion et al. (1997). The differences in the
morphometry might be justified by the greater number of oo-
cysts measured in the current study, in addition to the greater
number of host species and specimens (Sampaio 2002; Berto
and Lopes 2020). The morphometric comparison between the
oocysts of the two hosts of the current work was suppressed,
due to the low number of oocysts and hosts X. albicollis in
relation to D. turdina, which would weaken any statistical
analysis. In any case, the morphometric differences between
current and original work of McQuistion et al. (1997) were
mainly associated with the measured ranges, while the means
were closer. In fact, the main characteristic features that guid-
ed the identification as /. striata in the current work were the
striations in the sporozoites and the rectangular sub-Stieda
body, which were exceptionally highlighted by McQuistion
et al. (1997) for being the main distinctive features of I. striata
in comparison to the other Isospora spp. recorded from
Dencrocolaptidae (Table 1).

The hosts of the current study, D. turdina and X. albicollis,
and the host of the original description of /. striata,
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Xiphorhynchus ocellatus

B Xiphorhynchus chunchotambo
Xiphocolaptes albicollis

B X albicollis + Dendrocincla turdina
Andes Mountains

Fig. 4 Geographic range of the dendrocolaptid hosts of Isospora striata
in the Neotropical Region [based on data from IUCN 2020].
Xiphorhynchus chunchotambo and Xiphorhynchus ocellatus are
distributed in the Amazon. The news hosts Xiphocolaptes albicollis and
Dendrocincla turdina have geographic ranges in the Altlantic Forest in

X ocellatus, are not sympatric. In fact, the original host iden-
tified by McQuistion et al. (1997) is potentially the current
Tschudi’s woodcreeper Xiphorhynchus chunchotambo (von
Tschudi, 1844), which was previously classified as a subspe-
cies of X. ocellatus. Nevertheless, currently, only
X chunchotambo has distribution in Ecuador, while
X. ocellatus is restricted to the Brazilian and Peruvian
Amazon, being slightly sympatric with X. chunchotambo in
the Brazilian States of Acre and Rondonia (Fig. 4). At the
opposite end in South America, D. turdina and X. albicollis
are distributed strictly in the Atlantic Forest.

Thus, the non-sympatry of these hosts could be incompat-
ible with the identification of . striata in the current study,
since the transmission of Isospora spp. is fecal-oral and, there-
fore, depends on the minimum sympatry for there to be
transmission/dispersion of its oocysts; however, as assumed
in the studies by Berto et al. (2014b), Silva et al. (2017), and
Silva-Carvalho et al. (2018), susceptible hosts with wide geo-
graphic distributions in South America could transmit
L striata to a wide range of sympatric susceptible hosts. In
this way, the eastern olivaceous woodcreeper Sittasomus
griseicapillus (Vieillot, 1818) and straight-billed woodcreeper
Dendroplex picus (Gmelin, 1788) can be potential
transmitters/dispersers of /. striata in South America, since
they have wide geographical distributions and are sympatric
with X. ocellatus/X. chunchotambo, D. turdina, and
X. albicollis (Fig. 4). It is worth mentioning that this

B Sittasomus griseicapillus
Andes Mountains

B Dendroplex picus
Andes Mountains

southeastern Brazil (a). Sittasomus griseicapillus (b) and Dendroplex
picus (c) are examples of woodcreepers with wide Neotropical
geographic ranges that are sympatric with X. chunchotambo,

X ocellatus, X. albicollis, and D. turdina

assumption is based on the concept of specificity at the host
family level, which has been widely accepted in the numerous
studies of coccidian taxonomy (Duszynski and Wilber 1997;
Berto et al. 2011).

The genotypic similarity of 100% at the COI gene between
the samples of D. turdina and X. albicollis confirms the iden-
tification of a single species of these hosts and reinforces the
identification of /. striata in the Brazilian Atlantic forest, be-
cause if this species can parasitize woodcreepers of different
species, potentially this species must be widely distributed
within the geographic ranges of neotropical woodcreepers
(Fig. 4) (Berto and Lopes 2020).

The phylogenetic analysis of Fig. 3 does not allow further
conclusions about the origin or aspects of monophyletic
groups, since Isospora spp. from passerines of different fam-
ilies and suborders, from different and distant zoogeographic
regions and with different characteristics sat in the same
clades. Indeed, the use of a single gene for genotypic identifi-
cation of Isospora spp. does not allow a more detailed phylo-
genetic characterization (Yang et al. 2021); in any case, the
COI gene has been the most indicated for species confirmation
(Ogedengbe et al. 2011, Yang et al. 2015, Silva-Carvalho
et al. 2018) and the most used for genotypic and phylogenetic
studies of Isospora spp., possibly due to the favorable extrac-
tion and amplification of mitochondrial genes, which are in a
greater number of copies, from individual oocysts (Dolnik
et al. 2009).
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Finally, based on the morphological and molecular features
described above, I striata is redescribed in the current work,
documenting two new hosts, D. turdina and X. albicollis, and
new localities in the Brazilian Atlantic forest, the Itatiaia
National Park and the Serra dos Orgaos National Park.
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Abstract

Columbiformes have a worldwide distribution, of which 166 species occur in Eurasia. They have been reported parasitized
by coccidians recurrently in recent years; however, Eimeria labbeana (Labbé, 1896) Pinto, 1928, which is first Eimeria
sp. from Columbiformes described in the late nineteenth century, is not taxonomically identified by its oocysts since the
1930s. In this context, the current study aimed to supplement the morphology of E. labbeana from Eurasian collared doves
Streptopelia decaocto Frivaldszky, 1838 and from a common woodpigeon Columba palumbus Linnaeus, 1758 in Portugal,
providing a preliminary genotypic characterization. Three of the four columbiforms were positive for oocysts identified as
E. labbeana, which were morphologically revised as having micropyles, in addition to other minor adjustments. Oocysts
from S. decaocto and C. palumbus were morphologically identical and equivalent in all morphometric aspects, besides hav-
ing genotypic similarity of 99.5%. Phylogenetic analysis based on the mitochondrial cytochrome ¢ oxidase subunit 1 gene
resulted in a large clade with Eimeria spp. and Isospora spp. from different vertebrates and low similarity between Eimeria
spp. from Columbiformes, whereas the phylogenetic analysis based on the small subunit ribosomal RNA gene resulted in
well-supported monophyletic groups, including one with the coccidians of columbiform birds.

