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RESUMO

A presenca de parasitos no pescado tem sido motivo de preocupacdo para
pesquisadores do mundo inteiro, devido aos enormes prejuizos econémicos para a
indUstria pesqueira, principalmente pelas espécies zoondticas que conferem risco
para a saude publica e ndo em menor importancia por aquelas que apresentam
aspecto repugnante ao consumidor. Este trabalho foi dividido em trés estudos, no
primeiro, o objetivo foi identificar larvas de Anisakidae devido a sua importancia
higiénico-sanitaria e na saude publica, cujos parasitos infectam espécimes do peixe
sapo-pescador, Lophius gastrophysus, obtidos em mercados dos municipios de
Cabo Frio, Niteroi, Duque de Caxias e Rio de Janeiro. Para tal, foram investigados
87 espécimes de L. gastrophysus. Desses, 17 (19,5%) estavam parasitados por
larvas de anisaquideos. Estes peixes estavam parasitados com as espécies:
Anisakis simplex, Hysterothylacium sp. e Raphidascaris sp., que apresentaram
prevaléncias de 1,14, 12,6 e 12,6%, intensidade e intensidade média de infeccdo de
1, 2,81 e 10,5 e abundéancia média de 0,01, 0,35 e 1,33, respectivamente. Os sitios
de infeccdo observados foram: o estdmago, serosas do estbmago e intestino e
cavidade abdominal. Este foi o primeiro registro de A. simplex, Hysterothylacium sp.
e Raphidascaris sp. nesta espécie de peixe. No segundo estudo, objetivou-se
investigar as larvas de nematoides Anisakidae e Raphidascarididae, através do
estudo integrativo, morfolégico, morfométrico e genético, que infectam os linguados
Paralichthys patagonicus (Pp) e Xystreurys rasile (Xr), comercializados no Estado do
Rio de Janeiro, Brasil, e assim, identificar as espécies de nematoides, relacionando
seus indices parasitarios de prevaléncia (P), intensidade média (IM), abundancia
meédia (AM), amplitude de infeccdo (Al) e sitios de infeccéo (SI), juntamente com a
sua importancia sanitaria. Para esse estudo foram necropsiados 66 espécimes de
linguados, sendo 36 espécimes de P. patagonicus e 30 de X. rasile, que estavam
parasitados por um total de 5915 larvas de terceiro estagio (L3) de nematoides,
sendo 5666 L3 coletadas de P. patagonicus e 249 de X. rasile, pertencentes as
espécies Anisakis typica com P =11,1%, IM =1.25, AM =0.13, Al=1-2em Pp; P =
16.6%, IM = 1.8, AM = 0.3, Rl = 1-3 em Xr; Terranova sp. com P = 33.3%, IM = 2.66,
AM = 0.88, Al =1-11 em Pp; P = 10%, IM = 1, AM = 0.1 em Xr; Contracaecum sp.
com P =8.3%, IM = 1.66, AM = 0.13, Rl = 1-3 em Pp; P = 13.3%, IM = 1.33, AM =
0.13, Al = 1-2 em Xr; Hysterothylacium deardorffoverstreetorum com P = 100%, IM =
154.2, AM = 154.2, Al = 1-859 em Pp; P = 93.3%, IM = 7.21, AM = 6.73, Al = 1-17
em Xr; e Raphidascaris sp. com P = 38.8%, IM=5.14, AM =2, Al=1-21 em Pp; P =
33.3%, IM =3.1, AM = 1.03, AR = 1-8 em Xr. A identificacdo taxonbmica foi baseada
nos caracteres morfolégicos e morfométricos, e a analise genética foi usada para A.
typica e H. deardorffoverstreetorum. A caracterizacdo genética confirmou a
identificacdo dos espécimes das espécies de Anisakis e Hysterothylacium, usando
ambos os alvos moleculares ITS e cox2, sendo este o primeiro registro de A. typica,
H. deardorffoverstreetorum e Raphidascaris sp. parasitando esses linguados. O
terceiro estudo teve como objetivo identificar morfolégica e morfometricamente e
geneticamente as espécies de Acanthocephala que parasitam P. isosceles (Pi), P.
patagonicus (Pp) e X. rasile (Xr), apresentando seus indices parasitarios de
prevaléncia (P), intensidade (1), intensidade média (IM), abundancia (A), abundancia
média (AM) e assim como as suas amplitudes de infeccéo (Al) e sitios de infecgao.
Os 120 espécimes de linguados estudados, 60 P. isosceles, 30 P. patagonicus e 30
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X. rasile, foram coletados na costa do Estado do Rio de Janeiro, Brasil. Os
resultados obtidos mostraram que os espécimes de P. isosceles e P. patagonicus
estavam parasitados por acantocéfalos juvenis pertencentes as espécies Serrasentis
sagittifer com P = 11.7%, IM = 1.4, AM = 0.17 Al = 1-4 em Pi; P = 26.7%, IM = 4.4,
AM =1.17, Al = 1-11 em Pp; Bolbosoma turbinella com P = 13.3 %, IM = 2.0, AM =
0.27, Al = 1-4 em Pi; P = 13.3 %, IM = 2.5, AM = 0.33, Al = 1-4 em Pp; Corynosoma
australe com P =5%, IM =3.3, AM=0.17, Al =1-5em Pi; P = 16.7 %, IM = 3.6, AM
=0.6,Al=1-7em Pp; P =10 %, IM =2, AM = 0.2, Al = 1-4 em Xr; e C. cetaceum
comP=17%,1=1,A=0.017em Pi; P =26.7 %, IM = 2.25, AM = 0.6, Al = 1-6 em
Pp. Os espécimes de X. rasile estavam parasitados por C. australe, além disso, a
caracterizacdo genética confirmou a identificacdo dos espécimes pertencentes aos
géneros Bolbosoma e Corynosoma, como demonstrado pela analise filogenética,
usando ambos os alvos moleculares ITS e coxl. Este € o primeiro registro para S.
sagittifer e B. turbinella nos linguados das espécies P. patagonicus e X. rasile.

Palavras-chave: Nematoides. Acanthocephala. Importancia higiénico-sanitaria.
Peixes teledsteos. Taxonomia integrativa. Brasil.
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ABSTRACT

The presence of parasites in fish has been of concern to researchers worldwide due
to huge economic losses to the fishery industry, especially by zoonotic species that
confer risk to public health and not less important for those with repugnant aspect to
consumer. This work was divided into three studies, in the first, the aim was to
identify Anisakidae larvae due to its hygienic-sanitary importance and public health,
whose parasites infect fish specimens of the blackfin goosefish, Lophius
gastrophysus, purchased from markets in the municipalities of Cabo Frio, Niterdi,
Duque de Caxias and Rio de Janeiro. For this, 87 specimens of Lophius
gastrophysus were investigated. Seventeen fish (19.5%) were parasitized with larvae
of anisakid nematodes. These fish were parasitized with the species: Anisakis
simplex, Hysterothylacium sp. and Raphidascaris sp. with prevalence of 1.14, 12.6
and 12.6%, intensity and mean intensity of infection of 1, 2.81, 10.5 and mean
abundance of 0.01, 0.35 and 1.33, respectively. The sites of infection were stomach,
stomach and intestine serosas and abdominal cavity. This is the first record of A.
simplex, Hysterothylacium sp. and Raphidascaris sp. for this species of fish. In the
second study aimed to study anisakid and raphidascaridid nematodes larvae through
integrative study, morphological, morphometric and genetic, which infect flounders P.
patagonicus and X. rasile commercialized in the State of Rio de Janeiro, Brazil, and
thus, identify the nematodes species, relating to their parasitary indices of
prevalence, mean intensity, mean abundance, range of infection, and infection sites,
along with their sanitary importance. For this study, were necropsied 66 flounders
specimens, i.e. 36 specimens of P. patagonicus and 30 of X. rasile, that were
parasitized by a total of 5915 third larvae nematode (L3), being 5666 collected of P.
patagonicus and 249 of X. rasile, of Anisakis typica with P = 11,1%, MI = 1.25, MA =
0.13, Rl = 1-2 in Pp; P = 16.6%, Ml = 1.8, MA = 0.3, Rl = 1-3 in Xr; Terranova sp.
with P = 33.3%, M|l = 2.66, MA = 0.88, Rl = 1-11 in Pp; P = 10%, MI =1, MA=0.1in
Xr; Contracaecum sp. with P = 8.3%, Ml = 1.66, MA = 0.13, Rl = 1-3 in Pp; P =
13.3%, MI = 133, MA = 0.13, RI = 1-2 in Xr; Hysterothylacium
deardorffoverstreetorum with P = 100%, Ml = 154.2, MA = 154.2, Rl = 1-859 in Pp; P
= 93.3%, MI = 7.21, MA = 6.73, Rl = 1-17 in Xr; and Raphidascaris sp. with P =
38.8%, Ml =5.14, MA = 2, Rl = 1-21 (Pp); P = 33.3%, Ml = 3.1, MA =1.03, Rl = 1-8
in Xr. The taxonomic identification was based on morphological and morphometrical
characters, and genetic analyses was used for A. typica and H.
deardorffoverstreetorum. The genetic characterization confirmed the species
identification of Anisakis and Hysterothylacium specimens, using both ITS and cox2
molecular targets. This is the first repport of A. typica, H. deardorffoverstreetorum,
and Raphidascaris sp. parasitising these flounder species. Considerations on the
zoonotic potencial of the parasites and their rules in sanitary inspection are
presented. The third study aimed to identify morphologic, morphometrically and
genetically Acanthocephala species parasitizing P. isosceles, P. patagonicus and X.
rasile, presenting their parasitary indices of prevalence, intensity, mean intensity,
abundance, mean abundance, range of infection, and their infection site. Hundred
twenty specimens of flounder, i.e. 60 of Paralichthys isosceles, 30 of P. patagonicus
and 30 of X. rasile were collected from the coast of State of Rio de Janeiro, Brazil.
The results showed that the specimens of P. isosceles and P. patagonicus were
parasitized with acanthocephalan juveniles of species Serrasentis sagittifer with P =
11.7%, Ml =1.4, MA=0.17 RI=1-4in Pi; P =26.7%, Ml = 4.4, MA=1.17, RI = 1-11
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in Pp; Bolbosoma turbinella with P = 13.3 %, Ml = 2.0, MA =0.27, RI=1-4in Pi; P =
13.3 %, Ml = 2.5, MA = 0.33, Rl = 1-4 in Pp; Corynosoma australe with P = 5%, M| =
3.3, MA=0.17,RI=1-5in Pi; P =16.7 %, Ml = 3.6, MA=0.6, Rl = 1-7 in Pp; P =10
%, Ml =2, MA =0.2, Rl = 1-4 in Xr and C. cetaceum with P =1.7%, 1 =1, A = 0.017
in Pi; P =26.7 %, Ml = 2.25, MA = 0.6, Rl = 1-6 in Pp. The specimens of X. rasile
were parasitized with C. australe, besides this, the genetic characterization confirmed
the species identification of the specimens belonging to the genera Bolbosoma and
Corynosoma, as demonstrated by phylogenetic analysis using both ITS and coxl
molecular targets. This is the first repport of S. sagittifer and B. turbinella in the
flounders P. patagonicus and X. rasile.

Keywords: Nematodes. Acanthocephala. Higienic-sanitary importance. Teleostean
fish. Integrative taxonomy. Brazil.
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Hysterothylacium deardorffoverstreetorum collected of
Paralichthys patagonicus. a) anterior region, ventral view, showing
esophagus, ventriculus, ventricular appendix and intestinal cecum;
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Juveniles of Serrasentis sagittifer in Paralichthys isosceles. a
Female, total, lateral view. b Detail of vagina, ventral view. c
Hooks of proboscis and sensory papilla. d Male, posterior portion,
lateral view, p. 95

Juvenile of Serrasentis sagittifer in Paralichthys patagonicus. a

Male, total, lateral view. b Detail of proboscis and neck, p. 96

Juveniles of Serrasentis sagittifer in Paralichthys isosceles, SEM
a Proboscis, neck and anterior trunk spines. b Detail of trunk

combs, p. 96

Juveniles of Bolbosoma turbinella in Paralichthys isosceles. a
Female, total, lateral view. b Detail of vagina, ventral view. c

Hooks of proboscis. d Male, posterior portion, lateral view, p. 99

Juvenile of female of Bolbosoma turbinella in Paralichthys
patagonicus. Detail of vagina, ventral view, p. 100

Juvenile of Bolbosoma turbinella in Paralichthys isosceles, SEM.

Proboscis, neck and trunk spines, p. 100

Juveniles of Corynosoma australe in Paralichthys patagonicus, a
Female, total, lateral view. b Detail of proboscis of a female. c
Female, posterior end, lateral view. d Male, posterior end, ventral

view, p. 103

Juvenile of Corynosoma australe in Paralichthys patagonicus,
SEM, a Male, total, latero dorsal view. b Detail of proboscis of a
male, latero dorsal view. ¢ Male, posterior portion, detail of genital

spines, latero dorsal view, p. 104
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Juveniles of Corynosoma cetaceum in Paralichthys patagonicus. a
Male, total, lateral view. b Proboscis, neck and trunk spines, lateral
view. ¢ Female, posterior end, lateral view. The brackets indicate
the two ventral trunk folds that are devoid of spines, lateral view. d
Male, posterior end, detail of genital spine, lateral view, p. 107

ML phylogenetic trees inferred from ITS sequences from this study
(HE14, HE23, and HE25) and GenBank sequences (species and
accession numbers are shown). a ITS Dataset | applying TN92+G
model. b ITS Dataset Il using K2P+G model. Numbers at nodes
are support bootstrap values higher than 50%. Regular numbers
correspond to ML analysis, and italic numbers to NJ analysis with
K2P model, p. 110 e 111

ML phylogenetic tree inferred from cox1 gene sequences from this
study (HE 25, HE38 and HE43) and GenBank sequences.
Numbers at nodes are the support bootstrap values higher than
50%. Regular numbers correspond to ML analysis using HKY
model and G+I parameters, and italic numbers to NJ analysis with
K2P model, p. 112
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1 INTRODUCAO

Atualmente a presenca de parasitos no pescado tem sido motivo de
preocupacao para pesquisadores do mundo inteiro, devido aos enormes prejuizos
econdmicos para a industria pesqueira, principalmente pelas espécies zoonoticas
gue conferem risco para a saude publica e ndo em menor importancia por aquelas
que apresentam aspecto repugnante ao consumidor.

