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RESUMO

Parasitos do filo Myxozoa (Grassé, 1970) estdo entre os patdogenos de peixes
mais importantes e tém sido objeto de muitos estudos nos ultimos anos. O objetivo
deste trabalho foi desenvolver estudos taxondmicos (baseado em analises morfolégicas
e moleculares), da interacédo parasito-hospedeiro (com base nas analises histoldgicas e
ultra-estruturais) e filogenéticos de mixosporidios parasitos de Brycon hilarii oriundos de
ambiente natural e sistemas de criagdo. Os peixes de ambiente natural foram obtidos
no Pantanal Matogrossense e os de sistemas de criagdo em pisciculturas do Estado de
Sao Paulo. Uma nova espécie de Myxobolus (Myxobolus oliveirai) foi descrita
infectando os filamentos braquiais de B. hilarii oriundos de ambiente natural, mas nao
foi observada a ocorréncia deste parasito nos sistemas de criacdo avaliados. Dos 216
espécimes de B. hilarii examinados (126 silvestres e 90 cultivadas), 38,1% dos
espécimes selvagens (n = 48) estavam infectados. O parasito formou plasmadios
alongados, cerca de 3 mm de comprimento, principalmente na ponta dos filamentos
branquiais. Foi realizada a comparacdo morfologica de M. oliveirai com todas as
espécies de Myxobolus descritas infectando hospedeiros da América do Sul, assim
como praticamente todas as espécies até agora descritas considerando todos os
continentes. O sequenciamento parcial do gene 18S rDNA revelou que as sequéncias
obtidas do Myxobolus parasito de B. hilarii ndo corresponde a nenhum dos Myxozoa
disponiveis no GenBank. Na anadlise filogenética, M. oliveirai constituiu um grupo
monofilético com outras oito espécies: cinco espécies de Myxobolus parasitos de peixes
mugilideos, duas espécies parasitos de pangasiideos e uma parasito de Centrarchideo.
Os valores das prevaléncias da infecgdo nao revelaram diferengas significativas entre
as estacdes seca e umida nem entre hospedeiros machos e fémeas.

Palavras-chaves: Myxozoa, Brycon hilarii, ambiente natural, filogenéticos, Brasil.



ABSTRACT

Parasites of the phylum Myxozoa (Grassé, 1970) are among the most important
pathogens of fish and have been subject of many studies in recent years. The aim of
this study was to develop taxonomic studies (based on morphological and molecular), of
the parasite-host interaction (based on histological and ultrastructural analysis) and
phylogenetic of myxosporeans parasites of Brycon hilarii from natural environment and
fish farms. The fish were obtained from natural environment in the Mato Grosso
wetlands Brazil and fish farms in the state of S&o Paulo. A new species of Myxobolus
(Myxobolus oliveirai) was described infecting the brachial filaments of B. hilarii from the
natural environment, but did not observe the occurrence of this parasite in fish farms
evaluated. Out of 216 B. hilarii specimens examined (126 wild and 90 cultivated), 38.1%
of wild specimens (n = 48) were infected. The parasites form elongated plasmodia
primarily in the tip of gill filaments, reaching about 3 mm in length. A thorough
comparison with all the Myxobolus species described from South American hosts, as
well as nearly all the Myxobolus species described so far is provided. Partial sequencing
of the 18S rDNA gene revealed that the Myxobolus species parasite of B. hilarii did not
match any of the Myxozoa available in GenBank. In the phylogenetic analysis, M.
oliveirai sp. nov. composed a monophyletic group with eight other species: five species
of Myxobolus parasites of mugilid fishes, two parasites of pangasiid and one of
centrarchid. Infection prevalence values of the parasite revealed no significant
differences between wet and dry seasons or between males and females.

Keywords: Myxozoa, Brycon hilarii, natural environment, phylogenetic, Brazil.
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INTRODUCAO

Os peixes se distribuem em 27.977 espécies, 0 que representa mais de 50% de
todas as espécies de vertebrados conhecidos (Nelson, 2006) sendo que 58% dessas
espécies vivem em 4agua salgada, 41% em agua doce e cerca de 1% migra
regularmente entre os dois sistemas (Cohen, 1970; McDowell, 1997; Lundberg et al.,
2000). A grande diversidade de peixes se encontra na agua doce, que representa
apenas 0,01% de toda agua do planeta.

A zona de maior diversidade de peixes de agua doce do mundo é a regiao
neotropical. Nas Américas do Sul e Central sdo conhecidas mais de 5.000 espécies
(Lundberg et al., 2000) e ha uma perspectiva de que esse nimero possa atingir por
volta de 8.000 (Vari e Malabarba, 1998). A diversidade também é notadamente grande
na Asia tropical e Africa, ambas com cerca de 3.000 espécies (Lundberg et al., 2000).

O Brasil apresenta uma riqueza incomparavel de espécies de peixes. Aqui sao
encontradas espécies das mais variadas formas e tamanhos, e muitas destas com
potencial de uso nas diferentes atividades relacionadas a piscicultura (producado de
pescado para suprir a demanda de alimentos), pesca esportiva e ornamentacao (Bdhlke
et al., 1978).

A produgéo aquicola brasileira, de uma forma geral, vem aumentando em geracao de
divisas. No ano de 2007, a produgcdo de pescado (pesca extrativista marinha, pesca
extrativista continental, maricultura e aquicultura continental) foi de 1.072.226 t,
correspondendo a um montante que supera os trés bilhdes de reais. Nesse contexto, a
aquicultura (basicamente piscicultura) e a pesca extrativista continental representam
respectivamente 19,6% e 22,2% de toda a producdo de pescado brasileira, com
210.644,5 t para a primeira e 243.210 t para a segunda. Assim, cerca de 40% da
producdo de pescado brasileira € oriunda de agua doce, e estas atividades
possibilitaram no ano de 2007 a movimentacdo de R$ 1.545.124.700,00 na economia
brasileira (IBAMA, 2009).

De acordo com o IBGE (2004), o Brasil apresenta 10 grandes bacias hidrograficas e
entre elas encontra-se a Bacia do rio da Prata, dividida em trés sub-bacias: Parana,
Uruguai e Paraguai. Na sub-bacia do rio Paraguai encontra-se o Pantanal

Matogrossense, uma planicie sedimentar com cerca de 140.000 km? formada no
1



periodo quaternario, preenchida com depdésitos aluviais dos rios da Bacia do Alto
Paraguai (Silva et al., 2000). Esta é a maior planicie alagada do mundo e com seu ciclo
particular de aguas torna-se um bioma singular (Mateus et al., 2004 Ceccareli et al.,
2007), onde localiza-se pequenos e grandes rios como o Paraguai (o maior), Cuiaba,
Sao Lourengo, Aquidauana, Taquari, Miranda entre outros (Fig. 1), que devido a baixa
declividade tem o escoamento de suas aguas dificultadas, possibilitando a formacao de
grandes areas alagadas e o0 aparecimento de ambientes caracteristicos (Silva, 2000).
Nesses ambientes encontra-se uma grande diversidade de peixes, com
aproximadamente 264 espécies conhecidas (Britiski, 2006; Buckup et al., 2007), dentre
as quais destaca-se a piraputanga, Brycon hilarii (Valenciennes, 1850) (Sin. Brycon
microlepis Perugia, 1897), que € um caracideo endémico da bacia do alto Paraguai
(Resende 2003).