Keywords Oocysts - Coccidia - Taxonomy - Morphology - Genotyping - Phylogeny - Pigeons - Doves - Eurasia

Introduction an exceptional sense of orientation that allow long-distance
flights. This fact allows them to have geographic distribu-
tions that are almost always continental, crossing two or
three continents (IUCN 2020; Sick 1997). The rock dove or
common pigeon Columba livia Gmelin, 1789 exemplifies an

extreme geographical distribution, since that it is native to

The birds classified in the order Columbiformes are the
pigeons and doves which are 369 species worldwide, being
166 distributed in Eurasia (IUCN 2020). They are birds with
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33 Eurasia and North Africa and introduced in all other conti-
34 nents on the planet, where it has adapted widely, mainly in
35 urban areas (IUCN 2020).

36 Most columbiform birds feed on the ground looking for
37 grains and seeds (Sick 1997). This habit favors the transmis-
38 sion of parasites through the fecal—oral route, as the coccid-
39 ians, which have been widely reported from columbiforms
in recent years (Dolnik et al. 2010). Among the coccidian
41 species recorded from Columbiformes, Eimeria labbeana
42 (Labbé, 1896) Pinto, 1928 can be highlighted as the first
43 species to be described in the nineteenth century by Dr.
44 Alphonse Labbé (Labbé1896; Ortuzar-Ferreira et al. 2020).
45 Over the following decades, E. labbeana was frequently
46 used in studies of experimental assays, ultrastructure or
47 coccidian biology in general (Duncan 1957; Quevedo and
48 Arcay-de-Peraza 1980; Coussement et al. 1988; Marzouk
et al. 1989; Vercruysse 1990), although it was last taxonomi-
50 cally studied in the 1930s by Nieschulz (1935).

51 In this context, the current study provides supplemen-
52  tary data obtained from morphologic and molecular analyses
53 (mitochondrial cytochrome ¢ oxidase subunit 1 (COI) and
54 small subunit ribosomal RNA (sstrRNA)) of E. labbeana
55  obtained from Eurasian collared doves Streptopelia decaocto
56 Frivaldszky, 1838 and from a common woodpigeon
57 Columba palumbus Linnaeus, 1758 from Lisbon, Portugal.

s Materials and methods
59 Samples

60 Fecal samples were collected from three Eurasian collared
61 doves S. decaocto and one common woodpigeon Columba
62 palumbus Linnaeus, 1758. These birds were undergoing
63 rehabilitation treatment for reintroduction into the wild at
64 the Lisbon Center for Wild Animal Recovery, in Monsanto
65 Forest Park, Lisbon, Portugal. These fecal samples were
66 collected after defecation and stored in plastic containers
67 containing 2.5% potassium dichromate (K,Cr,O7) solution
68 at 1:6 (v/v).

69 Morphology

70  Fecal samples were collected from three Eurasian collared
71 doves S. decaocto and one common woodpigeon C. palum-
72 bus. These birds were undergoing rehabilitation treatment
73 for reintroduction into the wild at the Lisbon Center for
74 Wild Animal Recovery, in Monsanto Forest Park, Lisbon,
75 Portugal. These fecal samples were collected after defeca-
76 tion, stored in plastic containers containing 2.5% potassium
77 dichromate (K2Cr207) solution at 1:6 (v/v) and maintained
78 at room temperature for one week in order to sporulate the
79 oocysts. After this period, the sporulated oocysts were sent
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to the Laboratorio de Biologia de Coccidios, Universidade 8o
Federal Rural do Rio de Janeiro for specific identification 81
using the technique described by Duszynski and Wilber 82
(1997) and Berto et al. (2014). The morphological study, 83
measurements, line drawings, and photomicrographs were 84
made using an Olympus BX binocular microscope (Olym- 85
pus Optical, Tokyo, Japan) linked to an Eurckam 5.0 digi- 86

tal camera (BEL Photonics, Monza, Italy). Line drawings 87
were edited using the applications Corel DRAW and Corel 88
PHOTO-PAINT from CorelDRAW® software (Corel Draw 89
Graphics Suite, version 11.0, Corel Corporation, Canada). 90
The measurements are given as the range followed by the 91

mean in parentheses, always in micrometers. 92
Statistics 93
D'Agostino’s test of normality was used to evaluate the 94

measurements of length, width, and length/width (L/W) ratio 95
of the oocysts and sporocysts. Then, these measurements of 96
eimerian oocysts and sporocysts obtained of S. decaocto and 97
C. palumbus were statistically evaluated by analysis of vari- 98
ance (ANOVA). The statistical package Bioestat 5.0 (Ayres 99
et al. 2020) was used to calculate the mean, variance, degree [XeZj 0
of freedom, and p value (Berto et al. 2014; Sampaio 2002). 101

DNA extraction 102

The isolation of a single oocyst from each sample was 103
achieved by serial dilutions of the oocysts in drops using 104
a sterile micropipette on a microscope slide, according to 105
guidelines of Dolnik et al. (2009). The isolated oocysts were 106
resuspended in PBS and washed by centrifugation until 197
the supernatant became clear. The DNA of these isolated 108
oocysts was extracted using the Qiagen DNeasy Blood and 109
Tissue kit (Qiagen, Sdo Paulo, Brazil) following the manu- 110
facturer’s instructions. In order to smooth the oocysts, four 114
freeze-thaw cycles were employed prior to DNA extraction. 112
All precautions were taken to avoid contamination during 113
extraction and amplification, including: the reagents were 114
prepared in a laminar flow biological safety cabinet; all sam- 115
ples were recorded individually; and negative controls were 116
used for the amplification reactions. 117

COl amplification 118

A nested PCR was used to amplify~250 bp of the COI 119
gene by PCR (Dolnik et al. 2009; Yang et al. 2015). Initially 120
a PCR product of ~30 2 bp was obtained by the external 121
primers (COIbF1: 5'-GWTCATTAGTATGGGCACATCA- 122
3’; COIbR1: 5-CCAAGAGATAATACRAARTGGAA-3"). 123
Then, the internal primers (COIbF2: 5'-GGGCACATCATA 124
TGATGAC-3"; COIbR2: 5'-ATAGTATGTATCATGTAR 125
WGCAA-3') produced an amplicon of ~257 bp in size. The 126
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PCR reaction included 12.5 pL of GoTaq® G2 Hot Start
Colorless Master Mix (Promega Labs) (1 %), 0.25 puL of
each primer (0.2 pM), 3 pL of genomic DNA (for primary
reaction) or 3pL primary PCR product (for the secondary
reaction), and 9 pL of nuclease-free water. The primary and
secondary PCRs were employed using the same cycling con-
ditions: 1 cycle of 94 °C for 5 min, followed by 35 cycles
0of 94 °C for 30 s, 47 °C for 45 s, and 72° C for 1 min and a
final extension of 72 °C for 5 min. The amplicons obtained
from the second round PCRs were purified using the Reli-
aPrepTM DNA Clean-up and Concentration System (Pro-
mega Corporation, Sao Paulo, Brazil).