O peixe sapo-pescador Lophius gastrophysus Miranda-Ribeiro, 1915 e os
linguados Paralichthys isosceles Jordan, 1890, P. patagonicus Jordan, 1889 e
Xystreurys rasile (Jordan, 1891) constituem uma apreciada categoria de pescado e
apresentam elevado valor comercial, principalmente no mercado internacional
(BERNARDES et al., 2005).

Os nematéides estdo entre os mais frequentes e mais importantes parasitos
de peixes, constituindo uma significante parte da parasitofauna desses hospedeiros
de agua doce, salobra e marinha em todo o mundo. Eles parasitam os érgaos do
corpo de peixes e alguns sdo conhecidos como agentes de sérias doencas de
peixes, causando consideraveis perdas para a industria (MORAVEC, 2007).

As larvas de anisaquideos podem parasitar diversas espécies de peixes, 0S
quais sdo seus hospedeiros intermediarios e/ou paraténicos. J& suas formas adultas
atingem a maturidade sexual principalmente no estbmago de aves piscivoras e
mamiferos marinhos. Quando larvas vivas sao acidentalmente ingeridas pelo
homem, estas podem determinar lesdes em diferentes pontos do trato
gastrointestinal ou migrar para localizacdes extra intestinais, desencadeando
diferentes manifestacdbes da enfermidade (AUDICANA; KENNEDY, 2008;
DASCHNER et al., 1997; GOMEZ et al., 2003; HOCHBERG; HAMER, 2010;
IVANOVIC et al., 2015; MATTIUCCI et al., 2013; RUBIO et al., 2003).

Outro grupo importante de parasitos sdo os do filo Acanthocephala, onde o
namero de espécies conhecidas é superior a mil e, das quais mais da metade sao
parasitos de peixes marinhos ou de agua doce (TARASCHEWSKI, 2008). Segundo
Amin (1985, 1987), os acantocéfalos que parasitam 0s peixes pertencem as classes
Paleacanthocephala, Eoacanthocephala e Polyacanthocephala. Porém a maioria
das espécies é incluida nas duas primeiras classes e a ultima, menos estudada,

possui um numero reduzido de espécies conhecidas. Os espécimes adultos, juvenis
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e 0s cistacantos desses acantocéfalos parasitam peixes e mamiferos marinhos
distribuidos amplamente pelo mundo. Esses acantocéfalos adquirem importancia
higiénico sanitaria pelo aspecto repugnante que transferem ao consumidor, sendo os
peixes descartados na industria de beneficiamento, nos servicos de inspecao ou
rejeitados pelo consumidor, causando prejuizos econdémicos.

As manifestacfes alérgicas a antigenos de parasitos de peixes sdo bastante
frequentes, principalmente aquelas atribuidas aos anisaquideos. Os casos de
hipersensibilidade ocorrem em consequéncia do consumo do pescado infectado por
larvas de anisaquideos em individuos previamente sensibilizados, ou seja, que ja
tiveram contato anterior com 0s antigenos dessas larvas, ocasionados por manuseio
ou ingestdo, que se dispersaram na musculatura do peixe infectado. Alguns
antigenos de Anisakis simplex (Rudolphi, 1809) sdo extremamente resistentes a
aplicacdo do calor ou de congelamento ndo havendo alteracdo no seu potencial
alergénico. Adicionalmente, a larva de terceiro estagio do A. simplex possui um
amplo namero de moléculas alergénicas, e reatividade a estes alérgenos ocorre de
forma exagerada (AUDICANA et al., 2002; LOPEZ-SERRANO et al., 2000;
SABATER; SABATER, 2000). Em relagdo aos acantocéfalos ndo existem estudos
onde tenha sido testado o potencial alergénico para humanos.

Sendo assim, tendo em vista a escassez de dados na literatura mundial sobre
0S parasitos desses teledsteos, o presente estudo buscou trazer contribuicdes
inéditas utilizando a taxonomia integrativa para adicionar novos dados morfolégicos,

morfométricos e analise genética desses helmintos.
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2. REVISAO DE LITERATURA

2.1 PESCADO

Segundo a portaria n°® 185 do MAPA, pescado é a denominacdo genérica que
compreende 0s peixes, crustaceos, moluscos, anfibios, quelénios e mamiferos de
agua doce ou salgada, usados na alimentacdo humana (BRASIL, 1952, 1997).

O pescado é uma fonte de proteina tdo importante para o homem quanto a
carne bovina, porém com aproximadamente 60% menos calorias. Os pescados
correspondem a 5,6% do total de proteina e a 15,6% do total de proteina animal
consumida mundialmente (BAUTISTA; ENGLER, 2005; CATO, 1998; FRANCO;
LANDGRAF, 2003; HOLUH; HOLUB, 2004). Porém, dentre os produtos carneos, o
pescado € 0 mais susceptivel as alteracbes devido as suas caracteristicas
intrinsecas, pois a quantidade de agua elevada e o pH préximo a neutralidade, na
sua musculatura, favorecem o desenvolvimento microbiano; além disto o teor de
gorduras insaturadas, facilmente oxidaveis, e a acdo dos sucos digestivos e as
enzimas dos tecidos promovem a deterioracdo quimica do alimento (FRANCO;
LANDGRAF, 2003; OETTERER, 1991; PHILIPPI, 2003).

Mesmo sendo extremamente variavel, a composicdo quimica da carne do
pescado, especialmente dos peixes, aproxima-se da composi¢ado de aves, bovinos e
suinos. Seu principal componente € a agua, cuja proporcdo (na parte comestivel)
pode variar de 64% a 90%, seguido pelas proteinas, 17 a 25%, e pela gordura, que
pode variar de 0,5% a 25%. A proteina do peixe é altamente digerivel e rica em
metionina e lisina, considerados aminoacidos essenciais, ndo sendo sintetizados
pelo organismo humano e cuja ingestdo na dieta é fundamental. A composicédo dos
aminoacidos essenciais (histidina, isoleucina, leucina, metionina, fenilanina, treonina,
triptofano e valina) nos peixes é completa, balanceada e bastante semelhante entre
as espécies de agua doce e salgada (FIB, 2009).

Entre os constituintes minoritarios dos pescados estdo os sais minerais, que
tém seu teor variando de 1,0% e 2,0%; os carboidratos, (no caso dos peixes) néo
chegam a representar 1,0% da sua composicdo, e as substancias nitrogenadas néao
protéicas (sem importancia nutricional) que nao atingem 0,5% na carne dos peixes
frescos (FIB, 2009).
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2.2 PRODUCAO PESQUEIRA MUNDIAL E NO BRASIL

A carne do pescado € um importante alimento da dieta diaria das populacfes
de muitos paises e contribui com cerca de um quarto da oferta de proteina de
origem animal, além de ser fonte importante de emprego e renda em alguns paises
(GONCALVES et al., 2008). Segundo a Organizacdo das Nagbes Unidas para a
Agricultura e Alimentacéo - FAO, a producédo pesqueira mundial em 2014 foi de 158
milhdes de toneladas, incluindo a producéo extrativa e a aquicultura (FAO, 2014).

Os cinco maiores produtores do mundo sado, sequencialmente: China,
Indonésia, india, Peru e Japdo. O Brasil, devido ao vasto territorio maritimo e grande
guantidade de espécies nativas possui um grande potencial de producéo, entretanto,
€ 0 18° colocado no ranking mundial, com producdo média de 1.264.765 toneladas
em 2010 (MPA, 2012) e 19° em 2014 (FAO, 2014).

A producao do pescado no Brasil tem o maior potencial do mundo com 8.500
km? de costa maritima, cinco milhdes de hectares de terras alagadas (reservatérios)
e 12% do total de reserva de agua doce do planeta (BRASIL, 2005). O Estado do
Maranh&o, com 640 km2 de costa, a segunda do Brasil em extenséo, oferece uma
enorme variedade de espécies de pescado de importancia comercial, com um
grande potencial de crescimento, tanto na pesca quanto na aquicultura
(MARANHAO, 1999). Entretanto, apesar de o Brasil ser um dos lideres mundiais na
producdo e exportacdo de frango, carne suina e bovina, o pescado nunca ocupou
um papel de destaque na producdo de proteina animal nobre (MINOZZO et al.,
2008).

Segundo o Ministério de Pesca e Agricultura - MPA (MPA, 2013) com o
aumento no consumo de pescados, houve uma motivacdo por parte da indastria do
pescado, sobretudo da aquicultura, que € a modalidade com mais espaco para
crescer a producgéo. Para o Ministério de Pesca e Agricultura (MPA, 2013) em 2011,
a criacao de pescado em cativeiro no Brasil atingiu 628,7 mil toneladas, o que
representou um crescimento de 31,1% em relacdo ao ano anterior. Entretanto, este
grande empenho ainda foi insuficiente para atender a demanda. De acordo com o
Ministério, a producédo brasileira de pescado alcancou 1,43 milhdo de toneladas, das
quais uma pequena parte, 42.263 toneladas, foi destinada a exportacdo em 2011, e

o Pais ainda precisou importar 37% do pescado consumido.
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Em relac@o a producgéo de 4guas interiores, a FAO informou em seu relatério
que a producdo global de captura de aguas interiores atingiu 11,6 milhdes de
toneladas em 2012, mas a sua participacdo na producado total de captura global
ainda ndo excedeu 13% (FAO, 2014). Para a organizagdo, a producdo aquicola
mundial atingiu 90,4 milhdes toneladas (peso vivo equivalente) em 2012 (US $
144.400.000.000), incluindo 66,6 milhdes toneladas de peixes e 23,8 milhdes de
toneladas de algas aquaticas, com estimativas para 2013 de 70,5 milhdes e 26,1
milhdes de toneladas, respectivamente. Ainda, segundo a FAO, s6 a China produziu
43,5 milhdes toneladas de peixes e 13,5 milhdes de toneladas de algas aquéticas
naquele ano (FAO, 2014).

2.3 CONSUMO DE PRODUTOS DA PESCA NO BRASIL

O consumo de carne de peixe tem aumentado de forma significativa ao longo
dos anos devido as qualidades nutricionais benéficas (BURGER, 2008; MACIEL et
al., 2013). Esse aumento caracterizou um perfil de consumidores exigentes em
relacéo ao produto a ser comprado.

A presenca de vitaminas (A e D), ions importantes (calcio e fésforo), acidos
graxos insaturados (bmega 3 e 6) e alto teor proteico sdo qualidades encontradas
em algumas espécies e que estdo relacionados a diminuicdo da incidéncia de
doencas cardiovasculares (GONCALVES et al., 2009; MACHADO et al., 2013;
SILVA et al, 2013; TAVARES et al, 2013). Estudos epidemiolégicos tém
demonstrado que a ingestdo regular de pescado (duas vezes por semana) pode
exercer efeito favoravel sobre os niveis de triglicerideos, pressao sanguinea,
mecanismo de coagulacdo e ritmo cardiaco, na prevencao do cancer (mama,
prostata e célon), reducdo da incidéncia de arteriosclerose e de acidentes
vasculares cerebrais isquémicos, declinio cognitivo, reducdo dos riscos de
depresséao, ansiedade, doencas inflamatdérias, auxilia na integridade das membranas
celulares e tecidos nervosos (SOUZA et al., 2003). Aléem disso, ha estudos que
indicam que o consumo regular de pescado por mulheres gravidas reduz o risco de
problemas neuronais nas criancas. Portanto, o consumo de pescado tem sido
associado a diversos beneficios para saude humana, fato que tem estimulado as
pesquisas na area (SOCCOL; OETTERER, 2003; TACON; METIAN, 2013).
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Apesar das estatisticas mostrarem expansao do setor aquicola brasileiro em
aproximadamente 21% ao ano (OSTRENSKY et al., 2008), o consumo de pescado
per capita ndo apresenta crescimento na mesma propor¢ao, sendo a carne menos
consumida no pais (CARVALHO; LEMOS, 2009). O consumo per capita mundial em
1997 foi aproximadamente de 15,7 kg ao ano, dados mais recentes demonstraram
que no Brasil, em 2010, o consumo per capita foi aproximadamente 9,75 kg de
pescado ao ano, inferior ao recomendando pela Organizacdo Mundial de Saude -
OMS de 12 kg por habitantes ao ano (MPA, 2012; OSTRENSKY et al., 2008). O
consumo per capita na regido Sudeste, incluindo Belo Horizonte, € inferior,
aproximadamente 5,4 kg/hab./ano (SARTORI; AMANCIO, 2012). Mesmo diante dos
diversos beneficios, o consumo de pescado ainda é baixo em muitos paises e tal
fato pode estar vinculado a diferencas culturais, influéncias do grupo social,
conveniéncia do preparo, preco elevado e problemas na cadeia de producao
(BOMBARDELLI et al., 2005; MACIEL et al., 2009; OETTERER, 2002; OLSEN et al.,
2007; OSTRENSKY et al., 2008; PIENIAK et al., 2010; TUU et al., 2008).

2.4 HOSPEDEIROS ESTUDADOS

2.4.1 Lophius gastrophysus Miranda-Ribeiro, 1915

Ordem: Lophiiformes

Familia: Lophiidae

Género: Lophius Linnaeus, 1758

Os espécimes de L. gastrophysus (Figura 1) sdo bentbnicos, apresentam a
cabeca e tronco largos, fortemente achatados e parte posterior do corpo menos
desenvolvida. Corpo sem escamas, marrom escuro e com a margem inferior da
nadadeira peitoral enegrecida. Boca muito ampla, com a mandibula projetando-se
anteriormente a maxila superior; e um ilicio proximo a ponta do focinho que
corresponde ao primeiro espinho da nadadeira dorsal. S&o encontrados em
intervalos de profundidade que variam de 40 - 620 m de profundidade
(BERNARDES et al., 2005; FIGUEIREDO; MENEZES, 1978).