A piraputanga € um peixe de escamas, corpo alongado e um pouco comprimido.
Logo que retirado da agua apresenta cor amarelada, a nadadeira caudal € vermelha,
com uma faixa preta que comecga no pedunculo caudal e chega até os raios centrais. As
demais nadadeiras sédo alaranjadas. As escamas do dorso sdo claras no centro, com as
bordas escuras. A piraputanga apresenta ainda uma mancha umeral escura e
arredondada e alcanga cerca de 50 cm de comprimento total e 2,5kg sendo que
individuos acima deste peso sdo raros (Ceccarelli et al., 2007). E um peixe muito
apreciado nos restaurantes da regido Centro Oeste do Brasil (especialmente nos
estados do Mato Grosso e Mato Grosso do sul) (Resende, 2003) e recentemente tem
sido criado em pisciculturas de varias regides do Brasil, atingindo uma producao de
633,000 kg no ano de 2006 (IBAMA 2008).
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Fig. 1. Localizagdo geogréfica e delimitacdes das sub-regibes do Pantanal Matogrossense,
adaptado de Silva et al. (2000).

Tanto em ambiente natural quanto em sistemas de criacédo, os peixes estao expostos
a varios agentes patogénicos, que podem produzir danos importantes ao hospedeiro
(Eiras et al., 2008, Feist, Langdom e Longshaw, 2006). O avanco da aquicultura nas
ultimas décadas tem resultado em uma maior atencdo voltada para os problemas
ocasionados por parasitos, os quais podem interferir na produtividade (Kennedy, 1994).
Além das perdas causadas pela mortalidade, os parasitos também influenciam no
crescimento e comportamento dos peixes, interferem na sua resisténcia a fatores
estressantes, na suscetibilidade a infec¢cées bacterianas, a acdo de predadores, e
adicionalmente a simples presenca pode reduzir o valor comercial do produto (Crowden
e Boom, 1980; Brassard et al., 1982; Lom e Dykova,1992; Williams e Jones, 1994;
Kumaraguru et al., 1995; Woo, 1995).



Dentre os parasitos de peixes, aqueles do filo Myxozoa (Grasse, 1970), entre nés
conhecidos como mixosporideos, tém sido alvo de muitos estudos nos ultimos anos.

Até os anos de 1980 o filo Myxozoa era composto por duas classes. Aqueles
encontrados parasitando peixes e menos frequentemente répteis e anfibios, que
compunham a classe Myxosporea, cujos esporos eram considerados os estagios
disseminadores do parasito; ja aqueles encontrados parasitando invertebrados
(anelideos) formavam a classe Actinosporea (Eiras, 1994). Contudo, Markiw e Wolf
(1983) ao estudar a forma de transmissao de Myxobolus cerebralis Hofer, 1903, agente
causador da “doenca do rodopio” em peixes, relataram o envolvimento de anelideos
oligoquetas no ciclo de vida deste parasito. No ano seguinte, Wolf e Markiw (1984) em
uma publicacdo na revista Science esclareceram a participacdo de anelideos
tubificideos no ciclo de vida de M. cerebralis. Nesse trabalho, os autores mostraram que
tubificideos colocados em contato com esporos de M. cerebralis eram parasitados por
actinosporideos do género Triactinomyxon, indicando que esporos de M. cerebralis e de
Triactinomyxon eram formas distintas do ciclo de vida do M. cerebralis, e que
Triactinomyxon é a forma que desencadeia a doenga do rodopio em salmonideos.
Desde entdo, varias espécies de Myxozoa foram reconhecidas tendo anelideos como
hospedeiros intermediarios, o que levou Kent et al. (1994, 2001) a proporem a
supressao da classe Actinosporea.

Atualmente, o filo Myxozoa é formado por duas classes: Myxosporea Buetschli, 1881
e a Malacosporea Canning, Curry, Feist, Longshaw e Okamura, 2000, sendo
conhecidos atualmente cerca de 2.180 espécies (Sitja-Bobadilla, 2008) que infectam
peixes em ambiente marinho e agua doce, onde causam sérias doengas em Varias
espécies de importancia econémica (Kent et al., 2001).

Abaixo é apresentada a classificacao do filo Myxozoa conforme proposto por Grassé
(1970 apud Feist e Longshaw, 2006) e alterado por Canning et al., 1996 and Canning et
al., 2000.



Filo Myxozoa
Classe Myxosporea Buetschli, 1881
Ordem Bivalvulida Schulman, 1959
Subordem Platysporina Kudo, 1919
Familia Myxobolidae Thélohan, 1892
Subordem Sphaeromyxina Lom e Noble, 1984
Familia Sphaeromyxidae Lom e Noble, 1984
Subordem Variisporina Lom e Noble, 1984
Familia Alatosporidae Shulman et al., 1979
Familia Auerbachiidae Evdokimova, 1973
Familia Ceratomyxidae Doflein, 1899
Familia Chloromyxidae Thélohan, 1892
Familia Fabesporidae Naidenova e Zaika, 1969
Familia Myxidiidae Thélohan, 1892
Familia Ortholineidae Lom e Noble, 1984
Familia Parvicapsulidae Shulman, 1953
Familia Sinuolineidae Shulman, 1959
Familia Sphaerosporidae Davis, 1917
Ordem Multivalvulida Shulman, 1959
Familia Kudoidae Meglitsch, 1947
Familia Trilosporidae Shulman, 1959
Classe Malacosporea Canninget al., 2000
Ordem Malacovalvulida Canning et al., 2000.
Familia Saccosporidae Canning, Okamura and Curry, 1996

Historicamente os mixosporideos foram considerados protozoarios (Eiras 1994,
Evans et al., 2010), mas caracteristicas como presenca de esporos multicelulares e de
capsulas polares levaram pesquisadores a questionar esta classificacdo (Siddall et al.,
1995; Kent et al., 2001; Canning e Okamura 2004). Analises filogenéticas utilizando
dados de sequenciamento do gene 18S rDNA confirmaram a relagdo dos
mixosporideos com os metazoarios, embora varios autores tenham sugerido que estes
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parasitos devam ser incluidos no filo Cnidaria (Jiménez-Guri et al., 2007; Fiala e
BartoSova, 2010; Evans et al., 2010), dados moleculares ainda nao permitem a
confirmagéo filogenética desta hipdtese, pois em algumas condicdes, estas andlises
sugerem ainda a relacdo com os Bilateria (Evans et al., 2010).