ssrRNA amplification

A one step PCR was used to amplify ~ 444 bp of the ssTRNA
gene by PCR, as previously described by Genovez-Oliveira
et al. (2020). The primers were as follows: INF (5'-CAG
GCTTGTCGCCCTGAATA-3") and INR (5'-CTGGACCTG
GTGAGTTTCCC-3'). For amplification, a 25 pL. PCR reac-
tion was prepared using 3 pL of genomic DNA (<1 pg), 12.5
pL of GoTaq® G2 Hot Start Colorless Master Mix (Promega
Labs) (1 x), 0,25 uL of each primer (0.2 uM), and 9 pL of
nuclease-free water. PCR was employed using the following
cycling conditions: 1 cycle of 94 °C for 5 min, followed by
35 cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for
30 s and a final extension of 72 °C for 5 min. The amplicons
obtained from the PCR were purified using the ReliaPrepTM
DNA Clean-up and Concentration System (Promega Corpo-
ration, Sdo Paulo, Brazil).

DNA sequencing

The PCR products obtained in the current work were
sequenced using the PCR forward and reverse primers by
Ludwig Biotechnology. An ABI-Prism 3500 Genetic Ana-
lyzer (Applied Biosystems, Foster City, California) was
used for Sanger sequencing. The obtained sequences were
studied and edited using Chromas 2.6 (https://chromas.
software.informer.com/). The similarities of the sequences
were searched with the Basic Local Alignment Search Tool
(BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.cgi) search
program. Phylogenetic trees were constructed for coccid-
ians at the COI and ssrRNA sequences for additional isolates
from GenBank. Alignment using ClustalW algorithm and
parsimony analyses were employed using MEGA version 7
(Tamura et al. 2007). The evolutionary history was inferred
using the neighbor-joining (NJ) and maximum likelihood
(ML) methods, and the distances were computed using the
Tamura-Nei method based on model selection using Model-
Test in MEGA 7. Bootstrap analyses were conducted using
1000 replicates to assess the reliability of inferred tree
topologies.

Results
Taxonomy and prevalence

Four columbiform birds (3 S. decaocto and 1 C. palum-
bus) were examined. Two S. decaocto and one C. palumbus
were positive for a coccidian species, which was morpho-
logically identified as E. labbeana (Figs. 1 and 2A—H). Sup-
plementary morphological data and molecular analyses are
provided.

Oocyst (n = 73) sub-spheroidal to ellipsoidal, 16—
21 um X 14—18 pm (18.7x15.7 um); L/W ratio 1.0-1.4
(1.2). Wall bi-layered, 1.0-1.5 um (1.2 um) thick, outer
layer smooth. Micropyles are often present, more dis-
cernibly one at the longitudinal end and the other at the
side. Oocyst residuum absent, but one to three polar gran-
ules are present. Sporocysts (n = 73) 4, ovoidal or slightly
reniform, 10-14 um x 5-7 um (12.2 x 6.4 pm); L/W ratio
1.8-2.4 (2.1). Stieda body present, prominent triangular,
1.0-1.3 pm x 1.2-1.4 um (1.2 x 1.3 um); sub-Stieda and
para-Stieda bodies absent; sporocyst residuum present, com-
posed of scattered spherules. Sporozoites 2, vermiform, with
anterior and posterior refractile bodies and a nucleus.

Fig. 1 Line drawing of Eimeria labbeana, a coccidium species recov-
ered from columbiform birds. Scale bar: 10 pm
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Fig. 2 Photomicrographs of
sporulated oocysts of Eimeria
labbeana, a coccidium species
recovered from (A—D) Strep-
topelia decaocto and (E-H)
Columba palumbus from Portu-
gal. Note the anterior (arb) and
posterior (prb) refractile bodies,
inner (il) and outer (ol) layer of
the oocyst wall, micropyle (m),
nucleus (n), polar granule (pg),
sporocyst residuum (sr), and
the Stieda body (sb). Scale bar:
10 pm

Taxonomic summary

Hosts: The Eurasian collared dove Streptopelia decaocto
Frivaldszky, 1838; and the common woodpigeon Columba
palumbus Linnaeus, 1758 (Aves: Columbiformes: Columbidae).

Locality: Lisbon Center for Wild Animal Recovery (Centro
de Recuperagdo de Animais Silvestres de Lisboa), Monsanto
Forest Park, Lisbon, Portugal (38°44'22.9"N, 9°11'02.3"W).

Specimens: Photomicrographs, line drawing, and oocysts
in 2.5% K>Cr,07 solution, according to guidelines of Wil-
liams et al. (2010), are deposited at the Museu de Zoolo-
gia at the Universidade Federal Rural do Rio de Janeiro,
Brazil, under accession numbers MZURPTZ2020023 (S.
decaocto) and MZURPTZ2020024 (C. palumbus). Photo-
micrographs are also deposited and available (http://rl.uftrj.
br/labicoc/colecao.html) in the Parasitology Collection of
the Laboratorio de Biologia de Coccidios, at UFRRJ, under
repository numbers 106/2020 (S. decaocto) and 107/2020
(C. palumbus). Photovouchers of the host specimens are
deposited in the same collection.

Representative DNA sequence: DNA amplification of the
COI and ssrRNA genes showed clear bands around ~ 250 bp
and ~ 400 bp, respectively. Representative sequences were
deposited in the GenBank database under the accession
numbers: MT475825 (COlI, S. decaocto); MT475826 (COI,
C. palumbus);, and MT472289 (sstrRNA, S. decaocto).

Site of infection: Unknown.

Prevalence: 75% (3/4) in total; 67% (2/3) for S. decaocto;
and 100% (1/1) for C. palumbus.