Esta espécie apresenta importante valor comercial no Brasil, principalmente

para a exportacao. No sudeste e sul do Brasil, o peixe sapo foi identificado como um
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dos principais alvos no processo de expansdo da pesca demersal para areas
profundas da Zona Econdmica Exclusiva Brasileira, a qual tomou impulso no ano
2001. Com elevado valor econémico no mercado internacional e devido a crescentes
oportunidades de exportacdo para paises europeus e asiaticos, a espécie
desencadeou o rapido desenvolvimento de uma pescaria dirigida, tanto por
embarcac¢des nacionais quanto arrendadas, e uma ampla e inédita ocupacgédo das
areas de pesca do talude entre o norte do Rio de Janeiro e o sul do Rio Grande do
Sul (PEREZ et al., 2002; RAMELLA et al., 2005).

Figura 1. Lophius gastrophysus. Barra =5 cm.

2.4.2 Paralichthys isosceles Jordan, 1890

Ordem: Pleuronectiformes

Familia: Paralichthyidae

Género: Paralichthys Girard, 1858

A ordem Pleuronectiformes (Osteichthyes, Teleostei) inclui os peixes
conhecidos como linguados, linguas-de-mulata, solhas ou tapas, constituindo um
grupo muito distinto, com morfologia extremamente peculiar (NELSON, 1994). Os

linguados encontram-se largamente distribuidos ao longo de toda a costa brasileira,
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até mesmo em &aguas interiores (FIGUEIREDO; MENEZES, 2000). Na regido
sudeste do Brasil sdo citadas cinco familias, 14 géneros e 31 espécies, onde as
cinco espécies brasileiras do género Paralichthys e género Xystreurys, familia
Paralichthyidae, que ocorrem no litoral do Estado do Rio de Janeiro assumem
grande importancia comercial, principalmente no mercado internacional
(BERNARDES et al. 2005).

A espécie P. isosceles (Figura 2) se distingue das outras por apresentar trés
ocelos muito nitidos: dois situados sobre a vertical que passa aproximadamente pela
metade da distancia entre a margem posterior do opérculo e a base da nadadeira
caudal, um deles proximo a base da nadadeira dorsal e o0 outro proximo a base da
nadadeira anal, e o terceiro situado na regido pré-peduncular, sobre a linha lateral,
uma minuscula mancha negra circular na regido distal da nadadeira pélvica
esquerda, entre o terceiro e quarto raios. Atingem pelo menos 29 cm de
comprimento e ocorrem desde a costa até 190 m de profundidade, sendo mais
comum a partir dos 50 m. Os peixes desta espécie distribuem-se no sudoeste do
oceano Atlantico, do Brasil até a Argentina. Como todas as espécies do género sao
demersais, e tem sua alimentacdo constituida de peixes e cefalépodes.
(FIGUEIREDO; MENEZES, 2000).

Figura 2. Paralichthys isosceles. Barra = 5 cm.
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2.4.3 Paralichthys patagonicus Jordan, 1889

Ordem: Pleuronectiformes

Familia: Paralichthyidae

Género: Paralichthys Girard, 1858

Conhecido vulgarmente como linguado, esta espécie se diferencia das outras
do género, principalmente, por apresentar dois ocelos no corpo, um sobre o inicio da
parte reta da linha lateral e outro sobre a regido mais anterior do ultimo terco da
parte reta da linha lateral (FIGUEIREDO; MENEZES, 2000). Os linguados da
espécie P. patagonicus (Figura 3) distribuem-se desde Cabo Frio, Estado do Rio de
Janeiro, Brasil até a Patagbnia, Argentina. A espécie apresenta um periodo
reprodutivo prolongado com desova entre a primavera e o final do verdo com maior
intensidade no més de novembro (ARAUJO; HAIMOVICI, 2000; MACCHI; DIAZ DE
ASTARLOA, 1996). No sul do Brasil, o comprimento médio de primeira maturacéo
sexual foi estimado em 33 cm para as fémeas e 31 cm para os machos (ARAUJO;
HAIMOVICI, 2000). Como todas as espécies do género, € um predador voraz que se
alimenta de peixes, e também de cefalopodes e crustaceos (ARAUJO; HAIMOVICI,
2000).

Figura 3. Paralichthys patagonicus. Barra = 8 cm.
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A espécie P. patagonicus constitui uma importante espécie de peixe de aguas
sul-americanas, sendo a espécie de linguado economicamente mais importante,
devido a abundancia e o tamanho que atinge, em compara¢cao com outros peixes
planos (DIAZ DE ASTARLOA, 1994).

Esta espécie esta incluida na chamada pesca fina por causa da alta qualidade
da carne do pescado e seu alto preco no mercado (MASSA et al., 2005).

2.4.4 Xystreurys rasile (Jordan, 1891)

Ordem: Pleuronectiformes

Familia: Paralichthyidae

Género: Xystreurys Jordan & Gilbert 1880

A espécie X. rasile (Figura 4) apresenta como caracteristicas, cor castanho,
do mais claro ao mais escuro, com numerosas manchas escuras de tamanho
variavel que tendem a formar ocelos presentes ao longo das nadadeiras dorsal e
anal e em uma fileira longitudinal acima e abaixo da linha lateral; sobre a linha lateral
h& dois grandes ocelos escuros, elipticos, um na juncdo das partes curva e reta e
outro sobre o inicio do terco posterior da parte reta; sdo considerados de porte
médio, alcancando 40 cm de comprimento. Ocorrem desde o norte do Estado do Rio
de Janeiro, até a Patagbnia (FIGUEIREDO; MENEZES, 2000).

Esses linguados se reproduzem na primavera - verdo (outubro a fevereiro)
com maior intensidade no més de novembro. O tamanho médio da primeira
maturacdo sexual € calculado de 20 cm nos machos e 21 cm nas fémeas, com 1 e 2
anos de idade, respectivamente. E uma espécie de crescimento rapido. A idade
maéaxima registrada é de oito anos para ambos os sexos, mas as médias de tamanho
por idade que as fémeas alcangam é maior que a dos machos (DIAZ DE ASTARLOA
et al., 1997).

Os linguados desta espécie fazem parte da chamada pesca fina porque séao
um produto de alta qualidade e as capturas sao relativamente pequenas (cerca de
8.000 toneladas em 1997), quando comparada a outros recursos demersais, como a
pescada (650.000 toneladas em 1997) (FABRE et al., 2001).
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Figura 4. Xystreurys rasile. Barra = 6 cm

2.5 PARASITOLOGIA DO PESCADO

Podem ser observados varios grupos de seres vivos que podem viver em uma
uma relacdo de parasitismo com animais aquaticos. Estes, podem causar prejuizos
a saude dos animais parasitados, perdas econémicas aos produtores ou a industria
da pesca, e por vezes também significar um risco a saude dos consumidores do
pescado. Dentre os parasitos responsaveis por infecgbes acidentais em humanos,
0S mais comuns sdo o0s cestoides Diphyllobothrium sp. Cobbold, 1858 e
Diplogonoporus sp. Lonnberg, 1892, os trematddeos das familias Heterophyidae
Heterophyes sp. Cobbold, 1866 e Metagonimus yokogawai (Katsurada, 1912) e
Opisthorchiidae Clonorchis sinensis (Cobbold, 1875) Looss, 1907 e Opistorchis sp.
Blanchard, 1895, e os nematb6ides dos géneros Anisakis Dujardin, 1845 e
Pseudoterranova Mosgovoy, 1950 (AUDICANA et al., 2002).

Alguns parasitos, mesmo sem potencial zoonético, podem conferir aspecto
repugnante ao pescado, onde os peixes sdo descartados pelo consumidor ou
condenados pelo Servigo de Inspec¢éo, quando na industria de beneficiamento. Além
disso, podem representar riscos a saude humana por desencadearem respostas
alérgicas em organismos previamente sensibilizados (BRASIL, 1952).

No Brasil existem, relatos sobre a ocorréncia de nematéides anisaquideos em
varios peixes de importancia comercial e moluscos bivalves marinhos (OKUMURA et
al., 1999).
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2.5.1 Nematoides Anisakidae e Raphidascarididae

As larvas da familia Anisakidae desenvolvem seu ciclo biolégico no ambiente
aguatico, onde as larvas tém como hospedeiros intermediarios peixes, crustaceos ou
cefalopodes e tém como hospedeiros definitivos, os mamiferos marinhos (SMITH;
WOOTEN, 1978; VALLS et al. 2005). O homem € um hospedeiro acidental e neste
ocorre a sindrome da larva migrante ou anisaquiase que caracteriza-se por dores
abdominais, cdlicas, nauseas e eventualmente vémitos (ANTON et al., 2008;
ALONSO et al.,, 1997; AUDICANA; KENNEDY, 2008; AUDICANA et al.,, 2002;
DASCHNER et al., 1997; GARCIA; ARAUZO, 2004; GOMEZ et al., 2003;
MERCADO et al., 1997, 2001; PURELLO-D’AMBROSIO et al., 2000; RODRIGUEZ
et al., 2006; RUBIO et al., 2003). Van Thiel et al. (1960) descreveram o primeiro
caso de anisaquiase humana. Os casos conhecidos nho mundo tém como causa
principal os habitos alimentares, tais como o consumo de peixes crus, mal cozidos,
defumados a frio e inadequadamente salgados contendo a larva L3 infectante
(ACHA; SZYFRES, 2003).

Os nematoides da familia Anisakidae sdo de interesse para a inspecéo
sanitaria, onde o0s géneros Anisakis, Pseudoterranova Mozgovoi, 1951 e
Contracaecum Ralliet & Henry, 1912 sdo os helmintos presentes em peixes que
apresentam maior importancia zoonética (ADAMS et al., 1997). A maioria dos casos
€ reportada para as espécies A. simplex e Pseudoterranova decipiens (Krabbe,
1878) (ADAMS et al., 1997; ARCANGELI et al., 1997; MERCADO et al., 2001).
Apesar de ndo ser comum, a espécie Hysterothylacium aduncum (Rudolphi, 1802)
também esta envolvida em um caso humano no Pacifico (YAGI et al. 1996).

Os peixes teledsteos, por estarem envolvidos no ciclo biolégico dos
anisaquideos, como hospedeiros intermediarios, vem sendo investigados no intuito
de se encontrar as formas larvares desses nematoides. Algumas pesquisas foram
realizadas detectando a presenca de larvas da familia Anisakidae em peixes
teledsteos marinhos e de agua doce comercializados no litoral brasileiro, onde
Abdallah et al. (2002, 2005) registraram a presenca de Anisakis sp., Contracaecum
sp., Raphidascaris sp. Railliet & Henry, 1915 em espécimes de cavalinha Scomber
japonicus e registraram a presenca de Raphidascaris sp. Railliet & Henry, 1915 em
espécimes de sair Cyphocharax gilbert. Alves e Luque (2006) registraram a

presenca de larvas de Anisakis sp., Contracaecum sp. e Raphidascaris sp. em cinco
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espécies de escombrideos do litoral do Rio de Janeiro. Alves et al. (2002a, b; 2004)
estudaram a prevaléncia e a intensidade de infec¢cdo do anisaquideo Contracaecum
sp. no mesentério de Genypterus brasiliensis; também estudaram Anisakis sp. e
Contracaecum sp. em Urophycis mystaceus e espécimes de Contracaecum sp.,
Raphidascaris sp. em Urophycis brasiliensis respectivamente. Alves et al. (2005)
notificaram a presenca em Balistes capriscus e B. vetula do anisaquideo
Contracaecum sp.

Azevedo et al. (2006, 2007) registraram Contracaecum sp. em acaras
coletados no Rio Guandu, Estado do Rio de Janeiro e Hysterothylacium sp. e
Raphidascaris sp. do gordinho Peprilus paru. Barros (1994) relatou a presenca de
Contracaecum sp. em pargos Pagrus pagrus. Barros e Cavalcanti (1998) estudaram
sete espécies de pescado de elevado consumo provenientes de litoral Nordeste do
Brasil e registraram a presenca de larvas Anisakidae nesses pescados.

Em 1993, Barros e Amato (1993) estudaram a prevaléncia dos géneros
Contracaecum e Anisakis em peixes espada Trichiurus lepturus. S&o Clemente et al.
(1994) observaram a resisténcia a baixas temperaturas das larvas de anisaquideos,
coletadas neste mesmo hospedeiro; espécimes dos géneros Anisakis,
Pseudoterranova e Contracaecum, parasitando T. lepturus, apresentaram também
resisténcia a refrigeracdo, congelamento, coccdo e salga (MARQUES et al. 1995;
SAO CLEMENTE et al. 1996). Benigno et al. (2012) estudaram espécimes de
Hoplerytrinus unitaeniatus, Hoplias malabaricus e Pygocentrus nattereri, do Lago
Arari, llha do Marajo, Estado do Para e observaram que 0s nematobides
Contracaecum sp., Eustrongylides sp. e Procamallanus sp. estavam presentes nas
trés espécies de peixes. Bicudo et al. (2005) registraram Anisakis sp. em Prionotus
punctatus. Cordeiro e Lugue (2005) ao estudarem espécimes de peixe-galo Selene
setapinnis registraram a presenca de larvas de Anisakis sp., Contracaecum sp.
Hysterothylacium sp., Terranova sp. e Raphidascaris sp.

Dias et al. (2010) estudaram espécimes de peixe-porco, Aluterus monoceros
de estabelecimentos de pescado nos municipios de Niter6i e Rio de Janeiro e
observaram larvas de Anisakis sp. encontradas no mesentério de um peixe; e de
Contracaecum sp. no figado e mesentério, sendo as larvas de Anisakis sp.
registradas pela primeira vez parasitando este peixe. Dias et al. (2011) registraram
as espécies Anisakis sp. e Contracaecum sp. parasitando Scomberomorus cavalla.