O desenvolvimento dos mixosporideos nos hospedeiros vertebrados é caracterizado
pela formagcdo de plasmédios que apresentam em seu interior os esporos. Os
plasmdédios podem se desenvolver em varios tecidos do peixe hospedeiro, sendo que 0
seu tamanho pode variar desde poucos micrometros até varios milimetros (Feist e
Longshaw, 2006). O desenvolvimento pode ser histozéico (plasmédios localizados
intracelularmente ou intercelularmente) ou celozdéico (localizados nas cavidades dos
orgaos, soltos ou aderidos ao epitélio interno) (Lom, 1987; Eiras, 1994).

Até recentemente, a taxonomia dos mixosporideos era baseada principalmente nos
caracteres dos esporos, sendo os de maior importancia: formato e tamanho dos
esporos; presenca ou auséncia de um processo triangular, propriedades da linha de
sutura; forma e tamanho das capsulas polares; numero e disposicado das dobras do
filamento polar; existéncia de projecdes dos esporos ou apéndices caudais; existéncia
de estrias ou outras ornamentagdes na superficie do esporo; relacdo de tamanho entre
as capsulas polares; posicao relativa da extremidade anterior das capsulas polares;
posicao do esporoplasma na cavidade do esporo; existéncia de um envelope mucoso
na superficie do esporo (Lom e Arthur, 1989).

Porém, nos ultimos anos tem sido sugerido o sequenciamento do gene 18S rDNA
(Fiala e Bartosova, 2010). Segundo Molnér et al.( 2002) o uso de métodos zooldgicos
classicos é muito dificil para validar espécies de mixosporideos morfologicamente
similares, com idéntica afinidade tecidual e desenvolvendo-se em espécies de
hospedeiros taxonomicamente muito proximas, sendo nestes casos, o uso de técnicas
de biologia molecular de relevante importancia. Bahri et al. (2003) também sugeriram
que em estudos taxonémicos devam ser utilizados, além das caracteristicas
morfolégicas, o sequenciamento do gene 18S rDNA, que poderdo ser uteis em
situacoes, onde detalhes morfolégicos sdo ausentes ou ndo garantem a caracterizacao
da espécie.



Na classe Myxosporea, o género com maior diversidade de espécies € o Myxobolus,
que apresenta mais de 744 espécies descritas (Eiras et al. 2005). Myxobolus cerebralis
Hofer 1903, é sem duvida a espécie mais conhecida, sendo este 0 agente etioldgico da
“doenca do rodopio” uma patologia que acomete salmonideos de varias partes do
mundo (Feist e Longshaw, 2006). O parasito infecta areas de cartilagem, que sao
progressivamente erodidas e destruidas na medida em que se da o desenvolvimento do
plasmédio. Se o desenvolvimento se produz na cartilagem préximo da capsula auditiva
os danos resultantes levam a nitida alteracdo de natacao: os alevinos ndo conseguem
nadar em linha reta, mas em circulo donde deriva o nome de “doencga do rodopio”. Se o
plasmédio se alojar na cartilagem da coluna proxima a vigésima sexta vértebra, este
provoca uma pressao nos nervos caudais que controlam a pigmentacdo da cauda,
fazendo com que a cauda fiqgue completamente enegrecida. (Eiras, 1994).

Durante varias décadas M. cerebralis contribuiu para o declinio na produgéo de truta
selvagem em varios estados do Oeste dos Estados Unidos (Nehring e Walker, 1996;
Vicent, 1996; Hedrick et al., 1998; Allen e Bergersen, 2002). No rio Madison, localizado
no estado de Montana, M. cerebralis foi responsavel pelo declinio de cerca de 90% na
populacéo de truta arco-iris (Oncorhynchus mykiss Walbaum, 1792) durante a década
de 90 (Rognlie e Knapp, 1998). Na regido das Montanhas Rochosas, o parasito
também é apontado como responsavel pelo declinio da populacdo de truta arco-iris
(Allen e Bergersen, 2002).

A doenca do rodopio teve sua origem na Europa e foi primeiramente descrita em
1903 por Bruno Hofer na Alemanha (Hofer, 19083). Evidéncias sugerem que M.
cerebralis tenha originado na Europa como um parasito de truta marrom (Salmo trutta
Linnaeus, 1758), onde as infeccbes sao tipicamente assintomaticas (Hoffman, 1990).
Em 1900 a truta arco-iris foi introduzida na Europa vinda da América do Sul (Hoffman,
1990; Halliday, 1976; Nickum, 1999). Hofer observou sinais clinicos da doenca na
cauda de truta arco-iris em sistemas de cultivo da Europa, e detectou a presenca de
esporos microscopicos do parasito no cranio de varios peixes infectados (Steinbach
Elwell et al., 2009).

Entre 1900 e 1950 M. cerebralis foi detectado em varios paises da Europa
(Bartholomew e Reno, 2002) e foi o responsavel por grandes perdas em culturas de
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truta arco-iris. Entre os anos de 1950 e 2000, o parasito ja era encontrado no Norte da
Asia, Nova Zelandia, Africa do Sul e Estados Unidos (Steinbach Elwell et al., 2009).

Como e quando ocorreu a primeira introducao de M. cerebralis na América do Norte
ainda é desconhecido, um provavel meio de introducdo pode ter sido através do
comércio de peixes vivos, ovos de peixe e peixes congelados entre a Europa e Estados
Unidos (Hoffman et al.,1962; Hoffman, 1990)

Além de M. cerebralis, varias outras espécies de Myxosporea foram registradas,
causando importantes danos a diversas espécies de peixes em todo o mundo.
Ceratomyxa shasta Noble, 1950, infecta o trato digestivo de salmonideos da América
do Norte, causando mortalidades intensas em populagées de salmonideos selvagens e
cultivadas (Feist e Longshaw, 2006; Atkinson e Bartholomew, 2010). Hoferellus carassii
Akhmerov, 1960, produz hipertrofia dos rins de Goldfish na Asia, Europa e América do
Norte, sendo muito comum em peixes cultivados, no Japao a espécie € responsavel por
mortalidade acima de 20% (Lom e Dykova, 1995). Kudoa thyrsites Gilchrist, 1924,
causa liquefacdo muscular post-mortem em varias espécies de peixes marinhos,
alterando as caracteristicas do pescado e diminuindo seu valor comercial (Langdon,
1991; Castro e Burgos, 1996)

As branquias sao o principal érgao respiratério, 0 mais importante sitio de excregéao
de nitrogénio e tem relevante papel no balango ibnico (Noga, 2000). Assim, intensas
infeccdes de mixosporideos nas branquias podem comprometer o funcionamento deste
orgao, afetando negativamente o desenvolvimento dos peixes (Naldoni et al., 2009).
Ainda neste sentido, o rompimento do plasmddio pode lesar o tecido epitelial, abrindo
assim uma porta de entrada para infecgbes secundarias (Feist e Longshaw, 2006). As
patologias de branquias associadas com os mixosporideos incluem: fusdo das lamelas,
inflamagao, hiperplasia, atrofia e necrose celular (Feist e Longshaw, 2006). Myxobolus
koi (Kudo, 1919) se desenvolve nas branquias de Cyprinus carpio (Linnaeus, 1758) e
induz a hipertrofia do epitélio branquial e lesdo nos filamentos branquiais (Yokoyama et
al., 1997). Infec¢cdes causadas por Myxobolus basilamellaris (Lom e Molnar, 1983)
produzem importantes alteragcbes nas branquias do hospedeiro (Kovacs-Gayer e
Molnar, 1983), com deformidades nas lamelas, reduzindo a capacidade respiratéria do
peixe (Feist e Longshaw, 2006).