Remarks

The comparative morphology between FEimeria spp.
recorded from Columbiformes and the oocysts identified
in the current study are shown in Table 1. Oocysts from
S. decaocto and C. palumbus were morphologically iden-
tical to each other and equivalent in all morphometric

1 3

aspects by ANOVA (Table 1). The identification as F.
labbeana was based on the typical characteristic of the
prominent triangular Stieda body, presence of micropyle
according to the description of Pinto (1928), in addition
to the similar sizes and shapes of oocysts and sporocysts.
In addition to E. labbeana, the species Eimeria colum-
barum Nieschulz, 1935, Eimeria curvata Adriano et al.,
2000, Eimeria livialis Alyousif, Al-Shawa and Al-Asiri,
2009, Eimeria columbapalumbi Jamriska and Modry,
2012, Eimeria mauritiensis Ball et al., 2012, Eimeria sp.
of Yang et al. [22] and Eimeria ferreirai Oliveira and
Berto, 2020, were similar in size to the oocysts of the
current study. Of these species, E. curvata, E. livialis,

E. mauritiensis, and Eimeria sp. of Yang et al. [22] have
only one or no polar granules, and all, except E. ferreirai,
do not have micropyle. Eimeria ferreirai is differentiated
by Stieda body less prominent, in addition to having a
delicate micropyle cap and slightly larger oocysts.

Phylogenetic analysis

Sequences of Eimeria spp., Isospora spp., and Cyclospora
spp. available in GenBank were used for the phylogenetic
analysis (Figs. 3 and 4). The cyst-forming coccidian Toxo-
plasma gondii (Nicolle and Manceaux, 1908) was the out-
group. In the phylogenetic analysis based on the COI gene
(Fig. 3), E. labbeana from S. decaocto and C. palumbus had
similarity of 99.5% and was recovered in a large clade between
Isospora spp. from Passeriformes and Eimeria spp. from
Columbiformes, Anseriformes, Galliformes, Strigiformes,
and Picittaciformes, besides mammals, mainly rodents. In the
sstRNA-based phylogenetic analysis (Fig. 4), E. labbeana sat
in a clade with the similarity of 100% with Eimeria columbi-
nae Ortuzar-Ferreira and Berto, 2020 and Eimeria sp. of Yang
et al. (2016) and of 99.7% with an Isospora sp. from domestic
pigeons C. livia in Japan (Matsubara et al. 2017).
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Table 1 Comparative morphology of Eimeria spp. recorded from Columbiformes of the world

Coccidia Hosts Locality — Refer- Oocysts Sporocysts
ences Shape Length Width LW Wall Resid- Micro- Polar Shape Length  Width L/W Stieda Substieda  Residuum
(um) (um) ratio uum pyle granule (nm) (um) ratio body body
Eimeria Columba Asia, Pinto Sub-sphe- 17-21 16-18 1.0-1.1 Smooth Absent Present  Present Ovoidal 11-14 5-7 (1.4) - - Present
labbeana  livia India (1928) - roidal (124) (64
(Labbe, Gmelin, to
1896) 1789 ovoidal
Pinto, Nies- Sub-sphe- 15-18 14-16 1.0-1.1  Smooth Absent Absent  Present Ellipsoidal — - Present ~ Absent Present
1928 chulz roidal 167 (153)  (1.09)
(1935) to ellip-
soidal
Strep- Europe, Current Sub- 1621 14-17 1.0-14 Smooth Absent Present, Present, Ovoidal 11-14 5-7 1.9-23 Present, Absent Present
topelia Portu- study sphe- (18.5)* 15.5)" (1.19)* 1-3 1-3 or 122" (5.9)° (2.08)* promi-
decaocto  gal roidal slightly nent
Frivald- to ellip- reni- trian-
szky, soidal form gular
1838
Columba 16-21 14-18 1.0-13 10-14 5-7 1.8-24
palum- (19.0)* (15.9)* 1.20)* (12.3)"  (6.0)° (2.04)*
bus Lin-
naeus,
1758
Eimeria C. livia Asia, Nies- Sub-sphe-  19-21 17-20 1.0-1.1  Smooth Absent Absent  Present Ellipsoidal — - Present  Absent Present
colum- India chulz roidal (20) (18.7) (1.07)
barum (1935) to
Nies- ovoidal
chulz,
1935
Eimeria C. livia Asia, Mitra Sub-sphe- (16.4) (14.4) - - Present Absent - Ellipsoidal (7.2) (4.8) - - - Present
colum- India and roidal
bae Das- to
Mitra Gupta ovoidal
and Das (1937)
Gupta,
1937
Eimeria Treron Asia, Ray Reniform 17-25 12-15 - Smooth with ~ Absent Present, — Broadly 17-19 12-14 - - - Present
sphe- sphenu- India (1952) to ellip- (19.2) (12.6) a lateral asym- ovoidal (17.5) (12.5)
nocercae rus soidal dent metri-
Ray, (Vigors, cal,
1952 1832) with
micro-
pyle
cap
Eimeria C. livia Asia, Chatter-  Sub-sphe- 24-30 22-26 — — — Present,  Present Ovoidal 8—10 - — Presen - Present,
kapotei India jee and roidal (26.1) (23.5) ante- 1-2 scattered
Chat- Ray rior
terjee (1969)
and Ray,
1969
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Table 1 (continued)

Coccidia Hosts Locality = Refer- Oocysts Sporocysts
CLLT>
Shape Length Width LW Wall Resid- Micro- Polar Shape Length  Width  L/W Stieda Substieda  Residuum
(um) (um) ratio uum pyle granule (nm) (nm) ratio body body

Eimeria Streptope-  Europe, Gole- Ellipsoi-  23-29 18-25 - Smooth,~1.5 Absent Absent Absent Elongate 11-13 6-8 - Absent - Present,
turturi lia turtur ~ Bul- man- dal or (26) (21.6) ellipsoi- scattered
Gole- (Lin- garia sky broadly dal
mansky, naeus, (1976) ovoidal
1976 1758)

Eimeria Chalco- Oceania, Varghese Broadly = 22-25 19-23 1.1-1.2  Smooth,~1.5 Absent Present,  Present, Ovoidal 9-11 6-8 - Present,  Present, Present,
waigan- phaps Papua (1978) ovoidal (24) (22) (1.1) 4-6 2-4 (10.0) (7.0) promi- small scattered
iensis indica New 5) nent
Var- (Lin- Guinea
ghese, naeus,

1978 1758);
Otidip-
haps
nobilis
(Gould,
1870)