Felizardo et al. (2009a, b) fizeram um inventario das larvas Anisakidae parasitos de
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linguado P. isosceles e observaram que as larvas de A. simplex, Contracaecum sp.
Hysterothylacium sp., Terranova sp. e Raphidascaris sp. estavam presentes na
cavidade abdominal, mesentério, intestino, figado, mucosa estomacal, estdmago,
ovarios, musculatura abdominal e nas serosas do coracédo, baco, estbmago, rim e
ovario. Além disso, registraram a histopatologia pelas larvas de Hysterothylacium sp.
nesses espécimes de P. isosceles. Fontenelle et al. (2013, 2015) registraram a
presenca de Anisakis sp., Terranova sp., Contracaecum sp. e H.
deardorffoverstreetorum Knoff, Felizardo, Ifiguez, Maldonado Jr, Torres, Pinto &
Gomes, 2012 em espécimes de Cynoscion guatucupa e registraram Terranova sp., €
H. fortalezae (Klein, 1973) em Selene setapinnis respectivamente. Germano e
Germano (1998) discutiram a importancia dos nematoides A. simplex e
Pseudoterranova sp. responsaveis pela anisaquiase ap6s o consumo de pescado
marinho cru, mal cozido, inadequadamente salgado, insuficientemente congelado ou
defumado. Knoff et al. (2004) relataram a primeira ocorréncia de larvas de Anisakis
sp. na musculatura de congro-rosa, Genypterus brasiliensis. Knoff et al. (2007)
relataram A. physeteris (Baylis, 1923), A. simplex, Anisakis sp., Pseudoterranova
decipiens (Krabbe, 1878), Pseudoterranova sp., Hysterothylacium sp., Raphidascaris
sp., Contracaecum sp. e Terranova sp. de G. brasiliensis. Knoff et al. (2012)
descreveram a partir da caracterizacdo morfolégica e molecular uma nova espécie
de larva de Hysterothylacium Ward & Magath, 1917 parasitos de P. isosceles.
Lacerda et al. (2009) ao estudarem duas espécies de corvinas, Pachyurus
bonariensis e Plagioscion ternetzi, coletadas no Pantanal, Mato Grosso registraram
Contracaecum sp.

Lugue e Alves (2001) registraram a presenca de Contracaecum sp.,
Pseudoterranova sp. e Raphidascaris sp. em xaréu, Caranx hippos e em xerelete,
Caranx latus. Lugue e Chaves (1999) observaram a ecologia da comunidade de
metazoarios parasitos da anchova Pomatomus saltator e registraram as espécies
Anisakis sp. e Contracaecum sp. Luque et al. (2002, 2008) registraram Anisakis sp.,
Contracaecum sp. e Raphidascaris sp. no peixe trilha, Mullus argentinae. Marques et
al. (1995) testaram a utilizacdo do frio (resfriamento e congelamento) na
sobrevivéncia de larvas de nematdides anisaquideos em Trichiurus lepturus.
Padovani et al. (2005) testaram o efeito in vitro da radiacdo gama em larvas de
Anisakis sp. coletadas de congro-rosa G. brasiliensis. Paraguassu et al. (2005)

registraram Contracaecum sp. no acara, Geophagus brasiliensis no reservatério de
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Lajes, Estado do Rio de Janeiro. Pereira et al. (2000) registraram a prevaléncia de A.
simplex e Pseudoterranova sp. na musculatura e superficie da pele do bacalhau
importado, Gadus morhua, comercializado no Estado de S&o Paulo. Luque et al.
(2003) encontraram Contracaecum sp. em Paralonchurus brasiliensis no mesentério,
entretanto, ndo relataram a presenca destes na musculatura.

Pereira Jr. et al. (2004) estudaram larvas de Hysterothylacium sp. de
Micropogonias furnieri coletadas no Rio Grande do Sul. Prado e Capuano (2006)
fizeram o relato de nematdides da familia Anisakidae em bacalhau, pescado
importado, comercializado em Ribeirdo Preto, S&o Paulo. Rego et al. (1983)
estudaram os parasitas de anchovas, P. saltator no Rio de Janeiro. Ribeiro et al.
(2014) registraram pela primeira vez Hysterothylacium sp. em Chaetodipterus faber e
pampo Trachinotus carolinus. Saad e Luque (2009) registraram as larvas de
anisakiade na musculatura de pargos Pagrus pagrus coletados no Estado do Rio de
Janeiro; Sabas e Lugue (2003) registraram Hysterothylacium sp. e Terranova sp. em
Cynoscion guatucupa e Macrodon ancylodon. Salgado et al. (2004) registraram
larvas de anisaquideos em espécimes de Pseudopercis nhumida e G. brasiliensis.
Séao Clemente et al. (1994) registraram o0s anisaquideos em P. pagrus realizando um
estudo do seu controle através de baixas temperaturas. Sdo Clemente et al. (1995)
registraram o parasitismo por Contracaecum sp., Terranova sp. € Raphidascaris sp.
em peixe- espada T. lepturus e em Sao Clemente et al. (1996) testaram a
sobrevivéncia de larvas de anisakideos de peixe-espada submetidos ao processo de
salmouragem e coccao. Silva e Sdo Clemente (2001) registraram os nematoides da
mesma familia em filés de dourado Coryphaena hippurus e arioc6 Lutjanus synagris.
Silva et al. (2000) estudaram os parasitos do peixe-espada T. lepturus e registraram
as espécies Anisakis sp., Contracaecum sp., Raphidascaris sp., Pseudoterranova
sp. Tavares et al. (2001) registraram anisaquideos em olho-de-cdo Priacanthus
arenatus. Tavares et al. (2004) estudaram os nematoides Hysterothylacium sp. e
Pseudoterranova sp. de Tylosurus acus e Tavares e Luque (2006) listaram os peixes
da familia Anisakidae do litoral do Rio de Janeiro enfocando aspectos da
sistematica, biologia e da importancia em saude coletiva.

No Brasil, ja foram realizados estudos envolvendo o0s nematoides em
espécimes de peixes sapo-pescador L. gastrophysus, onde Saad et al. (2012)
identificaram Anisakis Tipo I, Terranova sp., Contracaecum sp., Hysterothylacium sp.

e Raphidascaris sp. parasitando esta espécie e Knoff et al. (2013) (ARTIGO 1)
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registraram a presenca de Anisakis simplex, Hysterothylacium sp. e Raphidascaris
sp.

Estudos relacionados aos nematoides Anisakidae em linguados tém sido
realizados em algumas regiées do mundo. No Chile, Riffo (1991) e Gonzélez et al.
(2001) encontraram Anisakis sp. no mesentério e no intestino e Pseudoterranova sp.
na musculatura de Hippoglossina macrops. No Canada, Arthur e Albert (1994)
encontraram A. simplex e P. decipiens na musculatura de Reinhardtius
hippoglossoides. No Chile Oliva et al. (1996) registraram Anisakis sp., A. physeteris,
P. decipiens e Hysterothylacium sp. em Paralichthys adspersus e Torres et al. (2000)
registraram a presenca de A. simplex, P. decipiens e Hysterothylacium sp. em P.
microps. Castillo-Sanchez et al. (1998) e Perez-Ponce de Leon et al. (1999)
encontraram espécies de Hysterothylacium sp., Anisakis sp., Contracaecum sp. em
P. californicus no México. Incorvaia e Diaz de Astarloa (1998) observaram a
presenca de larvas pertencentes aos géneros Terranova, Raphidascaris e
Contracaecum em P. orbignyanus e P. patagonicus e Anisakis e Hysterothylacium
em P. patagonicus. Koie (1999) no Golfo da Finlandia referiram A. simplex,
Hysterothylacium aduncum Rudolphi, 1802, Raphidascaris acus (Bloch, 1779) e
Contracaecum sp. parasitando Platichthys flesus. Marques et al. (2006) durante
estudo realizado em Portugal sobre a identificacdo molecular de espécies
pertencentes ao género Anisakis provenientes de linguados, examinando 25
espécies da ordem de Pleuronectiformes observaram que apenas sete espécies
desses peixes estavam positivas e que nao foi possivel identificar estas larvas além
do nivel genérico. Na Argentina, Alarcos e Timi (2012) estudaram e encontraram
Anisakis simplex, Terranova galeocerdonis (Thwaite, 1927), Contracaecum sp.,
Pseudoterranova sp., Hysterothylacium sp. e H. aduncum em X. rasile, P.

patagonicus e P. isosceles.

2.5.1.1 Anisaquiose e Anisaquidose

Em 1876 Leucckart descreveu pela primeira vez um caso de parasitose
humana, por nematdéide da familia Anisakidae em uma crianca na Groelandia.
Contudo, s6 no século XX e a partir dos anos 60, Van Thiel et al. (1960)

estabeleceram uma relacéo causa-efeito do parasito com a doen¢a humana.
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A anisaquiose € uma antropozoonose de distribuicdo mundial, que ocorre
principalmente em regifes proximas ao litoral, devido a facilidade de consumo de
produtos do mar. E causada pela ingestdo acidental de larvas de nematoides da
familia Anisakidae, possui maior prevaléncia nos paises em que 0 consumo de
produtos de pesca ocorre sob forma de produtos crus, mal cozidos, defumados a
frio, inadequadamente salgados e refrigerados. E considerada endémica no Japao,
Espanha, Chile e no Peru (CABRERA; OGNIO, 2002; LOPEZ SERRANO et al.,
2000; SAO CLEMENTE et al., 1995; VALLS et al., 2005).

Atualmente, denomina-se Anisaquiose apenas manifestacdes provocadas por
parasitos do género Anisakis. Ja Anisaquidose é um termo mais genérico, sendo
destinado a manifestac6es provocadas por todas as espécies da familia Anisakidae
e inclui também o Hysterothylacium sp. (KLIPMEL; PALM, 2011).

A anisaquidose provocada por parasitos do género Hysterothylacium é de
rara ocorréncia e foi relatada por Yagi et al. (1996), onde um paciente relatou dor
abdominal e diarréia durante a passagem completa do parasito pelo tubo
gastrointestinal, sendo expelido ainda vivo pelas fezes do individuo. A anisaquidose,
€ descrita nas formas gastrointestinais e extra-intestinais (hepatica, esplénica e
pulmonar) e deve ser considerada em pacientes que apresentam dor abdominal e
antecedentes de ingestao de peixes e/ou mariscos crus. As formas gastrointestinais
podem subdividir-se em luminal, quando apenas existe a aderéncia do parasita a
mucosa digestiva e é quase sempre assintomatica, podendo as larvas serem
detectadas nas fezes e nos vbmitos. Ja a forma géstrica esta associada a nauseas,
vomitos e epigastralgias que surgem 24-48 horas apos a ingestdo e acompanha,
frequentemente, sintomas cutaneos e intestinais, cuja sintomatologia, € semelhante
a apendicite, ileite ou diverticulite, podendo, até, evoluir para perfuracdo intestinal
com peritonite (NUNES et al., 2003; TORRES, 2000).

No Brasil, existe até 0 momento um registro sobre a anisaquidose humana,
gue foi diagnosticada por meio de endoscopia digestiva, onde mostraram a presenca
de larvas de nematoides e, também, os ferimentos causados por eles (CRUZ et al.,
2010). Segundo Amato e Barros (1984) e Luque e Chaves (1999), a presenca de
parasitos de peixes marinhos com repercussdo na saude publica, era um problema
muito pouco estudado no Brasil.

E importante considerar a subnotificacio ou diagnostico incorreto de casos de

anisaquidose devido a semelhanca de sintomas de outras doencas com quadros
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gastrintestinais como a obstrugéo intestinal, apendicite, peritonite ou doenca de
Crohn (BARROS et al., 2006; MCCARTHY; MOORE, 2000; SABATER; SABATER,
2000).

2.5.2 Acanthocephala

Os acantocefalos sdo invertebrados, com sexos separados, que apresentam
tamanhos que variam de alguns centimetros a aproximadamente 70 cm, porém a
maioria mede cerca de 1 cm de comprimento (MILLER; DUNAGAN, 1985). Séao
exclusivamente parasitos do tubo digestério de vertebrados. Sdo endoparasitas que
possuem como caracteristica morfologica principal, na regido anterior do corpo, uma
proboscide invaginavel e retratili onde sdo encontrados os ganchos e espinhos
utilizados para fixagdo no hospedeiro. Nao possuem sistema digestorio, fazendo a
absorcdo dos nutrientes através das paredes do corpo. Os sexos sao separados,
exibindo acentuado dimorfismo sexual. O ciclo de vida € heteroxeno, envolvendo
dois hospedeiros. A cépula ocorre no intestino do hospedeiro. Os ovos sdo expelidos
para o exterior e ingeridos pelo hospedeiro intermediario, no qual se rompem e
originam o acantor. Este se desenvolve para uma forma encistada, o cistacanto.
Depois da ingestdo da larva pelo hospedeiro definitivo o cistacanto liberta-se,
desenvolvendo-se para adulto, que se fixa ao intestino do hospedeiro (EIRAS et al.,
2006).

O numero de espécies conhecidas é superior a mil, das quais mais da metade
sdo parasitos de peixes marinhos ou de agua doce (AMIN, 1987; TARASCHEWSKI,
2008; VERWEYEN et al., 2011). Segundo Amin (1985, 1987), os acantocéfalos que
parasitam os peixes pertencem as classes Paleacanthocephala, Eoacanthocephala
e Polyacanthocephala. Porém a maioria das espécies € incluida nas duas primeiras
classes e a ultima, menos estudada, possui um nimero reduzido de espécies.

Roberts e Janovy Jr (2000) relataram que as infeccbes em humanos por
acantocefalos sdo poucas devido a natureza dos hospedeiros intermediarios e
paraténicos envolvidos nos ciclos de vida dos parasitos. Foram registrados casos de
acantocefaliases humana adquiridos pela ingestdo de peixe cru causados por
Acanthocephalus rauschi Golvan, 1969 e Corynosoma strumosum (Rudolphi, 1802)
Lihe de 1904, ambos em esquimos no Alasca (GOLVAN, 1969; SCHMIDT, 1971).