No Brasil, Martins et al. (1997) relataram hemorragia e focos inflamatérios no epitélio
das branquias de pacus (Piaractus mesopotamicus Holmberg, 1887) infectados por
Henneguya sp. em sistemas de criacdo. Em exemplares de piaucu (Leporinus
macrocephalus Garavello e Britski, 1988) oriundos de sistemas de criacao e infectados
por Henneguya leporinicola Martins et al., 1999, foram observados hiperplasia,
deslocamento do epitélio respiratério, hemorragias e severos focos inflamatérios nas
branquias (Martins et al. 1999). Segundo Adriano et al. (2005), Henneguya piaractus
Martins e Souza, 1997, produziu alteracbes das estruturas branquiais, com hiperplasia
do epitélio das lamelas e compressao dos capilares e tecidos adjacentes em
exemplares de pacu de sistemas de criacdo. Myxobolus cuneus Adriano et al., 2006, foi
descrito parasitando vesicula biliar, bexiga urinaria, branquias, bago, nadadeiras,
superficie da cabeca, figado e coracado de pacu também em sistemas de criagdo, sendo
que nas branquias a infeccdo ocorreu na parede dos vasos, onde em infeccdes
intensas podem provocar diminuicdo do fluxo sanguineo (Adriano et al., 2006).
Henneguya pseudoplatistoma Naldoni et al.,, 2009, foi identificado causando
deformacado das estruturas dos filamentos branquiais de pintado hibridos (resultantes
do cruzamento entre Pseudoplatystoma corruscans e Pseudoplatystoma fasciatum)
procedentes de criacbes dos estados de Sdo Paulo e Mato Grosso. Em infeccoes
intensas, o parasito levou a deformacéao das estruturas dos filamentos com importante
reducéo da area funcional do epitélio respiratorio (Naldoni et al., 2009).

Em ambiente natural, Adriano et al. 2009 relataram intensa infeccao nas branquias
de dourado Salminus brasiliensis Cuvier, 1816 por Myxobolus salminus Adriano et al.,
2009. Os plasmodios se desenvolveram na parede dos vasos sanguineos do filamento
branquial, que dependendo da intensidade de infec¢do afetam o fluxo sanguineo.

Estudos de ultra-estrutura de mixosporideos s&o essenciais para trazer a luz da
ciéncia caracteristicas estruturais, morfologicas e fisioldgicas do plasmodio e dos
esporos, sendo tais caracteristicas de grande valia na compreensdo da intrigante
relagédo parasito-hospedeiro (Current e Janovy 1978; Adriano et al., 2005; 2006; 2009).

Nos ultimos anos, significativos avancos tém sido feitos a respeito da classificacao,
patologia e filogenia dos Myxozoa e numerosas espécies tem sido descritas utilizando
caracteres morfolégicos e moleculares.



Neste trabalho foram realizados estudos moleculares e morfoldégicos de uma nova
espécie de Myxozoa infectando o filamento branquial de B. hilarii.

JUSTIFICATIVA

O Pantanal Matogrossense possui uma grande diversidade de peixes vivendo em
equilibrio com o meio ambiente. Varias destas espécies, dentre elas a piraputanga, sao
de grande importancia para a pesca de subsisténcia da populagdo local, pesca
extrativista e pesca esportiva, sendo que, devido ao excelente sabor de sua carne e a
boa aceitacdo pelo mercado consumidor, vem sendo introduzida com sucesso em

sistemas de criagao de varias regides do Brasil.

Estudos realizados em varias regides do mundo vém mostrando que parasitos da
classe Myxosporea ganham, ano apds ano, maior importancia entre o0s agentes

causadores de enfermidades em peixes de ambiente natural e de sistemas de criagdo.

Desta forma, com o rapido avango da aquicultura continental observada no Brasil,
onde cada vez mais espécies da nossa fauna vem sendo utilizadas, torna-se
imprescindivel ampliar o conhecimento sobre os parasitos que acometem nossos
peixes, visando conhecer aspectos da interacdo parasito-hospedeiro, taxonomia,
sazonalidade, prevaléncia, intensidade e distribuigao.

OBJETIVOS

Objetivo Geral

Desenvolver estudo taxonémico e da interacdo parasito-hospedeiro de parasitos da

classe Myxosporea infectando piraputanga (Brycon hilari) em ambiente natural no
Pantanal Matogrossense e em pisciculturas do estado de Sao Paulo.
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Objetivos Especificos

1) Realizar estudo taxonémico de parasitos da classe Myxosporea em diferentes
tecidos de piraputanga utilizando técnicas de analise morfolégica (microscopia luz,
microscopia eletrdnica de transmissao) e sequenciamento do gene 18S rDNA.

2) Avaliar, mediante analise histopatolégica e ultra-estrutural, os efeitos do
parasitismo sobre os tecidos do hospedeiro.

MATERIAL E METODOS

Este estudo foi desenvolvido em parceria entre os Departamentos de Biologia Animal
do Instituto de Biologia da Unicamp, o Laboratério de Parasitologia do Departamento de
Ciéncias Basicas-ZAB da Faculdade de Zootecnia e Engenharia de Alimentos-
FZEA/USP, campus de Pirassununga e o Centro Nacional de Pesquisa e Gestdo de
Recursos Pesqueiros Continentais CEPTA/ICMBIio de Pirassununga, SP. Assim, para o
desenvolvimento desta pesquisa foram utilizados instalacdes e equipamentos da USP
(laboratério, microtomo e microscopio de luz), do CEPTA (material de pesca) e da
UNICAMP (microscopio eletrdnico de transmissao).
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RESULTADOS

Os resultados deste trabalho estdo aqui apresentados na forma de artigo cientifico,
onde foram avaliados aspectos taxonémicos (mediante andlise morfoldgica e
molecular), filogenéticos e da interagdo parasito-hospedeiro de uma nova espécie de
Myxobolus encontrado infectando filamento branquial de Brycon hilarii (Fig. 2) oriundos

de ambiente natural no Pantanal Matogrossense.