Eimeria Ducula Oceania, Varghese Broadly 26-31 23-27 (1.1) Smooth, Absent Incon- Present, Elongate 14-16 6-8 - Present,  Absent Present,
duculai spilor- Papua (1980) ovoidal (28) (25) 1.5-25 spicu- 1,~2.0 (15.5) (7.2) promi- com-
Var- rhoa New (2.0) ous nent, pacted,
ghese, (Gray, Guinea coni- mem-
1980 1858) cal brane-

bounded

Eimeria Goura Oceania, Varghese Sub-sphe- 19-22 18-21 (1.0) Smooth,~1.0 Absent Absent Present, Elongate 10-13 4-6 - Present Absent Present,
gourai victoria Papua (1980) roidal (20) (20) 1,~2.0 (12.0) (5.5) com-
Var- (Fraser, New pacted
ghese, 1844) Guinea
1980

Eimeria Zenaida South McQuis- Ovoidal 22-27 19-24 1.0-1.2 Smooth,~2.0 Present, Absent Absent Ellipsoidal 15-17 8-9 1.8-2.1 Present,  Absent Present,
palumbi galapa- Amer- tion to ellip- (24.2) (21.7) (1.16) round (15.3) 8.1) (1.9) nipple- scattered
McQuis- goensis ica (1991) soidal to like
tion, Gould, Ecua- splin-

1991 1841 dor, ter-like
Gala- gran-
pagos ules
Islands

Eimeria Columbina  South Adriano  Ovoidal 17-19 15-17 1.1-1.3 Smooth,~1.3  Absent Absent Present Elongate 11-13 5-6 2.0-2.2 Present,  Absent Present,
curvata talpacoti Amer- etal. to ellip- (18.3) (15.5) (1.2) (12.3) (5.8) 2.1 protu- com-
Adriano (Tem- ica, (2000) soidal berant, pacted
etal., minck, Brazil nipple-

2000 1809); like
Colum-
bina
squam-
mata
(Lesson,

1831)
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Table 1 (continued)

Coccidia Hosts Locality = Refer- Oocysts Sporocysts
ences Shape Length Width LW Wall Resid- Micro- Polar Shape Length  Width L/W Stieda Substieda  Residuum
(um) (um) ratio uum pyle granule (nm) (nm) ratio body body

Eimeria Zenaida South Adriano  Sub-sphe- 22-26 19-22 (1.2) Rough,~1.7  Absent Absent Present,1  Elongate 12-14 7-8 1.7-1.9  Present, Absent Present,
zenaidae auricu- Amer- etal. roidal (23.8) (20.3) (13.1) (74) (1.8) large scattered
Adriano lata (Des ica, (2003)
etal., Murs, Brazil
2003 1847)

Eimeria C. livia Asia, Bandyo-  Ellipsoi- (24.3) (19.8) (1.2) Smooth,~1.1  Absent Absent Present, 1, Pyriform (12.1) (10.1) (1.2) Present,  Absent Present,
Jjanovyi India pad- dal sub- large, scattered
Bandyo- hyay spheroi- promi-
padhyay etal. dal nent
etal., (2006)

2006

Eimeria C. livia Asia, Alyousif Elongate 19— 23 14-17 (1.2) Smooth, Present, Absent Absent Ellipsoidal 9-12 6-8 (1.6) Present,  Absent Present,
livialis Saudi etal. ellip- (21) (15) 1-1.3(1.2) irregu- (10.6) (6.7) small, scattered
Alyousif, Arabia (2009) soidal lar nipple-

Al- glob- like
Shawa ules

and

Al-Asiri,

2009

Eimeria C. palum-  Europe, Jamriska Ellipsoi-  17-24 15-18 1.0-1.4  Smooth, Absent Absent Present,2  Elongate 11-16 67 1.7-2.2  Present  Absent Present,
columba- bus Czech and dal (21.3) (16.9) (1.26) 0.6-1.5 irregu- ovoidal, (13.5) (6.5) (1.9) scattered
palumbi and Modry 0.9) lar,~2.0 slightly
Jamriska Slovak (2012) asym-
and Repub- metrical
Modry, lics
2012

Eimeria Nesoenas Africa, Ball sub-sphe-  18-22 16-19 1.0-1.2 Smooth,~0.8  Absent Absent Absent - 8-14 67 - Present  Present Present
mauri- mayeri Mada- etal. roidal (19.7) (17.8) (1.1) (12.0) (6.6)
tiensis (Prévost, gascar (2012)

Ball 1843)
etal.,
2012

Eimeria Zenaida North Yabsley  Sub-sphe- 23-26 20-22 1.1-1.3 Smooth,~1.0  Absent Absent Present, Ovoidal 12-14 7-8 1.5-1.9 Present, Present, Present,
lyoni macro- Amer- etal. roidal (24.2) (20.7) (1.2) 1-2 (12.4) (7.3) (1.7) knob- rounded scattered,
Yabsley ura (Lin- ica, (2015) to like granules
etal., naeus, USA ovoidal of~1.0
2015 1758)

Eimeria sp. C. livia Oceania, Yang Sub-sphe- 19-22 16-19 (1.38) Smooth,~1.0 Present Absent Present Elongate 12-15 5-7 2.0-2.2  Present  Absent Present,
of Yang Aus- etal. roidal (20.2) (16.1) ovoidal (13.0) (6.1) 2.1 com-
etal. tralia (2016) pacted
(2016)
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Table 1 (continued)

Coccidia Hosts Locality = Refer- Oocysts Sporocysts
ences Shape Length Width LW Wall Resid- Micro- Polar Shape Length  Width L/W Stieda Substieda  Residuum
(um) (um) ratio uum pyle granule (nm) (um) ratio body body
Eimeria C. talpa- South Ortzar- Sub-sphe- 13-16 12-14 1.0-1.2  Smooth, Present, Incon- Absent Ellipsoi- 8-10 5-6 1.6-2.0  Present, Present, Present,
colum- coti Amer- Fer- roidal (14.7) (13.2) (1.11) 1.0-1.2 gran- spicu- dal to 9.0) (5.1 (1.77) flat- rounded scattered
binae ica, reira to ellip- (1.1 ules ous slightly tened
Ortuzar- Brazil et al. soidal bonded asym- to half-
Ferreira (2020) and/or metrical moon-
and dif- shaped
Berto, fused
2020
Eimeria Leptotila South Oliveira ~ Sub-sphe- 19-25 16-21 1.0-1.4  Smooth, Absent Present,  Present, Elongate  12-15 6-8 1.8-2.2  Present, Absent Present,
ferreirai verreauxi  Amer- etal. roidal (21.4) (18.8) (1.15) 1.3-1.9 with 1-2 ovoidal (13.4) (6.9) (1.95) trian- scattered
Oliveira Bona- ica, (2020) to ellip- (1.6) micro- to boo- gular
and parte, Brazil soidal pyle merang- to
Berto, 1855; cap shaped lozen-
2020 Leptotila barely gal
rufaxilla dis-
(Rich- cern-
ard & ible
Bernard,
1792)