39

Além disso, espécimes de uma espécie ndo determinada pertencente ao género
Bolbosoma foram registrados parasitando japoneses (BEAVER et al., 1983). Efeitos
patolégicos e a sintomatologia da acantocefaliase humana tém sido relatados, como
fraqueza, tonturas, colicas abdominais agudas e perfuracao do intestino e, em outros
casos assintomaticos (ACHA SZYFRES, 2003; BEAVER et al, 1983;. TADA et al.,
1983).

Adultos, juvenis e cistacantos de Serrasentis sagittifer, Bolbosoma turbinella,
Corynosoma australe e C. cetaceum ja foram registrados em mamiferos marinhos e
peixes do mundo. Espécimes de Serrasentis sagittifer (Linton, 1889) Van Cleave,
1923 tém sido encontrados em peixes do México e na costa dos Estados Unidos da
América, oeste da Africa, Brasil, Australia, Golfos Arabe e Pérsico, Mar Vermelho e
oceano indico (ABDEL-GHAFFAR et al., 2014; AMIN; SEY, 1996; GOLVAN, 1969;
JANSEN; BURRESON, 1990; KARDOUSHA, 2005; MAGHAMI et al., 2008;
PETROCHENKO, 1971a; RUCKET et al.,, 2009; SALGADO-MALDONADO, 1978;
TRAVASSOS, 1966; VERWEYEN, et al.,, 2011; YAMAGUTI, 1963); Bolbosoma
turbinella (Diesing, 1851) Porta, 1908 tém sido resgistrados em cetaceos dos
oceanos Atlantico e Pacifico, Artico e Antartico, e em peixes da costa Chilena
(ALARCOS et al.,, 2016; BAYLIS, 1929, 1932; DAILEY; VOGELBEIN, 1991;
GALKINA, 1972; GEORGE-NASCIMENTO; ARANCIBAI, 1992; KLUMOV, 1963;
MACHADO FILHO, 1964; MEASURES, 1992, 1993; MEYER, 1932;
PETROCHENKO, 1971b; SILVA; COUSIN, 2006); Corynosoma australe Johnston,
1937 e C. cetaceum Johnston & Best, 1942 em mamiferos e peixes dos oceanos
Pacifico e Atlantico (ALARCOS; TIMI, 2012; ALARCOS et al., 2016; ANDRADE et
al., 1997; AZNAR et al., 1994a, b, 1999a, b, 2001, 2002a, b, 2004, 2006, 2012, 2015;
BRAICOVICH et al., 2005; BERON-VERA et al., 2007, 2008; BROWNELL JR, 1975;
CORCUERA et al., 1995; DANS et al., 1999; FIGUEROA; PUGA, 1990; GOLVAN,
1959; HERNANDEZ-ORTS et al., 2013; KAGEI et al., 1976; KNOFF et al., 2001;
OLIVA et al, 1996, 2008; PETROCHENKO, 1971b; SANTOS et al., 2008;
SARDELLA et al.,, 2005; SCHIMIDT; DAILEY, 1971; SHOSTAK et al., 1986;
SMALES, 1986; TANTALEAN et al., 2005; TORRES et al., 1992; YAMAGUTI, 1963;
ZDZITOWIECKI, 1984).
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2.5.3 Outros Helmintos em Teledsteos do Presente Estudo

Em relacdo a espécie L. gastrophysus, Sdo Clemente et al. (2007) registraram
a presenca de Tentacularia coryphaenae Bosc, 1802, Nybelinia sp. Poche, 1926,
Mixonybelinia sp. Palm, 1999 e Progrillotia dollfusi Carvajal & Rego, 1983 em
espécimes de peixe sapo-pescador.

No Brasil, ja foram feitos trabalhos relacionados a fauna parasitaria de
linguados. Felizardo et al. (2010) registraram oito espécies de cestoides
Trypanorhyncha, Nybelinia lingualis (Cuvier, 1817), Heteronybelinia nipponica
(Yamaguti, 1952) Palm, 1999, Otobothrium sp. Linton, 1891, Pterobothrium
heteracanthum Diesing, 1850, P. crassicolle Diesing, 1850, Grillotia carvajalregorum
(Carvajal & Rego, 1983) Menoret & Ivanov, 2009, Callitetrarhynchus gracilis
(Rudolphi, 1819) Pintner, 1931; os cestoides Tetraphyllidea Scolex pleuronectis
Mueller, 1788 e os cestoides Diphyllobothriidea Diphyllobothrium sp. 1 Cobbold,
1858 e Diphyllobothrium sp. 2. em P. isosceles. Felizardo et al. (2011) registraram
duas espécies os trematdédeos Didymozoidae dos tipos Torticaecum Yamaguti
(1942) e Neotorticaecum Kurochkin & Nikolaeva (1978) em P. isosceles e P.
patagonicus. Knoff et al. (2012) fizeram a caracterizacdo morfolégica e molecular e
descreveram a espécie, Hysterothylacium deardorffoverstreetorum parasito de P.
isosceles. Fonseca et al. (2012) estudaram os cestdides Trypanorhyncha de P.
patagonicus e X. rasile com a redescricdo da espécie Nybelinia erythraea Dollfus,
1960.

2.6 HIPERSENSIBILIDADE E ALERGIAS RELACIONADAS AO CONSUMO DE
PESCADO

Os casos de hipersensibilidade ocorrem em consequéncia ao consumo do
pescado com a presenca de larvas de anisaquideos em individuos previamente
sensibilizados. Alguns antigenos de A. simplex sdo extremamente resistentes a
aplicacado do calor ou de congelamento ndo havendo alteracdo no seu potencial
alergénico. Adicionalmente, a larva de terceiro estagio do A. simplex possui um

amplo nimero de moléculas alergénicas, e reatividade a estes alérgenos pode
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ocorrer de forma exagerada (AUDICANA et al., 2002; LOPEZ SERRANO et al.,
2000; SABATER; SABATER, 2000).

Uma especifica e intensa resposta imune, com a possibilidade de induzir
reacOes anafilaticas por A. simplex encontrada em pacientes, foi relatada depois da
ingestdo de peixes, cuja comprovacéo foi feita através da prova negativa realizada
com os hospedeiros, mas sendo positiva no que se refere a ingestdo do parasito
(DEL POZO et al.,, 1997). Fernandez et al. (2001) destacam que a ingestao de
pescado cru na Espanha tem apresentado uma relacéo direta entre 0 aumento de
sensibilizacdo a A. simplex com o avanco da idade. A elevada frequéncia de
anticorpos IgE especifico para A. simplex em individuos com ou sem reacdes
alérgicas, tem sido um fator importante gerador de duavida quanto ao diagndéstico. A
IgE especifica para A. simplex é a Unica variavel independente da alergia provocada
pelo parasito. Lopez-Serrano (2001) de forma controversa, sugere que a verdadeira
alergia a proteinas termoestaveis de A. simplex parece ser menos frequente que o
suposto, e que a resposta IgE mediada em sua maioria em pacientes sensibilizados,
poderia corresponder a contatos transitorios prévios com o parasito vivo. Toro et al.
(2006) chamam atencédo para os resultados laboratoriais (soropositividade para A.
simplex) aliados a um acurado histérico de habitos de consumo de pescado, podem
auxiliar na identificacdo de possiveis episddios de anisaquiases de relevancia
clinica. Estes autores ainda destacaram que somente 0s casos de anisaquiases,
que causam alergias severas ou sintomas gastricos, tém sido diagnosticados, pois
nestes casos a necessidade do uso de técnicas diagndsticas invasivas propiciam a
sua comprovagao.

Entre as reacBes alérgicas dois tipos podem ser diferenciados: uma reacéo
anafilatica induzida por antigenos termoestaveis e desenvolvida independente do
peixe ter sido submetido a coc¢édo ou congelamento, desta forma sem larvas viaveis
em seu interior; e um parasitismo digestivo agudo acompanhado de sintomas
alérgicos, conhecida também como anisaquidose gastroalérgica (CORRES et al.,
2001). Apenas alguns individuos apresentam sinais clinicos como urticaria e
angioedema associado a dor abdominal e vomito, descrito como anisaquiose gastro-
alérgica. Neste caso, os sintomas de hipersensibilidade apés o contato com o
parasito, sdo mais intensos e severos do que os gastricos (LOPEZ SERRANO et al.,
2000; VALLS et al., 2005). As manifestacdes clinicas surgem apos um periodo de

laténcia da ingestdo do pescado cru ou insuficientemente cozido, que geralmente é
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de uma a doze horas para a afec¢cdo géstrica e reagdes alérgicas, e a partir de doze
horas para afeccdes intestinais Acredita-se que 0s e antigenos provenientes de
larvas de anisaquideos se dispersam na musculatura do peixe infectado e podem
causar reacdes alérgicas em individuos sensibilizados mesmo que o nematoide se
encontre morto quando consumido (SOLAS et al., 2008).

De acordo com Ortega e Martinez-Cécera (2000) é imprescindivel conhecer
as diferentes formas clinicas da enfermidade, do diagnostico e posterior atividade
terapéutica. Como uma forma de profilaxia, os autores recomendam a evisceracao
do pescado, ainda no barco em alto mar, diminuindo assim a possibilidade de
contaminacdo da carne do pescado. Audicana (2000) relata que a espécie A.
simplex é um fator etiolégico de anafilaxia em adultos com idade média entre 40 a
60 anos que regularmente consomem pescados, sugerindo uma prevaléncia similar
ou maior que outros alimentos, considerados tradicionalmente alergénicos. A
exposicdo repetida as proteinas parece frequente, em vista dos dados de alta
incidéncia de parasitismo nos pescados na Espanha.

Embora os relatos de anisaquidose alérgica apontem o A. simplex como
principal responséavel pelas reagbes de hipersensibilidade, Caldas et al. (1998)
sugeriram que ha reacdo cruzada entre antigenos de A. simplex e H. aduncum.
Segundo Caldas et al. (1998) esses parasitos possuem alguns antigenos comuns e
outros que sao espécie-especificos. Outras espécies distintas como Ascaris
lumbricoides (Linnaeus, 1758), Ascaris suum (Goeze, 1782), Toxacara cannis
(Werner, 1782), Blatella germanica (Linnaeus, 1767) e género Chironomus Meigen,
1803 também apresentaram reacdes cruzadas descritas com antigenos de A.
simplex (CALDAS et al., 1998).

O diagnéstico desta parasitose em humanos é dificil devido a auséncia de
sintomas e sinais clinicos caracteristicos, porém ele se confirma ao se observar a
larva, quando é expectorada ou extraida mediante endoscopia de zonas acessiveis
(esdfago, estdbmago, célon); contudo, € mais dificil quando a larva migra até o
intestino delgado ou esta extragastrointestinal, requerendo com frequencia cirurgia
ou quando a infeccdo se torna cronica e a larva € destruida pelo sistema imune
(DEL REY-MORENO et al., 2008).

2.7 LEGISLACAO BRASILEIRA SOBRE PARASITOS DE PESCADO
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A legislacdo em vigor no Brasil com relagdo aos parasitos de pescado é o
Decreto n°® 30.691, de 29 de marco de 1952 (BRASIL, 1952), publicado no Diario
Oficial da Unido de 07/07/1952, que em seu artigo 445, item 4, cita como improprio
para o consumo, 0 pescado que apresenta infestagdo muscular macica por
parasitos, que possam prejudicar ou ndo a saude do consumidor. Todo pescado
considerado improprio deve ser condenado e transformado em subprodutos nao

comestiveis.

2.8 MEDIDAS PREVENTIVAS CONTRA PARASITOSES ASSOCIADAS AO
CONSUMO DE PEIXES

A evisceracdo a bordo logo ap6s a captura tem sido apontada por diversos
autores como uma medida de controle, uma vez que a presenca das larvas na
musculatura ocorre, em sua maioria, por migracao das larvas nas visceras para a
musculatura durante os periodos de espera nos barcos e entrepostos (DIAS et al.,
2010, 2011; KNOFF et al., 2007; VALLS et al., 2005). Além disso, como ressaltado
por Sabater e Sabater (2000), ndo se deve descartar diretamente ao mar essas
visceras, pois os Orgaos parasitados seriam ingeridos por mamiferos marinhos e
completariam seu ciclo, para evitar o aumento da disponibilidade do parasito em seu
habitat.

A andlise visual dos peixes com descarte de espécimes parasitados também
€ recomendada e prevista na legislacdo de paises como Espanha, dentre outros. Na
industria, esta analise pode incluir a utilizagdo da “candling table” para analise e
amostragem do produto filetado (ALONSO-GOMEZ et al., 1997, AUDICANA et al.,
2000).

Para prevencéo, recomenda-se a ndo ingestdo do peixe cru, € a c0OcCgao
devera atingir 70 °C por um minuto. O congelamento na temperatura de — 20 °C por,
no minimo, 72 horas e a salga, desde que em altas concentracdes de sal sejam
distribuidas uniformemente em todo o peixe, sdo capazes de matar 0s parasitos
(ACHA; SZYFRES, 2003). Porém, a morte das larvas néo inviabiliza os antigenos

alergénicos, segundo Sabater e Sabater (2000), a retirada da porcao ventral da
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musculatura, minimizaria a ocorréncia da alergia, visto que essa regido, por estar
mais proximo das visceras €, em geral, a mais parasitada.

Outra medida importante para a prevencdo é a conscientizacdo. Alguns
autores sugerem que as autoridades sanitarias realizem campanhas educacionais
por folhetos explicativos, informes, reportagens, debates e propagandas, através de
uma abordagem correta, clara e didatica evitando-se alarme social desnecessario,
conduzindo a conscientizacdo e educacdo sobre o assunto (DIAS et al., 2010;
KNOFF et al., 2007; SABATER; SABATER, 2000).