Fig. 2. Piraputanga (Brycon hilarii Valenciennes, 1850) (www.pescabrasil.com.br)
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CAPITULO UNICO
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PHYLOGENY, ULTRASTRUCTURE, HISTOPATHOLOGY AND PREVALENCE OF
MYXOBOLUS OLIVEIRAI SP. NOV., A PARASITE OF BRYCON HILARII
(CHARACIDAE) IN THE PANTANAL WETLAND, BRAZIL

Tiago Milanin, Jorge C Eiras, Sarah Arana, Anténio AM Maia, Anderson L Alves, Marcia
RM Silva, Mateus M Carriero, Paulo S Ceccarelli, Edson A Adriano

ABSTRACT

This paper presents the morphological, histological and ultrastructural characteristics
of Myxobolus oliveirai sp. nov., a parasite of the gill filaments in Brycon hilarii from the
Brazilian Pantanal. Out of 216 B. hilarii specimens examined (126 wild and 90
cultivated), 38.1% of wild specimens (n = 48) were infected. The parasites form
elongated plasmodia primarily in the tip of gill flaments, reaching about 3 mm in length.
A thorough comparison with all the Myxobolus species described from South American
hosts, as well as nearly all the Myxobolus species described so far is provided. Partial
sequencing of the 18S rDNA gene revealed a total of 1,527 bp. The Myxobolus species
parasite of B. hilarii did not match any of the Myxozoa available in GenBank. In the
phylogenetic analysis, M. oliveirai sp. nov. composed a monophyletic group with eight
other species: five species of Myxobolus parasites of mugilid fishes, two parasites of
pangasiid and one of centrarchid. Infection prevalence values of the parasite revealed
no significant differences between wet and dry seasons or between males and females.
The importance of the infection to the farming of the host species is emphasized.

Keywords: Myxozoa, Myxosporea, histology, molecular analysis, fish, piraputanga
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INTRODUCTION

Brycon hilarii (Valenciennes, 1950) (Syn. Brycon microlepis Perugia, 1897) is an
endemic characid species of the upper Paraguay Basin (Resende 2003), popularly
known as piraputanga. It is highly appreciated in central Brazil (especially in the states
of Mato Grosso and Mato Grosso do Sul) (Resende 2003) and is a very valuable
species, fetching high market prices. B. hilarii has recently been introduced into
aquaculture in several regions of Brazil, with a production of 633,000 kg on fish farms in
2006 (IBAMA 2008), demonstrating the considerable potential of this species to this
activity.

Myxosporean parasites are among the most important fish pathogens (Schmabhl et al.
1989) and more than 2,300 species have been reported to infect fish (marine and/or
freshwater fish) in either their natural environment or on farms (Adriano et al. 2006,
2009a, b, Feist & Longshaw 2006, Eiras et al. 2008, Azevedo et al. 2009). The
Myxobolus Butschli, 1882, is the genus with the greatest number of species
(approximately 790 valid species) (Eiras et al. 2005, Lom & Dykova 2006) and many of
these species are reported as pathogenic to fish (Kent et al. 2001, Feist & Longshaw
2006). In South America, 30 Myxobolus species have been reported (Azevedo et al.
2010, Eiras et al. 2010), but none have been reported to infect fish from the genus
Brycon.

As part of ongoing research on the characteristics of myxosporea parasites of
freshwater fish in Brazil, the present paper describes a new species of Myxobolus found
to infect wild specimens of piraputanga in the Brazilian Pantanal wetland using
morphological, histological, ultrastructural and molecular phylogeny analyses.
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MATERIALS AND METHODS

A total of 126 specimens of wild B. hilarii caught in the Pantanal Matogrossense in
central Brazil and 90 farmed specimens from three fish farms in the state of S&o Paulo
(SP) were examined. The wild fish were examined in two seasons: spring (flood period)
of 2001-2004 (n = 45) and autumn (drought period) of 2003 - 2005 and 2008 (n = 81).
The fish were captured at three locations: in the Aquidauana, Miranda and Paraguay
Rivers in the southern region of the Pantanal (n = 34), in rivers and lakes of the Pantanal
National Park in the central region (n = 60) and in the Cuiaba and Manso Rivers in the
municipality of Nobres in the northern region (n = 32). The fish from the Miranda,
Aquidauana and Paraguay Rivers were caught in the spring of 2001 and 2002 as well as
the autumn of 2003, whereas those from the Pantanal National Park and the
municipality of Nobres were caught in the spring of 2003 and 2004 as well as the
autumn of 2004, 2005 and 2008. The cultivated specimens were examined in the
summer and winter of 2008. Immediately after collection, the live fish were transported
to the field laboratory mounted nearby, where they were measured, weighed and
necropzied. Cysts were removed from the gill filaments of different piraputanga
specimens and examined under a light microscope. Spore dimensions (um) were
expressed as mean # standard deviation. Smears containing free spores were stained
with Giemsa solution and mounted in a low-viscosity mounting medium as permanent
slides. For histological analysis, fragments of infected organs were fixed in 10% buffered
formalin, embedded in paraffin, cut into serial sections (4 um in thickness) and stained
with haematoxylin/eosin and Sirius red. For transmission electron microscopy,
plasmodia were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4)
for 12 h, washed in glucose-saline solution for 2 h and post-fixed in OsO4, all at 4°C.
After dehydration in an acetone series, the material was embedded in EMbed 812 resin.
Ultrathin sections, double stained with uranyl acetate and lead citrate, were examined in
an LEO 906 electron microscope operated at 60 kV.

For molecular analysis, plasmodia were removed from the host tissue and fixed in
ethanol. After rupturing the plasmodia with the aid of a needle, the contents were
collected in a 1.5 mL microcentrifuge tube. DNA was extracted using the Wizard®
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Genomic DNA Purification kit (Promega, USA), following the manufacturer’s instructions.
DNA content was determined using the NanoDrop 2000 spectrophotometer (Thermo
Scientific) at 260 nm. Polymerase chain reaction (PCR) was carried out in a final volume
of 25 pL, which contained 10-50 ng of extracted DNA, 1x Taq DNA polymerase buffer
(Invitrogen), 0.2 mmol of dNTP (Invitrogen), 1.5 mmol of MgCI2, 0.2 pmol of each primer
(Invitrogen), 0.25 pL (1.25 U) of Tag DNA polymerase (Invitrogen) and ultra pure (MilliQ)
water. The Eppendorf AG 22331 Hamburg Thermocycler was used. An ~1600 bp 5’
fragment of the SSU rDNA gene was amplified using the primers MX5-MX3 (Andree et
al. 1999) in the following manner: an initial denaturation step at 95°C for 5 min followed
by 35 cycles of denaturation (95°C for 60 s), annealing (62°C for 60 s) and extension
(72°C for 120 s), finished with an extended elongation step at 72°C for 5 min. PCR
products were submitted to electrophoresis on 1% agarose gel (BioAmerica) in a Tris-
Borate-EDTA buffer (0.045 MTris-borate, 0.001 M EDTA pH 8.0), stained with ethidium
bromide and analyzed in a FLA-3000 (Fugi) scanner. The size of the amplified
fragments was estimated by comparisons with the 1 kb DNA Ladder (Invitrogen).