*Different letters in each column denote statistically significant differences (P<0.01) by ANOVA
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Eimeria dispersa (HG793048) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria purpureicephali (KU140598) - Purpureicephalus spurius (Psittaciformes: Psittacidae)
Eimeria innocua (KR108296) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria sp. AA0273 (MH777502) - Mus musculus (Rodentia: Muridae)
Eimeria ferreirai (MN326301) - Leptotila verreauxi (Columbiformes: Columbidae)
Eimeria sp. E6 Kirov (MG595963) - Tetrao urogallus (Galliformes: Phasianidae)
Eimeria sp. RY-2016a (KT305929) - Columba livia (Columbiformes: Columbidae)
—L Eimeria mephitidis (KT203398) - Mephitis mephitis (Carnivora: Mephitidae)
Eimeria bubonis (MN313609) - Bubo virginianus (Strigiformes: Strigidae)
_| Eimeria acervulina (KX094948) - Gallus gallus (Galliformes: Phasianidae
T,?‘IE Eimeria anseris (MH758793) - Anser albifrons (Anseriformes: Anatidae)
L—— Eimeria macyi (MK284238) - Lasiurus borealis (Chiroptera: Vespertilionidae)
Eimeria sp. isolate 08 50 (JQ993706) - Apodemus sylvaticus (Rodentia: Muridae)
52.52| | Eimeria papillata (KT184377) - Mus muscufus (Rodentia: Muridae)
66,691 Eimeria jerfinica (KU215501) - Apodemus agrarius (Rodentia: Muridae)
Eimeria vermiformis (MK257111) - Apodemus flavicollis (Rodentia: Muridae)
Eimeria sp. 2 \\JD-2020 (MK257112) - Apodemus sp. (Rodentia: Muridae)
58,853 Eimeria alorani (KU215517) - Apodemus agrarius (Rodentia: Muridae)
Eimeria falciformis (HM771682) - Mus musculus (Rodentia: Muridae)
— Eimeria apionodes (KU215481) - Apodemus agrarius (Rodentia: Muridae)
— Eimeria kaunensis (KU215528) - Apodemus flavicollis (Rodentia; Muridae)
_|— Eimeria lancasterensis (KT361006) - Sciurus carolinensis (Rodentia: Sciuridae)
58,601 Eimeria sciurorum (KT361025) - Sciurus vulgaris (Rodentia: Sciuridae)
Eimeria labbeana (MT475826) - Columba palumbus (Columbiformes: Columbidae)
Eimeria labbeana (MT475825) - Streptopelia decaocto (Columbiformes: Columbidae)
Isospora serinuse (KR477879) - Serinus canaria (Passeriformes: Fringillidae)
Isospora serinuse (KX276860) - Serinus canaria (Passeriformes: Fringillidae)
Isospora sp. isolate TurMe1 PT (MK573835) - Turdus merula (Passeriformes: Turdidae)
Isospora sp. isolate ParMa11 PT (MK573833) Parus major (Passeriformes: Paridae)
Isospora sp. isolate EriRu1 JT (MK573830) - Erithacus rubecula (Passeriformes: Muscicapidae)
Isospora erithaci (MK573837) - Erithacus rubecula (Passeriformes: Muscicapidae)
Isospora sp. EriRu1 PT (MK573838) - Erithacus rubecula (Passeriformes: Muscicapidae)
Isospora sp. JRB-2016 (KT203397) Garrulax chinensis (Passeriformes: Leiotrichidae)
Isospora erithaci (MK573839) - Erithacus rubecula (Passeriformes: Muscicapidae)
— Isospora sp. iISAT1 (FJ269357) - Sylvia atricapilla (Passeriformes: Sylviidae)
Eimeria nkaka (JQ993697) - Phataginus tricuspis (Pholidota: Manidae)
Isospora hypoleucae (FJ269363) - Ficedula hypoleuca (Passeriformes: Muscicapidae)
Eimeria magna (KF419217) - Oryctolagus cuniculus (Lagomorpha: Leporidae)

96,97

Eimeria media (KP025691) - Oryctolagus cuniculus (Lagomorpha: Leporidae)
Eimeria vefdovskyi (KP025692) - Oryctolagus cuniculus (Lagomorpha: Leparidae)

Eimeria columbinae (MNO88854) - Columbina talpacoti (Columbiformes: Columbidae)

0.02

Toxoplasma gondii (KM657810)

Fig. 3 Maximum likelihood tree estimated from the COI gene
sequences of coccidian species. Numbers at nodes represent bootstrap
support 1000 replicates (>50%) for neighbor-joining (NJ) and maxi-

Discussion

Eimeria labbeana was the first eimerian described from
Columbiformes in the 1920s of the last century (Pinto 1928),
correcting and renaming the previous descriptions of Coc-
cidium pfeifferi Labbe, 1896 and Eimeria pfeifferi Labbe,
1896, which have become synonymies (Ortuzar-Ferreira

mum likelihood (ML), respectively. Scale bar represents the number
of nucleotide substitutions per site

et al. 2020). This description of Pinto (1928), although not
very detailed, recorded the presence of micropyle in the
oocysts. In the following 1930s, Nieschulz (1935) high-
lighted in his line drawings a main distinguishable feature
for E. labbeana, a prominent triangular Stieda body, which
would be the main difference for the second Eimeria sp.
described from Columbiformes, E. columbarum. In this

1 =3
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Fig. 4 Maximum likelihood
tree estimated from the ssTRNA
gene sequences of coccidian
species. Numbers at nodes rep-
resent bootstrap support 1000
replicates (> 50%) for neighbor-
joining (NJ) and maximum
likelihood (ML), respectively.
Scale bar represents the number
of nucleotide substitutions per

site -

Eimeria sciurorunm (KT360994) - Sciwrus vulgaris (Rodentia: Sciuridae)