Em relacdo ao tratamento ndo existem farmacos eficazes para o combate da
anisaquidose, sendo a eliminacdo das larvas por extracdo endoscopica o tratamento
de eleicdo (FERRE, 2001).
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3 DESENVOLVIMENTO

O estudo foi iniciado com a analise dos nematoides Anisakidae do peixe
sapo-pescador Lophius gastrophysus comercializados nos municipios de Cabo Frio,
Niter6i, Duque de Caxias e Rio de Janeiro. Em seguida, foram realizadas as
taxonomias integrativas dos nematoides Anisakidae e Raphidascarididae dos
linguados Paralichthys patagonicus e Xystreurys rasile e dos acantocefalos de P.
isosceles, P. patagonicus e Xystreurys rasile, comercializados no litoral do Estado do
Rio de Janeiro, Brasil.

Os resultados sdo apresentados a seguir na forma de manuscritos.

3.1 ARTIGO 1: ANISAKIDAE NEMATODES IN THE BLACKFIN GOOSEFISH,
Lophius gastrophysus MIRANDA-RIBEIRO, 1915 PURCHASED IN THE STATE OF
RIO DE JANEIRO, BRAZIL

3.2 ARTIGO 2: INTEGRATE TAXONOMY OF ANISAKIDAE AND
RAPHIDASCARIDIDAE NEMATODES OF Paralichthys patagonicus AND Xystreurys
rasile (PISCES: TELEOSTEI) OF SANITARY IMPORTANCE IN THE SOUTH
EASTERN BRAZIL MARINE ECOREGION

3.3 ARTIGO 3: INTEGRATIVE TAXONOMY OF ACANTHOCEPHALANS
PARASITIZING FLOUNDERS Paralichthys isosceles, P. patagonicus AND
Xystreurys rasile (PISCES: TELEOSTEI) IN THE SOUTH EASTERN BRAZIL
MARINE ECOREGION
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ABSTRACT. The blackfin goosefish is included in a prized fish category, representing valuable fishery
resource worldwide. The aim of this study was to 1dentify the Anisalidae larvae parasitizing this fish
species, considering the hygienic-sanitary and public health mmportance of these parasites infecting
specimens of the blackfin goosefish., Lophius gastrophysus Miranda-Ribeiro, 1915 (Lophiidae). purchased
from markets in the municipalities of Cabo Frio, Niterél, Duque de Caxias and Rio de Janeiro;
parasitological indices and sites of infection are presented. From March 2000 to December 2005, §7
specimens of Lophius gastrophysus were investigated for helminths. Seventeen fish (19.5%) were parasitized
with larvae of anisalid nematodes. Anisakis simplex, Hysterothylacium sp. and Raphidascaris sp. appeared with
prevalence of 1.14, 12.6 and 12.6%. intensity and mean intensity of infection of 1, 2.81, 10.5 and mean
abundance of 0.01, 0.35 and 1.33 respectively. The sites of infection were stomach, stomach and intestine
serosas and abdominal cavity. This 1s the first record of Anisakis simplex, Hysterothylacium sp. and
Raphidascaris sp. for this species of fish.

Keywords: Anisakis simplex, Hysterothylacium, Raphidascaris, larvae, Lophius gastrophysus.

Nematoides Anisakidae no peixe sapo-pescador, Lophius gastrophysus Miranda-Ribeiro, 1915
comercializado no Estado do Rio de Janeiro, Brasil

RESUMO. Nematoides Anisakidae no peixe sapo-pescador. Lephius gastrophysus Miranda-Ribeiro, 1915
comercializados no Estado do Rio de Janeiro, Brasil. O peixe sapo-pescador é muito apreciado e representa
um valioso recurso pesqueiro em nivel mundial. O objetivo deste estudo foi o de identificar larvas de
Anisakidae pela sua importincia higiénico-sanitiria e na satde priblica, cujos parasitos infectam espécimes
do peixe sapo-pescador, Lophius gastrophysus Miranda-Ribeiro, 1915 (Lophiidae), obtidos em mercados dos
municipios de Cabo Frio, Niterél, Duque de Caxias e Rio de Janeiro; sio apresentados os indices
parasitolégicos e sitios de mfecgio dos helmintos encontrados. Foram investigados 87 espécimes de Lophius
gastrophysus no periodo de margo de 2000 a dezembro de 2005. Desses, 17 (19.5%) estavam parasitados por
larvas de anisaquideos. Anisakis simplex, Hysterothylacium sp. e Raphidascaris sp. apareceram com prevaléncias
de 1,14, 12,6 e 12,6%, intensidade e intensidade média de infecgio de 1, 2,81 e 10,5, abundincia média de
0,01, 0.35 e 1.33 respectivamente. Os sitios de infecgio foram o estdémago. serosas do estémago e intestino e
cavidade abdominal. Este é o primeiro registro de Anisakis simplex, Hysterothylacium sp. e Raphidascaris sp.
nesta espécle de peixe,

Palavras-chave: Anisakis simplex, Hysterothylacium, Raphidascariz, larvas, Lophius gastrophysus.

Introduction

The species Lophius gastrophysus Miranda-Ribeiro,
1915 (Lophiidae), is widely known as “fishing fish”
due to the way they attract preys to its wide mouth
by moving the illicium. The lophids are considered
poor swimmers found i depths not exceeding
200 m, occasionally reaching 1,000 m, and mostly
inhabit bottom environments. Eggs and larvae are
pelagic, whereas juveniles are demersal, occupying
deeper areas when adults (VALENTIM et al., 2007).
The blackfin goosefish is included 1n a prized fish

category, representing a valuable fishery resource
worldwide. Lophius gastrophysus occurs from the
State of Rio de Janeiro to Argenfina, 1s the only
species of Lophuformes found in the Brazihan
southeastern region (FIGUEIREDO; MENEZES,
1978) and 1s considered of high commercial value,
mainly for international market. Considering the
Increasing opportunities to export meat of this fish
species to the European and Asian countries, there
was a rapid development related to organized fishery
procedures involving Brazilian or other hired ships
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in a wide and unprecedented occupation of fishing
areas 1n the region between the north of Rio de
Janeiro and south of Rio Grande do Sul (PEREZ
etal., 2002; RAMELLA etal., 2005).

Exhaustively described over the years the food-
borne parasitic infections are still of great concern in
public health, with emphasis 1n the role played by
the amisakid nematodes in the spreading of human
infections with Anisakis,
Pseudoterranova and Contracaecum, with the species
A. simplex (Rudolphi, 1809) and P. decipiens (Krabbe,
1878) reported in most cases (ADAMS et al., 1997).

In humans, this parasitosis can occur after the

anisakiasis due to

ingestion of raw, poor cooked/smoked or superficially
salted fish meat containing infective larvae (ACHA;
SZYFRES, 2003; AUDICANA et al., 2002; HUANG;
BUSSIERAS, 1988). Larvae can remain in the stomach
cavity, without mvading the tissues, causing a generally
asymptomatic mnfection. In the mvasive cases, larvae
migrate to the gastric or intestinal mucosa inducing the
appearance of edema, ulcers and bleeding (ACHA;
SZYFRES, 2003); cases of angloedema, nauseas,
vomuting, diarrhea, acute cutaneous rash, anaphylaxas,
allergy, abdomunal tumors, polyarthnitis, angina-like
thoracic pain, epigastric pain, bronchial spasm, empty
stomach sensation, gastric ulcer simulation, ileitis and
appendiciis (ALONSO et al, 1997; AUDICANA
et al, 2002; DASCHNER et al, 1997; GARCIA;
ARAUZO, 2004; GOMEZ et al., 2003; MERCADO
et al., 1997, 2001; PURELLO-D’AMBROSIO et al.,
2000; RODRIGUEZ et al., 2006; RUBIO et al., 2003).

In fish, anisakiasis can affect several organs and
the number of larvae can reach up to 100
specimens/fish (ACHA; SZYFRES, 2003). Usually,
the most affected organ 1s the liver and the most
important change 1s the atrophy (ACHA; SZYFRES,
2003). Anisakids can remaimn encapsulated 1 other
organs, perforating the stomach wall, may cause
visceral adherence and muscular destruction
(ACHA; SZYFRES, 2003; EIRAS; REGO, 1987,
FELIZARDO et al., 2009a; MOTTA et al., 2008
REGO et al., 1985; TEKIN-OZAN; KIR, 2007).
Teleosteans, which play a role mn the life cycle of
anisakid worms as intermediate hosts, have been
investigated aiming at finding the larval forms of
these nematodes. This paper deals with the report of
anisakids parasinzing specimens of L. gastrophysus,
together with parasitological indices of prevalence,
Intensity, mean lntensity, range of infection, mean

abundance and sites of infection.

Material and methods

From March 2000 to December 2003, 87
specimens (female) of the blackfin goosefish
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L. gastrophysus were obtained from markets mn the
municipalities of Cabo Frio (39 specimens), Niterdi
(34 specimens), Duque de Caxias (six specimens),
and Rio de Janeiro (eight specimens). Fish had 27-
68 cm (40.95 cm) length. After being purchased,
they were carried in 1sothermal containers with 1ice
to the Laboratory of Helminth Parasites of
Vertebrates, Oswaldo Cruz Institute, Oswaldo Cruz
Foundation, Rio de Janeiro, to be investigated for
helminths. The of fish 18 1in
accordance with Figueiredo and Menezes (1978).

identification

For the recovery procedures, specimens were
eviscerated; the organs and abdominal musculature
were transferred to individual Petri dishes with a
0.65% NaCl solution to be further examined under
a stereoscope microscope. The filets, obtained after
an incision from near the opercula to the insertion
of the caudal fin, were observed using a negatoscope.
Nematodes were processed for study in accordance
with Amato et al. (1991). Identification of larval
Anisakidae was based on Rego et al. (1983), Petter
and Maillard (1988), T et al. (2001) and
Felizardo et al. (2009b). The parasitic indices are in
accordance with Bush et al. (1997). Representative
specimens were deposited i the Helminthological
Collection of the Oswaldo Cruz Institute
(CHIOC), Rio de Janewro, Rio de Janeiwro State,
Brazil.

Results

The Amisakidae collected from the specimens of
L. gastrophysus were represented by larval stages,
most of them with high prevalence. Only A. simplex
than  10%.
Seventeen specimens (19.5%) were parasitized with

occurred  with  prevalence lower
34 stage larvae of A. simplex, Hysterothylacium sp. and
Raphidascaris sp. Anisakis simplex occurred only in the
stomach serosa with prevalence of 1.14%, 1 of
mtensity and 0.01 of mean abundance (CHIOC no.
35687). Hysterothylacium sp. presented prevalence of
12.6% 1in different sites, with a mean infection of
2.81, range of infection of 1-10 specimens/ﬁsh and
mean abundance of 0.35. Larvae were found in the
stomach, intestinal serosa and abdominal cavity
(CHIOC no. 35686). sp. had
prevalence of 12.6%, 10.5 of mean intensity, range of
infection of 1-89
abundance of 1.33. These larvae were present in the
stomach (CHIOC no. 35685). Sixty-five per cent of
the 17 parasitized fishes were mnfected wath a single
amisakid species, whereas 35% had hosted two
species. Single infections occurred in 11 specimens,

Raphidascaris

and Imean

specimens/ﬁsh

five parasitized with Hysterothylacium sp. and six with
Raphidascaris sp. Co-infections with two species were
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observed in srx fish, one with Anisakis simplex and
H ysfmthyfacium sp- and five with Hysfemfhyfacimn sp.
and Raphidascaris sp.

Thus 15 the first report of A. simplex, Hysterothylacium
sp. and Raphidascaris sp. in L. gastrophysus.

Discussion

The specific 1dentfication 1s restricted to a small
group of larvae on the basis of morphological and
morphometrics data, i accordance with previous
findings related to amisalad larvae, recovered from
other marine fish that occur in the littoral of the State
of Rio de Janerro, reported by Felizardo et al. (2009a
and b).

The presence of larval stages of nematodes indicates
the potential of this fish species as an intermediate host
in life cycles of parasites trophically transmutted n the
marine environment. Valentim et al. (2008) noting
about 40 food 1tems 1n the stomach of L. gastrophysus,
among them, fish, mollusks and crustaceans, had
suggested that the diet of L. gastrophysus promotes its
role as intermediate hosts; thus the present results
corroborate this statement, since only larval stages of
the helminths were recovered. In Brazil, to date, there
are no reports relative to human anisakiasis in despite
of the recovery of larvae from marine and freshwater
fish, and marnne cetacean (ABDAILTLAH
et al, 2005. BRASIL-SATO: SANTOS, 2005
KNOFF et al,, 2004, 2007; LACERDA et al., 2009;
LUQUE; POULIN, 2004, MOTTA et al., 2008;
PRADO: CAPUANO, 2006; PEREIRA et al., 2000;
TAVARES; LUQUIE, 2006; SALGADO et al., 2004;
SILVA: SAO CLEMENTE, 2001; SILVA et al., 2000),
together with the finding of alive Amisakidae larvae 1n
the musculature of teleosteans (KINOEFF et al., 2007;
PADOVANI et al., 2005; SAAD; LUQUIE, 2009).

The ingestion of raw fish meat (sashimi, sushi
and “ceviche”), or smoked fish 1s becoming more
frequent than ever in great Brazilian urban centers;
the meat derives from marine and freshwater fish,
including autochthonous or mmported species that
could promote the appearing of human anisakiasis in
Brazil, taking mto account the increasing populanty
of restaurants and fast food facilities, specialized in
serving exotic dishes as reported by Germano and
Germano (1998). According to McCarthy and
Moore (2000) the change of alimentary habits 1s an
important cause for the establishment of helminth
zoonotic infections, thus increasing the risk factors.
Amato and Barros (1984) have reinforced this
argument suggesting that anisakiasis may become an
emergent zoonosis in Brazil. In addition, Pereira
et al. (2000) have asserted that a major nisk factor for

infections 1s related to the frequent travels people

choose, for business or fun, to countries in which
exotic alimentary habits are maintained, along with
the 1mmportation of natural, smoked or salted marine
products. The World Health Orgamzation - WHO
informs that human infections can be prevented by
avoiding the ingestion of raw fish meat, remarking
that most of the amsakid species harmful to humans
die under high temperatures; nevertheless, even the
ingestion of well cooked fish meat containing dead
larvae can promote the appearance of allergemc
processes (ACHA; SZYFRES, 2003; ALONSO et al.,
1997; AUDICANA et al., 2002; KASUYA et al., 1990).