Purified PCR products were cloned in pCR®4-TOPO® vectors from the TOPO-TA
Cloning® kit for sequencing (Invitrogen). A single clone was sequenced using MX5-MX3
and MC5-MC3 (Eszterbauer 2004) primer pairs with the BigDye® Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems™) in an ABI 3730 DNA sequencing analyzer
(Applied Biosystems™),

A standard nucleotide-nucleotide Basic Local Alignment Search Tool (BLAST)
(blastn) search was conducted (Altschul et al. 1997). The sequence of the Myxobolus
species obtained from B. hilarii was aligned with sequences obtained in the GenBank
using DAMBE (Xia & Xie 2001). To evaluate the position of the Myxobolus species
obtained from B. hilarii in relation to other Myxobolus spp, phylogenetic analyses were
conducted using the phylogenetic methods neighbor-joining (NJ) and maximum
parsimony (MP) [MEGA 4.0 programme (Tamura et al. 2007)] and maximum likelihood
(ML) [MEGA 5.0 (programme in test phase)]. The Kimura 2-parameter (K2P) evolution
sequence model was used in the analysis. Bootstrap analysis (1,000 replicates) was
employed to assess the relative robustness of the branches of the NJ, MP and ML trees
using the MEGA 4.0 and 5.0 programmes. The distance analyses were performed using
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the K2P model conducted using the MEGA 4.0 programme (Tamura et al. 2007). The
species Ceratomyxa seriolae and Ceratomyxa shasta were used as outgroups in the
phylogenetic analyses.

The effects of season, study location and sex of the host on the prevalence of the

parasite were assessed using the y? test, with the level of significance set at p < 0.05.

RESULTS

Among the 126 wild and 90 cultivated specimens of piraputanga (a total of 216)
examined in the present study, 22.2% (n = 48) had plasmodia of an unknown parasite
from the genus Myxobolus. The prevalence was of 38.1% in the wild specimens and 0%
in the cultivated specimens. In the wild specimens, the prevalence of the parasite varied
significantly with regard to study location (x% = 28.79; p = 0.00), with the lowest
prevalence found in southern region of the Pantanal (2.9%). No significant difference
was found between the central (43.3%) and northern regions (65.6%) (x% = 4.15; p =
0.04). The parasite was found in both seasons studied (prevalence of 33.3% in spring
and 40.7% in autumn) and the variation between seasons was not significant (y% =
0.63; p = 0.41). Regarding the sex of the host, the prevalence was 32.2% for female
specimens and 16.2% for males; this difference was also not significant (3% = 3.07; p =
0.07). Sex was not defined in seven infected specimens.

Myxobolus oliveirai sp. nov. (Figs 1-5)

Plasmodia elongated in shape and measuring up to 3 mm were found primarily in the
distal extremity of the gill filaments (Fig. 1A). Histological and ultrastructural analysis
revealed that the development of the plasmodia induced the expansion of the gill
filaments and the compression caused thinning of the tissue of the distal extremity,
which exhibited only a delicate layer of cells (Fig. 1C). In the proximal extremity, growth
of the plasmodia occurred by invaginations in the filament tissue (Figs 1C, 2A). The
plasmodia were surrounded by a well-defined capsule of host connective tissue, with
distinct delicate and interlaced collagen fibres (Figs 2B, 3A). The plasmodium wall
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consisted of a single layer that was continuous with pinocytic canals extending into the
granular layer of the plasmodium ectoplasm (Fig. 3A, C).

The plasmodia exhibited development with different sporogenic stages, such as
generative cells and disporoblastic pansporoblasts (Fig. 3C) along the periphery of the
plasmodia (occurring in a thin layer of not more than 40 um), followed by a layer
containing immature spores and mature spores occurring in the internal region (Figs 2-
4). The spores were pear-shaped in the frontal view (Figs 1B, 5A), measuring 11.2 #0.4
um in length, 7.4 £ 0.5 um in width and 4.6 # 0.6 um in thickness. The polar capsules
were elongated in shape and equal in size, measuring 5.6 £ 0.2 ym in length and 2.3 +
0.2 um in width. The anterior ends of polar capsules were close to one another and the
polar filaments exhibited 6-8 turns arranged perpendicular to the longitudinal axis of the
capsules (Figs 4C, 5A). A few, small sporoplasmosomes were found in the sporoplasm
(Fig. 4A) and two nuclei were discernible when stained with Giemsa (Fig. 5A).

In the molecular analysis, the specific primer pair MX5 - MX3 successfully amplified
an approximately 1,600-bp fragment of the 18S rDNA gene in the spores obtained from
plasmodia found infecting the gill filaments of B. hilarii. The BLAST search using the
partial 18S rDNA sequence data (1,527 bp) of the Myxobolus species parasite of B.
hilarii did not match any of the Myxozoa available in the GenBank.

In the phylogenetic analyses, the Myxobolus species clustered into three distinct
lineages. Myxobolus spirosulcatus represented the basal group and Myxobolus
acanthogobii clustered as the sister group of the remaining species of Myxobolus (Fig.
6). These remaining species clustered in a monophyletic group composed of numerous
species divided into four smaller clades (A-D) (Fig. 6). M. oliveirai sp. nov. formed a
monophyletic unit with eight other Myxobolus species in Clade C: five species parasites
of hosts from the family Mugilidae; two parasites of Pangasiidae hosts and one parasite
of Centrarchidae. Mean genetic divergence within Clade C (Table) was 20.4%. In this
clade, the smallest distance in reference to M. oliveirai sp. nov. was with Myxobolus
hakyi (16.6%) and the largest was with Myxobolus osburni (28.6%).

Type host - B. hilarii (Valenciennes, 1850) (Characidae, Bryconinae).
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Etymology - The specific epithet name is in homage to Ricardo Afonso Torres de
Oliveira, research assistant of the laboratory of Saude e Bem Estar dos Peixes of the
Centro Nacional de Pesquisa e Conservacdo de Peixes Continentais of Instituto Chico
Mendes de Conservagdo da Biodiversidade, who, in recent years, has provided great
support to the fieldstrip of our research group.

Type data and depository - Pantanal Matogrossense (Aquidauana, Cuiaba, Miranda
and Paraguay rivers) in the Paraguay basin, Brazil.

Specimens deposited - Slides with stained spores (syntype) have been deposited in
the collection of the Museum of Natural History, Institute of Biology, State University of
Campinas, SP, Brazil (accession ZUEC 28). The 18S rDNA sequence was deposited in
GenBank under the accession HM754633.

Prevalence - Fourty-eight of 216 B. hilarii examined (22.2%) had plasmodia of an
unknown parasite from the genus Myxobolus - 48/126 wild specimens (38.1%) and 0/90
(0%) cultivated specimens.