Eimeria bukidnonensis (AB768601) - Bos taurus (Artiodactyla: Bovidae)

Eimaria subspherica (LC271171) - Bos faurus (Artiodaclyla: Bovidae)

Eimeria rioarribaensis (LC371915) - Eptesicus nilssonil (Chiroptera: Vespertilionidae)

Eimeria apionodas (KU192947) - Apademus spp. (Rodentia: Muridae)
Eimeria kaunensis (KU192932) - Apodemus spp. (Rodentia: Muridae)

l— Eimeria sp. DAM-2009 (FN298443) - Dendrocopos levicotos (Piciformes: Picidae)

Eimeria sp. izolate E1 Kirov (MG825664) - Lyrurus tetrix (Galliformes: Phasianidae)
Eimetia dispersa (KT184338) - Meleagris gallopavo (Galliformes: Phasianidae)
Eimeria purpureicephali (KU140587) - Purpureicephalus spurius (Psittaciformes: Psittacidae)
Eimetia innocua (HG793045) - Meleagris galfopavo (Galliformes: Phasianidae)
Eimeria necalrix (KT184349) - Gallus gallus (Galliformes: Phasianidae)
F"E‘ Efmeria maxima (FJ236330) - Gallus gallus (Galliformes: Phasianidae)
Eimeria lenella (KT184354) - Gallus gallus (Galliformes: Phasianidae)
Eimeria prascox (KT184352) - Gallus gallus (Galliformes: Phasianidae)
Eimeria acervulina (KT184333) - Gallus gallus (Galliformes: Phasianidae)
Eimeria praecox (FJ236371) - Galius gallus (Galliformes: Phasianidae)
Eimeria brunetti (U67116) - Gallus gallus (Galliformes: Phasianidae)
Eimeria brunetti (KT184337) - Gallus gallus (Galliformes: Phasianidae)

68.70| Eimeria labbeana (MT472289) - Streptopelia de (Columbiformes: Columbidae)
Eimeria columbinae (MN0B2528) - Columbina talpacoti (Columbiformes: Columbidae)

Isospora sp. Tokyo (AB757864) - Columba Jivia (Columbiformes: Golumbidae)
Eimeria sp. RY-2016a (KT305927) - Columba livia {Columbifermes: Columbidae)

Cyclaspora cercopitheci (AF1111835) - Chiorocebus aethiops (Primates: Cercopithecidae)
— Cyclospora macacae (KX019756) - Macaca mulatia (Primates: Cercopithecidae)
Cyclospora cayetanensis (KX818190) - Homo sapiens (Primates: Hominidae)

sense, the oocysts were identified as E. labbeana in current
study by combining the descriptions of Pinto (1928), who
observed a micropyle in the oocysts, and Nieschulz (1935),
who highlighted the prominent triangular Stieda body.

As shown in Table 1, several Eimeria spp. have basic
morphology and sizes similar to E. labbeana. Among these,
E. curvata, E. livialis, E. columbapalumbi, E. mauritiensis,
and Eimeria sp. of Yang et al. (2016) have not been detailed
on the morphology of Stieda body to distinguish them from
E. labbeana, although some photomicrographs show trian-
gular Stieda bodies, which were minimally redrawn in the
review of Ortuzar-Ferreita et al. (2020). Anyway, none of
these species has been described having micropyle, which
should be easily observed through the microscopic resources
available in the current century. In contrast, Nieschulz
(1935), unlike Pinto (1928), should not have been able to
observe micropyle in the oocysts identified as E. labbeana
through the microscopic resources available in the beginning
of the last century (Table 1).

The description of more than one micropyle in the oocyst
is very unusual in the taxonomy of Coccidia. According to
Duszynski and Wilber (1997) and Berto et al. (2014), the
micropyle consists of a discontinuity in the outer layer of
the oocyst wall. In this sense, up to three discontinuities, or
micropyles, are observed in the outer layer of the oocysts,
as highlighted in Fig. 2e; however, two micropyles are more
clearly observed, one at the longitudinal end and the other at
the side, as shown in Fig. 2a and f. In this sense, the oocysts
of the current study were identified as E. labbeana, having
its morphological description supplemented with the pres-
ence of micropyles, in addition to other minor adjustments.

1 3

Toxoplasma gondii (L24381)

In addition to this morphological basis, the identification
of the current study is also based on the previous reports

of E. labbeana from the oriental turtle dove Streptopelia
orientalis (Latham, 1790), the laughing dove Spilopelia sen-

egalensis (Linnaeus, 1766), and S. decaocto, in Eurasia and
North Africa (Coussement et al. 1988; Marzouk et al. 1989;
Vercruysse 1990). Although these reports are not from stud-
ies on taxonomy, or presented morphological details of the
oocysts, these reports are in the coccidian database “Coc-

cidia of the World” of Duszynski et al. (2000). In turn, C.

palumbus despite being a new host in the current study shed
oocysts with identical morphological characteristics with
oocysts from S. decaocto, in addition to equivalent means

in all morphometric aspects (Table 1, Fig. 2).
Phylogenetic analysis based on the COI sequences

(Figs. 3 and 4) resulted in a large clade, with low bootstrap

support, with Eimeria spp. and Isospora spp. from different

groups of birds and mammals. To date, there are three COI

sequences of Eimeria spp. from Columbiformes deposited

in the GenBank, in addition to E. labbeana from the current
study. These species were expected to be genotypically simi-
lar; however, they differed by 5 to 10% or 10 to 20 nucleotide
substitutions. An assumption for these wide differences may
be associated with the distinct and distant localities of these
coccidians: E. columbinae and E. ferreirai are from South
America, and Eimeria sp. of Yang et al. (2016) is from Oce-

ania (Table 1). In contrast, the worldwide distribution of C.

livia, as native or introduced, could equally distribute its

coccidia worldwide (IUCN 2020; Berto and Lopes 2020).

Anyway, when more COI sequences of coccidians from
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Columbiformes were deposited in GenBank, better conclu-
sions should be possible.

At the other extreme, the phylogenetic analysis based on
the ssTRNA gene clearly showed the monophyletic groups
of coccidia according to their host groups, forming clades

L S Y A A g
from Columbiformes showed a very high similarity between
the sequences, which confirms the suitability of the ssrRNA
gene for phylogenetic positioning in taxonomic groups; how-
ever, it proves to be unsuitable for specific differentiation or
genotyping, at least in the region amplified in the current

study.