Conclusion

The report on the presence of amisakid larvae
of the

Inspection Service 1n adopting specific procedures to

emphasizes the 1mportance Sanitary
detect the presence of larvae and promote their
control, considering their zoonotic threat; the
prevention of anisakiasis mostly depends on the
population sanitary education together with the
knowledge of proper rules to be followed 1n order to
avoid the spreading of this zoonosis (KINOFF et al.,
2007; TAVARES; LUQUIE, 2006).
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ABSTRACT

From February 2007 to March 2015, 66 flounders specimens (Pleuronectiformes,
Paralichthyidae) were collected in the State of Rio de Janeiro, Brazil, i.e., 36
Paralichthys patagonicus and 30 Xystreurys rasile specimens. The fish were measured,
necropsied, filleted, and further had their organs analyzed. They were parasitized with
Anisakidae and Raphidascarididae nematodes larvae. The specimens were parasitized
with  Anisakis typica, Terranova sp., Contracaecum sp., Hysterothylacium
deardorffoverstreetorum and Raphidascaris sp. The parasitary indices of prevalence,
intensity, mean intensity, abundance, mean abundance, range of infection, and infection
site of each parasite species are presented. The taxonomic identification was based on
morphological and morphometrical characters, and genetic analyses was used for
Anisakis  typica and  Hysterothylacium  deardorffoverstreetorum.  Genetic

characterization confirmed the species identification of Anisakis and Hysterothylacium
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specimens, as demonstrated by phylogenetic analysis, using both ITS and cox2
molecular targets. That is the first repport of A. typica, H. deardorffoverstreetorum, and
Raphidascaris sp. parasitising these flounder species. Considerations on the zoonotic

potencial of the parasites and their rules in sanitary inspection are presented.

* Corresponding author. Tel.: +55 21 2562-1462: fax: +55 21 2562-1511
E-mail address: knoffm@ioc.fiocruz.br (M. Knoff)

Keywords:
Anisakidae, Raphidascarididae, Nematodes, Paralichthys patagonicus, Xystreurys

rasile, Brazil

1. Introduction

Flounder species included in Paralichthyidae occurring in the Brazilian coast,
represent one of the most outstanding fishery resources in Brazil (Figueiredo and
Menezes, 2000), and is widely sold in domestic and foreign markets.

Parasitic nematodes are known as important pathogens that cause problems for
human and animal’s health. Some of them naturally inhabit the marine environment,
where they are widespread and can be found on different hosts’ variety. Adults are
commonly found in the digestive tract of marine mammals that are definitive hosts:
when larvae infect aquatic invertebrates and other vertebrates like fish, these ones are
intermediate hosts (Klimpel and Palm, 2011).

Parasitic infections associated with consumption of fishery products have always
been a concern for the public health and for economy. Recently, the World Health
Organization (WHO, 2013) has estimated a prevalence of approximately 56 million
cases worldwide and about 400 million individuals exposed to parasitic infections risk
(WHO, 2013). The main food-borne zoonoses associated with the consumption of
fishery products are mainly attributable to trematodes, cestodes and nematodes Anisakis
Dujardin, 1845, Contracaecum Railliet and Henry, 1912, and Pseudoterranova
Mozgovoi, 1951 genera (Adams et al., 1997; Arcangeli et al., 1997; D’amico et al.,
2014; Hochberg et al., 2010; Klimpel and Palm, 2011; Nagasawa and Moravec, 1995;

Piccolo et al., 1999). Among these parasites, the anisakids are the most important under
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the sanitary point of view, since they are capable to induce pathologies in humans such
as anisakidosis, anisakiosis and pseudoterranovosis (Bandes et al., 2005; Chai et al.,
2005; Klimpel and Palm, 2011; Puccio et al., 2008). In humans, this parasitosis can
occur after the ingestion of raw, poor cooked/smoked or superficially salted fish meat
containing infective larvae (Acha and Szyfres, 2003; Audicana et al., 2002; Huang and
Bussiéras, 1988). Larvae can remain in the stomach cavity, without invading the tissues,
causing a generally asymptomatic infection. In the invasive cases, larvae migrate to the
gastric or intestinal mucosa inducing the appearance of edema, ulcers and bleeding
(Acha and Szyfres, 2003); cases of angioedema, nauseas, vomiting, diarrhea, acute
cutaneous rash, anaphylaxis, allergy, abdominal tumors, polyarthritis, angina-like
thoracic pain, epigastric pain, bronchi spasm, empty stomach sensation, gastric ulcer
simulation, ileitis and appendicitis can occur (Alonso et al., 1997; Audicana et al., 2002;
Daschner et al., 1997; Garcia and Arauzo, 2004; Gomez et al., 2003; Mercado et al.,
1997, 2001; Purello-D’ambrésio et al., 2000; Rodriguez et al., 2006; Rubio et al., 2003).
In Brazil, there is only one reported case of anisaquidosis (Cruz et al., 2010).

In Brazil, the nematodes have been referred parasitizing some species of marine
teleost fish (Bicudo et al., 2005; Dias et al., 2011; Felizardo et al., 2009a; Fontenelle et
al., 2013, 2015; Knoff et al., 2007, 2013; Ribeiro et al., 2014; Sdo Clemente et al.,
1995).

In South America, there are studies of parasites of some flounders of
Paralichthyidae species in Brazil and Argentina. Report in Argentina was about the
parasite community of three flounder species, Paralichthys isosceles Jordan, 1890,
Paralichthys patagonicus Jordan, 1889 and Xystreurys rasile (Jordan, 1891). Records in
Brazil were about the copepods Caligus sp., parasites of P. orbignyanus (Valenciennes,
1839); anisakid and raphidascaridid nematodes, parasites of P. isosceles; cestodes
(Diphyllobothriidae and Trypanorhyncha) and trematodes (Didymozoidae), parasites of
P. isosceles and P. patagonicus; and cestodes (Trypanorhyncha), parasites of X. rasile
(Felizardo et al., 2009a, b, 2010, 2011; Fonseca et al., 2012; Knoff et al., 2012; Robaldo
et al., 2002); and the anisakid and raphidascaridid nematodes, parasites of P. isosceles,
collected in Brazil and Argentina (Alarcos and Timi, 2012; Alarcos et al., 2016).

Molecular biology has been used as an important tool for species identification and
taxonomic studies of larvae and adults of anisakid and raphidascaridid nematodes,

supporting the understanding of its biogeographical distribution (Di Azevedo et al.,



56

2015; Kijewska et al., 2002; Klimpel et al., 2007; Knoff et al., 2012; Kong et al., 2015;
Mattiucci et al., 2007, 2009; Pontes et al., 2005; Shamsi et al., 2013).

The present study aimed to investigate genetic and morphological characters of the
anisakid and raphidascaridid nematodes larvae infecting P. patagonicus and X. rasile
commercialized in the State of Rio de Janeiro, Brazil, and, thus, to establish the proper
species and their parasitary indices, relating to prevalence, mean intensity, mean

abundance, range of infection, and infection sites, along with their sanitary importance.

2. Materials and methods

2.1. Hosts, study area, and parasite collection

A total of 66 flounder specimens, i.e., 36 Paralichthys patagonicus, measuring 28.5-
59 cm (40.8 cm) in lenght and weighing 280-2530 g (820.4 g) (February 2007 - March
2015), and 30 Xystreurys rasile, measuring 11.5-31 cm (24.3 cm) in lenght and
weighing 20-240 g (158.5 g) (September - December 2010), were obtained in markets
of the municipalities of Cabo Frio, Niterdi, and Rio de Janeiro, State of Rio de Janeiro,
Brazil, considering the South Eastern Brazil marine ecoregion, in accordance with
Spalding et al. (2007). Fish were maintained in isothermal boxes with ice and carried to
the Laboratory of Helminth Parasites of Vertebrates, Oswaldo Cruz Institute (10C),
Oswaldo Cruz Foundation (FIOCRUZ), Rio de Janeiro. Fish species were identified in
accordance with Nakamura et al. (1986) and Figueiredo and Menezes (2000).
Nematodes were collected, fixed, clarified, and preserved, in accordance with Eiras et
al. (2006) and Knoff and Gomes (2012).

2.2. Morphological identification of parasites

The systematic position and phylogeny of the nematods are in accondance with De
Ley and Blaxter (2004) and taxonomic classification used for the Anisakidae and
Raphidascarididae followed Fagerholm (1991) system, and larval identification was
obtained in accordance with Bicudo et al. (2005), Felizardo et al. (2009a), Incorvaia and
Diaz de Astarloa (1998), Knoff et al. (2012), Petter and Maillard (1988), and Timi et al.
(2001). Measurements were obtained for specimens by bright field microscopy with
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Olympus BX 41 and are in millimetres; ranges are followed by means in parentheses.
Part of the specimens was processed by scanning electron microscopy (SEM). This
material was processed as described by Lopes Torres et al. (2013). The samples were
examined under a JEOL 5320 scanning electron microscope, operating at acceleration
voltage of 15 kV.

2.3. Molecular and phylogenetic analysis

For genetic analysis, nematodes were ground with liquid nitrogen and DNA
extraction, using QlAamp® DNA Mini Kit (Qiagen), as described by Ifiguez et al.
(2012). Polymerase Chain Reactions (PCR) were performed targeting the first internal
transcribed spacer (ITS-1) and the cytocrome ¢ oxidase subunit Il (cox2) gene, using
primers and PCR conditions described by Nadler and Hudspeth (2000) and Knoff et al.
(2012), respectively. PCR products were analyzed by electrophoresis in agarose gels
and visualized under UV light, after ethidium bromide staining. Amplicons were
directly sequenced using Big Dye Terminator v 3.1 Cycle Sequencing Ready Reaction
kit (Applied Biosystems) in a 3100 Automated DNA Sequencer as recommended by the
suppliers.

Pairwise/Blast/NCBI, SeqMan v7.0, ClustalW v1.35 (Thompson et al., 1994) and
BioEdit v7.0.1 (Hall, 1999) softwares were used for editing and sequence analysis.
Neighbor-Joining (NJ) phylogenetic trees were inferred using Molecular Evolutionary
Genetics Analisys (MEGA) v 6 (Tamura et al., 2013), with Kimura-2-Parameters (K2P)
model, following Barcoding CBOL protocol (http://www.barcoding.si.edu/PDF/
Guidelines.pdf). Additionally, Maximum Likelihood (ML) trees were constructed using
the model selected by the Model Selection tool built in MEGA, which were Tamura-Nei
(TN93) for cox2 gene and K2P for ITS-1 region. Complete deletion and gamma
distribution parameters were used. One thousand bootstrap replicates were applied to
evaluate the reliability of clusters. Anisakis berlandi (GenBank DQ116429),
Pseudoterranova decipiens (GenBank AY 821737) and Pseudoterranova ceticola
(GenBank DQ116435) were used as outgroup for cox2 gene (Hysterothylacium sp.),
ITS-1 region (Hysterothylacium sp.), and cox2 gene (Anisakis sp.), respectively. The
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nucleotide sequences were deposited on GenBank with the accession numbers
KU356695 — KU356703.

2.4. Parasitary indices and nematode deposits

The parasitary therms were used according to Bush et al. (1997). The used
abridgments are P = prevalence, Ml = mean intensty, MA = mean abundance, and Rl =
range of infection. Collected voucher specimens were deposited in the Helminthological
Collection of the Oswaldo Cruz Institute (CHIOC), FIOCRUZ, Rio de Janeiro, RJ,

Brazil.

3. Results

3.1. Morphological identification

All hosts (100%) were parasitized by, at least, one species of parasite. A total of
5,915 third-stage nematode larvae (L3) were collected, i.e., 5,666 of P. patagonicus and

249 of X. rasile. Some larvae were alive and showed high motility.

Rhabditida Chitwood, 1933

Spirurina Railliet & Henry, 1915
Ascaridomorpha De Ley & Blaxter, 2002
Ascaridoidea Baird, 1853

Anisakidae Railliet & Henry, 1912
Anisakis Dujardin, 1809

Anisakis typica (Diesing, 1860) (Fig. 1)

Main features observed in five Ls from P. patagonicus and seven from X. rasile:
cuticle with thin transversal striation. Anterior extremity with a dorsal and two poorly
developed ventro-lateral lips. Six cephalic papillae, one pair in the dorsal lip and one
pair in each ventro-lateral lip. Boring tooth below the oral aperture, between the two
ventro-lateral lips. Excretory pore opening beneath the boring tooth. Deirids
inconspicuous. Ventriculus longer than large. Ventricular appendix and intestinal cecum

absent. Two nearly spherical rectal glands. Tail conical, mucron present.
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Fig. 1. Anisakis typica collected of Paralichthys patagonicus. a) anterior region, ventral
view, showing larval tooth (It), esophagus (e) and ventriculus (v); b) detail of larval
tooth (It), ventral view; c) detail of the tail showing mucron (m). Scale-bars: a = 0.4

mm, b =0.05 mm, and ¢ = 0.2 mm.



Measurements of larvae from P. patagonicus and X. rasile are showed in Table 1.

Table 1
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Morphometric data on Anisakis typica third-stage larvae collected from Paralichthys

patagonicus and Xystreurys rasile in the State of Rio de Janeiro, Brazil.