Site of infection - distal extremity of the gill filaments.
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Fig. 1: light photomicrographs of Myxobolus oliveirai sp. nov., parasite of
Brycon hilarii. A: formalin-fixed gill filaments showing plasmodia in the
distal extremity (arrows). Bar = 3 mm; B: mature fresh spores. Bar = 10
pum; C: histological section showing plasmodia (P) in the distal extremity.
Note the expansion of the gill filaments with compression and thinning of
the tissue of the extremity distal (black arrows) as well as invaginations in
the filament tissue in the proximal extremity (white arrows). Bar = 20 um.
Sirius red staining.

20



Fig. 2: light photomicrographs of histological section of gill filaments

(GF) of Brycon hilarii parasitized by Myxobolus oliveirai sp. nov. (A)
showing a plasmodium (P) with spores in central area (sp), young
developmental stages (yds) in the plasmodial periphery and
invaginations in the filament tissue in the proximal extremity (arrows).
Bar = 50 pum; B: histological section showing a connective tissue
capsule (arrows) surrounding P. Note yds in sp in the central area. Bar
=10 pum. Sirius red staining; ep: epithelium.
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Fig. 3: electron micrographs of Myxobolus oliveirai sp. nov. parasite of gill

filaments in Brycon hilarii. A-C: host-parasite interface; A: showing the
capsule of connective tissue (ct) surrounding the plasmodium (P). Note the
ectoplasm area (ec) showing pinocytotic canals (arrow) and mitochondria
(m), sporogenic stages (sst) and an inner layer of young spores (ys). Bar =
1 um; B: smaller magnification showing the host-parasite interface (arrow),
sst, ys and transversal sections of mature spores (msp). Bar = 5 um; C:
detail of P showing pinocytotic canals terminating in pinocytotic vesicles
(arrows) and m. Bar = 0.5 pm; H: host.
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Fig. 4: electron micrographs of Myxobolus oliveirai sp. nov. parasite of gill
filaments in Brycon hilarii. A: plasmodium showing transversal section of
young spore (ys) with two nuclei (n) and immature spores (im) showing
sporoplasmossomes (thin arrows), sporoplasm nucleus and valve-forming
material (white arrows). Bar = 1 pm; B: generative cells (gc) with n
containing conspicuous nucleolus (white arrows) and mitochondria (thin
arrows). Bar = 2 uym; C: longitudinal section of a polar capsule with its polar
filaments (pf) sections. Bar = 1 pm.
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Fig. 5: schematic representation of mature spores of Myxobolus oliveirai sp. nov. A: frontal

view; B: lateral view. Bar = 3 um.
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Fig. 6: condensed phylogenetic tree (bootstrap > 50) of consensus among neighbor-joining,
maximum parsimony and maximum likelihood showing relationship between Myxobolus
oliveirai sp. nov. and other Myxobolus spp based on partial 18S rDNA. Genbank accessions

are given after species name. Numbers above nodes indicate bootstrap confidence levels.
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TABLE

Pairwise distances based on 1.527-bp fragments of the 188 t1RNA gene of Mywobolus oliveirai sp. nov.
and related Myxobolus species using Kinwra 2-parameters model of sequence evolution

l 2 3 4 5 6 7 8
Muyxobolus oliveirai sp. nov.
Myxobolus spinacurvatura 0.183
Mixobolus osburni 0.286 0.290
Muyxobolus ichkenlensis 0.195 0.095 0.296
Mixobolus pangasii 0.167 0.227 0.294 0.223
Myxobolus hakyi 0.166 0.225 0.294 0.224 0.013
Mixobolus bizerti 0.201 0.146 0.305 0.156 0.219 0.219
Myxobolus exiguus 0.206 0.155 0.305 0.171 0.226 0.222 0.171
Myxobolus episquamalis 0.188 0.143 0.292 0.133 0.222 0:215 0.124 0.142

DISCUSSION

M. oliveirai sp. nov. was compared with all Myxobolus species previously reported in
fish of South America (Azevedo et al. 2010, Eiras et al. 2010) and other geographic
regions (Eiras et al. 2005). Among the South American species, M. oliveirai sp. nov.
resembles the body shape of Myxobolus cordeiroi (Adriano et al. 2009a), a parasite of
Zungaro jahu; Myxobolus chondrophilus (Nemeczek, 1926), reported to infect Sardinella
anchovina;, Myxobolus associatus (Nemeczek, 1926), a parasite of Leporinus
mormyrops; Myxobolus cunhai (Penido, 1927), a parasite of Pygocentris piraya;
Myxobolus serrasalmi (Walliker 1969), a parasite of Serrasalmus rhobeus; Myxobolus
maculatus (Casal et al. 2002), a parasite of Metynnis maculates; Myxobolus sp.
(Walliker 1969), a parasite of Colossoma bidens, and Myxobolus sp. (Walliker 1969), a
parasite of Serrasalmus sp. Among all these species, however, only M. cordeiroi and the
Myxobolus sp. parasite of Serrasalmus have a similar size to that of M. oliveirai sp. nov.
Although the description of Myxobolus sp. parasite of Serrasalmus sp. (Walliker 1969) is
poor, a superficial comparison reveals that the anterior end of the spores of Myxobolus
sp. are more pointed than in M. oliveirai sp. nov. Furthermore, the infection site (kidney)
and host (Serrasalmus sp.) of the parasite described by Walliker (1969) differ from those
of M. oliveirai sp. nov., which infects gill filaments in B. hilarii. Regarding M. cordeiroi,
the differences were in the number of polar filament turns, infection sites (connective
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tissue of several organs) and host (a pimelodid fish). The spore dimensions of the
different species do not fit the values found in the present material. Therefore, our
specimens cannot be identified with any of the aforementioned species.

When comparing M. oliveirai sp. nov. with species from other continents (Eiras et al.
2005), we selected those species that most resembled our material in their sets of
characteristics. Thus, we included Mpyxobolus bellus infecting the integument of
Carpioides carpio in the USA (Kudo 1934), Myxobolus bramaeformis described from the
kidneys and gut of Hypophthalmichthys molitrix in the Amur Basin (Akhmerov 1960),
Myxobolus fahmii infecting the gills of Barbus bynni in Egypt (Ali et al. 2002) and
Myxobolus pseudosquamae parasitizing the gills and kidney of Sinocyclochilus grahami
tingi in China (Ma & Zhao 1993). Despite some similarities, the features of our
specimens do not match the characteristics of any of the aforementioned species.
Moreover, their hosts are phylogenetically very different and their geographic locations
are also quite different. In particular, only a very few number of species have as small a
spore thickness (4.6 + 0.6 um) as that described for M. oliveirai sp. nov. Considering the
744 nominal species reported by Eiras et al. (2005), only 21 have a similar spore
thickness. In these cases, however, the other spore features are very different.
Furthermore, this is the first report of a myxosporean species infecting fish from the
genus Brycon and the BLAST search using the partial 18S rDNA sequence of M.
oliveirai sp. nov. did not match any of the Myxozoa available in GenBank.