In conclusion, 3 new hog,t [gorded to E. {abbeana
the common woodpigeon C. palumbus and supplementary

morphological data and molecular and phylogenetic analyses
by the COI and ssrRNA were provided for the first Eimeria
species described from Columbiformes.
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Cronograma de atividades

# | Descricdo da atividade Inicio (més/ano) Fim (més/ano)
1 | Processamento das amostras 08/2016 07/2019
2 | Estudo estatistico 10/2016 07/2019
3 | Captura de aves e coleta de amostras 07/2016 06/2019
4 | Publicagdo em periddicos e trabalhos de congressos 11/2016 07/2019
5 | ldentificagdo dos coccidios 09/2016 07/2019

Observacdes e ressalvas

1 A autorizagdo ndo eximira o pesquisador da necessidade de obter outras anuéncias, como: ) do proprietario, arrendatario, pos seiro ou morador quando as atividades forem realizadas

em area de dominio privado ou dentro dos limites de unidade de conservagao federal cujo processo de regularizagdo fundiaria encontra-se em curso; Il) da comunidade indigena

envolvida, ouvido o 6rgdo indigenista oficial, quando as atividades de pesquisa forem executadas em terra indigena; lll) do Conselho de Defesa Nacional, quando as atividades de pesquisa
forem executadas em area indispensavel a seguranga nacional; IV) da autoridade maritima, quando as atividades de pesquisa forem executadas em aguas jurisdicionais brasileiras; V) do
Departamento Nacional da Produgdo Mineral, quando a pesquisa visar a exploragdo de depositos fossiliferos ou a extragédo de espécimes fosseis; V1) do 6rgéo gestor da

unidade de conservagéao estadual, distrital ou municipal, dentre outras.

2 O titular de autorizagdo ou de licenga permanente, assim como os membros de sua equipe, quando da violagédo da legislagdo vigente, ou quando da inadequagao, omiss do ou
falsa descrigdo de informagdes relevantes que subsidiaram a expedi¢édo do ato, podera, mediante decisdo motivada, ter a autorizagéo ou licenga suspensa ou revogada pelo

ICMBio, nos termos da legislagdo brasileira em vigor.

3 As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territério nacional, que impliguem o deslocamento de recursos humanos e materiais, tendo por objeto
coletar dados, materiais, espécimes biolégicos e minerais, pegas integrantes da cultura nativa e cultura popular, presente e passada, obtidos por meio de recursos e técnicas que se

destinem ao estudo, a difusdo ou a pesquisa, estdo sujeitas a autorizagdo do Ministério de Ciéncia e Tecnologia.

4 O titular de licenga ou autorizagdo e os membros da sua equipe deverdo optar por métodos de coleta e instrumentos de captura direcionados, sempre que possivel, ao grupo
taxondmico de interesse, evitando a morte ou dano significativo a outros grupos; e empregar esforgo de coleta ou captura que ndo comprometa a viabilidade de populagdes do grupo

taxondémico de interesse em condig&o in situ.

5 Esta autorizagdo NAO exime o pesquisador titular e os membros de sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos legais, bem como do
consentimento do responsavel pela area, publica ou privada, onde sera realizada a atividade, inclusive do 6rgéo gestor de terra indigena (FUNAI), da unidade de conservagéo
estadual, distrital ou municipal, ou do proprietario, arrendatério, posseiro ou morador de area dentro dos limites de unidade de conservagao federal cujo processo de regularizagéo

fundiaria encontra-se em curso.

6 Este documento somente podera ser utilizado para os fins previstos na Instrugdo Normativa ICMBio n° 03/2014 ou na Instrugdo Normmativa ICMBio n® 10/2010, no que especifica esta
Autorizagdo, ndo podendo ser utilizado para fins comerciais, industriais ou esportivos. O material biolégico coletado devera ser utilizado para atividades cientificas ou didaticas no

ambito do ensino superior.

7 Em caso de pesquisa em UNIDADE DE CONSERVAGAO, o pesquisador titular desta autorizagéo devera contactar a administragéo da unidade a fim de CONFIRMAR AS DATAS das

expedicdes, as condi¢des para realizagao das coletas e de uso da infra-estrutura da unidade.

8 Este documento ndo dispensa o cumprimento da legislagé@o que dispde sobre acesso a componente do patriménio genético existente no territério nacional, na plataforma continental e
na zona econdmica exclusiva, ou ao conhecimento tradicional associado ao patriménio genético, para fins de pesquisa cientifica, bioprospec¢éo e desenvolvimento tecnoldgico. Veja

maiores informagdes em www.mma.gov.br/cgen.

Este documento foi expedido com base na Instrugdo Normativa n® 03/2014. Através do cddigo de autenticagao abaixo, qualquer cidadao
podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Internet (www.icmbio.gov.br/sisbio).
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Locais onde as atividades de campo serdo executadas

# | Descricdo do local

Municipio-UF

Bioma

Caverna?

Tipo

1 | Parque Nacional do Itatiaia

RJ

Mata Atlantica

Nao

Dentro de UC Federal

Atividades X Taxons

# | Atividade Taxon Qtde.
1 | Captura de animais silvestres in situ Aves -

2 | Coleta/transporte de amostras biolégicas in situ Aves -
Materiais e Métodos

# | Tipo de Método (Grupo taxondmico) Materiais

1 | Amostras biolégicas (Aves) Fezes

2 [ Método de captura/coleta (Aves) Rede de neblina

Destino do material biolégico coletado

# |[Nomelocal destino

Tipo destino

1 | UNIVERSIDADE FEDERAL RURAL DO RIO DE JANEIRO

Colegao
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Registro de coleta imprevista de material biolégico

De acordo com a Instrugdo Normativa n°03/2014, a coleta imprevista de material bioldgico ou de substrato ndo contemplado

na autorizagdo ou na licenga permanente devera ser anotada na mesma, em campo especifico, por ocasido da coleta,
devendo esta coleta imprevista ser comunicada por meio do relatério de atividades. O transporte do material biolégico ou do
substrato devera ser acompanhado da autorizagdo ou da licenga permanente com a devida anotagdo. O material biolégico
coletado de forma imprevista, devera ser destinado a instituigao cientifica e, depositado, preferencialmente, em colegéo
biolégica cientifica registrada no Cadastro Nacional de Colegbes Biologicas (CCBIO).

Taxon* Qtde. Tipo de Amostra Qtde. Data

* |dentificar o espécime do nivel taxonémico possivel.
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