The molecular phylogenetic analysis was based on the comparative analyses of the 18S
rDNA gene in 62 species of Myxobolus (approximately 1,500 bp) obtained from
GenBank with M. oliveirai sp. nov. To enhance the accuracy of the analysis, smaller
species were not used. The results, with high bootstrap values, showed the Myxobolus
species clustering as a monophyletic unit. M. spirosulcatus was the most divergent
species of the genus in this analysis and M. acanthogobii appears to be the sister group
of the large monophyletic clade composed by the remaining Myxobolus species. This
large clade further divided into four monophyletic units (A-D), with unsolved groups,
despite the high bootstrap values supporting the relationships.
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M. oliveirai sp. nov. clustered in Clade C together with eight other species, forming a
monophyletic unit, where it appears as sister group of the clade formed by M. pangasii
and M. hakyi, which are parasites of Pangasianodon hypophthalmus (Pangasiidae:
Siluriformes) and, together, these three species compose the sister group of the clade
formed by five species (Myxobolus exiguus, Myxobolus spinacurvatura, Myxobolus
ichkeulensis, Myxobolus bizerti and Myxobolus episquamalis), parasites of mugilid
hosts. M. osburni, a parasite of Lepomis gibbosus, which is a Perciformes from the
family Centrarchidae, appears as the basal unit of Clade C.

The mean genetic divergence estimated in Clade C was 20.4%. With regard to the
new species, the smallest divergence was with M. hakyi (16.6%), a sister taxa of M.
oliveirai sp. nov., whereas the largest divergence was with M. osburni (28.6%) (Table)
which is the basal species for Clade C.

The phylogenetic tree obtained here is in accordance with results described by
Ferguson et al. (2008) and Liu et al. (2010), who report M. acanthogobii as a species
with the greatest divergence among Myxobolus spp as well as in relation to the
clustering of M. exiguus, M. spinacurvatura, M. ichkeulensis, M. bizerti, M. episquamalis,
M. pangasii and M. hakyiin a monophyletic unit.

The results of the present study show the phylogenetic relation of the new species
with other Myxobolus species available in GenBank. This is the first phylogenetic study
on a Myxobolus species parasite of a South American characid host considering
Myxozoa parasites of fresh water fish. From this region, only the 18S rDNA gene
sequence of M. cordeiroi (Adriano et al. 2009a), with around 500 bp, has been
deposited in GenBank. Thus, additional molecular and phylogenetic studies of
Myxobolus spp parasites of this fish family are needed to identify the true position of the
Myxobolus parasites of characid hosts in relation to the Myxobolus species parasites of
other families of fish.

There was a much lower prevalence of M. oliveirai sp. nov. in the southern region of
the Pantanal than that found in the central and northern areas, demonstrating that
environmental characteristics may influence the distribution of this myxosporean species
in the Brazilian Pantanal. Environmental parameters (water temperature and water flow)
have been reported to influence the prevalence of Myxobolus cerebralis (Baldwin et al.
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2000, Hallett & Bartholomew 2008). The Brazilian Pantanal is the largest floodplain area
in the world, with approximately 150,000 km2 (Silva 1986, Ceccarelli et al. 2007), and
this very large ecosystem has areas with heterogeneous features, which may have
contributed toward the lower prevalence of M. oliveirai sp. nov. in the southern region.
However, the nature of the parameters that influence the prevalence of infection is
unknown.

Regarding the seasons studied, the variation in prevalence was non-significant,
revealing that season had no influence over infection by M. oliveirai sp. nov. in the
present study. This finding is in contrast to results described by Gbankoto et al. (2001),
who report the occurrence of significant seasonal variations in Myxobolus sp. and
Myxobolus Zillii parasites of Sarotherodon melanotheron melanotheron and Tilapia zillii,
respectively, and Gbankoto et al. (2003), who report seasonal differences in the
infection of S. melanotheron melanotheron by Myxobolus heterospora. However, the
results of the present study are in agreement with those described by Gbankoto et al.
(2003), who report no seasonal variation in the infection of T. Zillii by M. heterospora.

The comparison of infection between female and male hosts revealed no influence of
sex on the prevalence of M. oliveirai sp. nov. This finding is in agreement with accounts
describing some Myxozoa species (Gbankoto et al. 2001, Viozzi & Flores 2003), but
contrasts with others (Muzzall 1995, Gbankoto et al. 2003) that reported a significant
difference between females and males regarding the prevalence of infection.

The histological analysis of piraputanga gills infected with M. oliveirai sp. nov.
revealed numerous large cysts primarily in the distal area of the gill flaments, but no
pronounced inflammatory response was found in the infection site, which is similar to
findings described for other South American myxoporean species (Barassa et al. 2003,
Eiras et al. 2008, 2009, Adriano et al. 2009a, b). However, the development of the
plasmodia caused expansion and compression of the gill filaments, producing a thinning
of the tissue at the distal extremity, whereas the growth of the plasmodia in proximal
extremity occurred through invaginations, pervading and occupying the filament tissue.
These structural alterations in the qills are similar to structural changes reported for
other myxosporean species (Feist & Longshaw 2006).
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The ultrastructural analysis revealed that sporogenesis in M. oliveirai sp. nov.
followed the general pattern of other Myxobolus species (Current et al. 1979, Casal et
al. 1996, 2002, Adriano et al. 2006) and the plasmodium wall consisted of a single
membrane, which was continuous with pinocytic canals extending to the ectoplasm, as
seen in some Myxobolus species (Current et al. 1979), but differed from others delimited
by a double membrane (Casal et al. 2002, 2006).

Gill infections by Myxoporea in farmed fish can cause significant tissue damage
(Martins et al. 1997, 1999, Adriano et al. 2005a, b, 2006, Feist & Longshaw 2006) and
occasionally death (Martins et al. 1999, Feist & Longshaw 2006). Although the
histopathological changes produced by M. oliveirai sp. nov. impaired the function of the
gill surface, the infection apparently did not significantly affect the general health of the
fish. However, the histopathological analysis only addressed the wild host specimens
(farmed fish were not infected) and we do not know the impact that infection by M.
oliveirai sp. nov. may have on farmed specimens, especially in intensive farming. Thus,
the presence and dispersion of M. oliveirai sp. nov. needs to be monitored closely by

commercial fish farmers.
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CONCLUSOES

Os resultados deste estudo possibilitaram as seguintes conclusées:

1) Exemplares de Brycon hilarii (piraputanga) oriundo de ambiente natural no
Pantanal Matogrossense hospedam uma nova espécie de Myxosporea
(Myxobolus oliveirai), o qual infecta o filamento branquial.

2) As prevaléncias de M. oliveirai nao apresentaram variagdes significativas entre
as estacdes seca e chuvosa e nem entre hospedeiros machos e fémeas.

3) As andlises histoldgicas e ultraestruturais ndo revelaram presenca de infiltrado
inflamatério nos sitios de infeccao.

4) A analise molecular (baseada no sequenciamento do gene 18S rDNA) mostrou
que Myxobolus oliveirai difere de todas as espécies de Myxobolus depositadas
no GenBank.
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