A. typica

P. patagonicus

X. rasile

(n=5)

(n=7)

Body length (1)
Body width (w)
Nerve ring?
Esophagus (1)
Esophagus (w)
Ventriculus (1)
Ventriculus (w)
Tail (1)

22.40-24.95 (23.91)

0.40-0.42 (0.41)
0.20-0.25 (0.23)
1.75-1.85 (1.80)
0.12-0.27 (0.17)
0.67-0.82 (0.73)
0.15-0.27 (0.18)
0.08-0.12 (0.10)

21.05-24.97 (23.33)

0.40-0.47 (0.42)
0.28-0.32 (0.29)
1.50-1.70 (1.60)
0.18-0.20 (0.18)
0.89-0.94 (0.79)
0.25-0.30 (0.28)
0.09-0.13 (0.10)

Mucron (1) 0.005-0.020 (0.013)

4 Distance to the anterior end.

0.005-0.010 (0.007)

Taxonomic summary

Hosts: P. patagonicus (Pp) and X. rasile (Xr).

Localities: Niterdi and Cabo Frio (Pp) and Rio de Janeiro (Xr).

Parasitary indices: P = 11.1%, Ml = 1.25, MA = 0.13, Rl = 1-2 (Pp); P = 16.6%, MI =
1.8, MA = 0.3, Rl = 1-3 (Xr).

Infection sites: stomach, intestine, liver, and abdominal cavity (Pp); stomach, intestine,
liver, and abdominal cavity (Xr).

Collected specimens: 5 (Pp); 9 (Xr).

Deposited specimens: CHIOC 36766, 36767, 36768 (Pp); CHIOC 36781, 36782, 36783
(Xr).

Terranova Leiper & Atkinson, 1914
Terranova sp. (Figs 2 and 3)
Main features observed in 10 Lz from P. patagonicus and three from X. rasile:

cuticle with thin transversal striation more evident in the posterior extremity of the
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body. Anterior extremity with a dorsal and two poorly developed ventrolateral lips. Six
cephalic papillae, one pair in the dorsal lip and one pair in each ventro-lateral lip.
Boring tooth below the oral aperture, between the two ventro-lateral lips. Excretory pore
opening beneath the boring tooth. Deirids inconspicuous. Ventriculus longer than large.
Ventricular appendix absent. Intestinal cecum twice the length of the ventriculus. Two
nearly spherical rectal glands. Tail conical, mucron absent.

Measurements of larvae from P. patagonicus and X. rasile are showed in Table 2.

Fig. 2. Terranova sp. collected of Paralichthys patagonicus. a) anterior region, ventral
view, showing larval tooth (It), esophagus (e), intestinal cecum (ic) and ventriculus (v);
b) detail of larval tooth (It), ventral view; c) tail. Scale-bars: a = 0.4 mm, b = 0.05 mm,

andc=0.1 mm.
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Fig. 3. Terranova sp. collected of Paralichthys patagonicus, SEM. a) anterior region,

ventro-lateral view, showing larval tooth (It), and excretory pore (ep); b) tail, ventral

view; c) tail, dorsal view. Scale-bars: a =10 pum, b, ¢ = 20 um.

Table 2

Morphometric data on Terranova sp. third-stage larvae collected from Paralichthys

patagonicus and Xystreurys rasile in the State of Rio de Janeiro, Brazil.

Terranova sp.

P. patagonicus

X. rasile

(n=10)

(n=3)

Body length (1)
Body width (w)
Excretory pore?
Nerve ring®
Esophagus (1)
Esophagus (w)
Ventriculus (1)
Ventriculus (w)

Intestinal cecum (I)
Intestinal cecum (w)

Tail (I)

4.57-7.85 (6.29)
0.16-0.21 (0.17)
0.26-0.29 (0.27)
0.16-0.23 (0.19)
0.50-0.87 (0.74)
0.05-0.08 (0.06)
0.24-0.44 (0.33)
0.09-0.13 (0.10)
0.18-0.42 (0.25)
0.03-0.06 (0.04)
0.08-0.16 (0.13)

5.72-6.35 (5.97)
0.14-0.18 (0.16)
0.17-0.22 (0.19)
0.78-0.85 (0.81)
0.08-0.14 (0.11)
0.36-0.40 (0.38)
0.15-0.18 (0.16)
0.33-0.42 (0.38)
0.05-0.08 (0.06)
0.13-0.16 (0.14)

2 Inconspicuous in some specimens. ° Distance to the anterior end.
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Taxonomic summary

Hosts: P. patagonicus (Pp) and X. rasile (Xr).

Localities: Rio de Janeiro, Niteroi and Cabo Frio (Pp) and Rio de Janeiro (Xr).
Parasitary indices: P = 33.3%, Ml = 2.66, MA = 0.88, Rl = 1-11 (Pp); P = 10%, MI = 1,
MA = 0.1 (Xr).

Infection sites: stomach, intestine, liver, abdominal cavity, and abdominal musculature,
(Pp); intestine, liver, and abdominal cavity (Xr).

Collected specimens: 32 (Pp); 3 (Xr).

Deposited specimens: CHIOC 36769, 36770, 36771 (Pp); CHIOC 36784, 36785, 36786
(Xr).

Contracaecum Railliet & Henry 1912
Contracaecum sp. (Figs 4 and 5)

Main features observed in four Lz from P. patagonicus and four from X. rasile:
cuticle with thin transversal striation, more evident in the posterior extremity of the
body. Anterior extremity with a dorsal lip and two poorly developed ventrolateral lips.
Six cephalic papillae, one pair in the dorsal lip and one pair in each ventro-lateral lip.
Boring tooth near the oral aperture, between the two ventrolateral lips. Excretory pore
opening beneath the boring tooth. Deirids inconspicuous. Ventriculus small and sub
spherical. Ventricular appendix nearly twice longer than the intestinal cecum. Two
almost spherical rectal glands. Tail conical, mucron absent.

Measurements of larvae from P. patagonicus and X. rasile are showed in Table 3.

Taxonomic summary

Hosts: P. patagonicus (Pp) and X. rasile (Xr).

Localities: Niteroi (Pp) and Rio de Janeiro (Xr).

Parasitary indices: P = 8.3%, MI = 1.66, MA = 0.13, Rl = 1-3 (Pp); P = 13.3%, MI =
1.33, MA =0.13, RI = 1-2 (Xr).

Infection sites: abdominal musculature, stomach, intestine, and abdominal cavity (Pp);
stomach, intestine, and abdominal cavity (Xr).

Collected specimens: 5 (Pp); 4 (Xr).

Deposited specimens: CHIOC 36772, 36773 (Pp); CHIOC 36787, 36788 (Xr).
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Fig. 4. Contracaecum sp. collected of Paralichthys patagonicus. a) anterior region,
lateral view, showing larval tooth (It), esophagus (e), ventriculus (v), ventricular
appendix (va) and intestinal cecum (ic); b) detail larval tooth (It), ventral view; c) tail.

Scale-bars: a=0.4 mm, and band ¢ =0.1 mm.
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Fig. 5. Contracaecum sp. collected of Paralichthys patagonicus, SEM. a) anterior

region, ventro-lateral view, showing larval tooth (It), and excretory pore (ep); b) tail,

lateral view. Scale-bars: aand b = 10 um.

Table 3

Morphometric data on Contracaecum sp. third-stage larvae collected from Paralichthys

patagonicus and Xystreurys rasile in the State of Rio de Janeiro, Brazil.

Contracaecum sp.

P. patagonicus

X. rasile

(n=2)

(n=2)

Body length (1)

Body width (w)

Nerve ring?

Esophagus (1)
Esophagus (w)
Ventriculus (1)
Ventriculus (w)
Appendix ventricular (I)
Appendix ventricular (w)
Intestinal cécum (1)

Tail (1)

3.05-4.80 (4.03)
0.14-0.19 (0.16)
0.16-0.17 (0.16)
0.60-0.65 (0.63)
0.25-0.28 (0.26)
0.02-0.04 (0.03)

0.030-0.035 (0.031)

0.44-0.46 (0.45)
0.13-0.16 (0.14)
0.26-0.30 (0.27)
0.11-0.14 (0.12)

3.25-4.30 (3.90)
0.14-0.16 (0.15)
0.16-0.17 (0.16)
0.55-0.60 (0.57)
0.25-0.26 (0.25)
0.04-0.07 (0.05)

0.030-0.040 (0.036)

0.44-0.45 (0.44)
0.13-0.15 (0.14)
0.27-0.29 (0.28)
0.11-0.13 (0.12)

4 Distance to the anterior end.
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Raphidascarididae Hartwich, 1954

Hysterothylacium Ward & Magath, 1917

Hysterothylacium deardorffoverstreetorum Knoff, Felizardo, Ifiiguez, Maldonado Jr,
Torres, Pinto & Gomes, 2012 (Figs 6 and 7)

Fig. 6. Hysterothylacium deardorffoverstreetorum collected of Paralichthys
patagonicus. a) anterior region, ventral view, showing esophagus (e), ventriculus (v),
ventricular appendix (va) and intestinal cecum (ic); b) coninal tail, lateral view, showing
mucron (m); c) detail of mucron (m). Scale-bars: a = 0.4 mm, b = 0.1 mm, and ¢ = 0.025

mm.
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Fig. 7. Hysterothylacium deardorffoverstreetorum collected of Paralichthys
patagonicus, SEM. a) anterior region, ventro-lateral view; b) tail, ventro-lateral view,

showing mucrom (m); c¢) Detail of mucrom (m). Scale-bars: aand b =20 um, ¢ =2 pm.

Main features observed in 14 Lz from P. patagonicus and 12 from X. rasile: cuticle
with lateral alae extending along the body with a wedge-shaped support, devoid of basal
extension. Anterior extremity with a dorsal and two poorly developed ventro-lateral
lips. Nine cephalic papillae, two pairs in the dorsal lip together with a large papilla and
one pair in each ventro-lateral lip. Boring tooth absent. Excretory pore opening below
the nerve ring. Ventriculus nearly spherical. Ventricular appendix twice longer than the
esophagus. Intestinal cecum present. Four subspherical rectal glands. Tail conical,
mucron present.

Measurements of larvae from P. patagonicus and X. rasile are showed in Table 4.

Taxonomic summary

Hosts: P. patagonicus (Pp) and X. rasile (Xr).
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Morphometric data on Hysterothylacium deardorffoverstreetorum third-stage larvae

collected from Paralichthys patagonicus and Xystreurys rasile in the State of Rio de

Janeiro, Brazil.

H. deardorffoverstreetorum

P. patagonicus

X. rasile

(n=14)

(n=12)

Body length (1)
Body width (w)
Excretory pore?
Nerve ring®
Esophagus (1)
Esophagus (w)
Ventriculus (1)

Ventriculus (w)

Appendix ventricular (1)
Appendix ventricular (w)

Intestinal cécum (1)

Tail (1)
Mucron (1)

2.45-17.32 (9.54)
0.12-0.47 (0.25)
0.35
0.31-0.41 (0.37)
0.47-1.01 (0.65)
0.03-0.10 (0.06)
0.04-0.12 (0.07)
0.03-0.12 (0.08)
0.14-0.81 (0.43)
0.02-0.18 (0.09)
0.05-0.46 (0.16)
0.06-0.21 (0.14)

0.001-0.004 (0.001)

4.50-9.17 (6.31)
0.15-0.29 (0.19)
0.12-0.26 (0.20)
0.40-0.79 (0.53)
0.05-0.10 (0.07)
0.05-0.10 (0.08)
0.04-0.10 (0.07)
0.43-0.64 (0.50)
0.06-0.11 (0.08)
0.13-0.23 (0.16)
0.15-0.30 (0.25)

0.001-0.002 (0.001)

& Inconspicuous in some specimens.

b Djstance to the anterior end.

Localities: Rio de Janeiro, Niteroi and Cabo Frio (Pp) and Rio de Janeiro and Niteroi

(Xr).

Parasitary indices: P = 100%, Ml = 154.2, MA = 154.2, Rl = 1-859 (Pp); P = 93.3%, Ml

=7.21, MA = 6.73, Rl = 1-17 (Xr).

Infection sites: stomach, intestine, liver, stomach serosa, abdominal cavity, and

abdominal musculature (Pp); stomach, intestine, liver, abdominal cavity, and abdominal

musculature (Xr).

Collected specimens: 5552 (Pp); 202 (Xr).
Deposited specimens: CHIOC 36774, 36775, 36776, 36777 (Pp); CHIOC 36789,

36790, 36791 (Xr).
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Raphidascaris Railliet & Henry, 1915
Raphidascaris sp. (Figs 8 and 9)

Main features observed in 12 L3 from P. patagonicus and 12 from X. rasile: cuticle
smooth, devoid of striations. Lateral alae extending along the body. Poor developed
lips. Ventral boring tooth present. Ventriculus wider than long. Ventricular appendix
present. Intestinal cecum absent. Excretory pore below the nerve ring. Two rectal glands
nearly spherical. Tail pointed with well defined transversal striations in the terminal

portion.

Fig. 8. Raphidascaris sp. collected of Paralichthys patagonicus. a) anterior region,
ventral view, showing larval tooth (It), nerve ring (nr), esophagus (e), ventriculus (v),
ventricular appendix (va); b) detail larval tooth (It), ventral view; c) tail lateral view.

Scale-bars: a=0.4 mm, b =0.1 mm, and ¢ = 0.2 mm.
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Fig. 9. Raphidascaris sp. collected of Paralichthys patagonicus, SEM. a) anterior
region, dorso-lateral view, showing larval tooth (It); b) tail, lateral view. Scale-bars: a =

10 pm and b = 20 pm.

Measurements of larvae from P. patagonicus and X. rasile are showed in Table 5.

Taxonomic summary

Hosts: P. patagonicus (Pp) and X. rasile (Xr).

Localities: Rio de Janeiro, Niteroi and Cabo Frio (Pp) and Rio de Janeiro (Xr).
Parasitary indices: P = 38.8%, M| = 5.14, MA = 2, Rl = 1-21 (Pp); P = 33.3%, MI =
3.1, MA = 1.03, RI = 1-8 (Xr).

Infection sites: stomach, intestine, liver, abdominal cavity, and abdominal musculature
(Pp); stomach, intestine, liver, abdominal cavity, and abdominal musculature (Xr).
Collected specimens: 72 (Pp); 31 (Xr).

Deposited specimens: CHIOC 36778, 36779, 36780 (Pp); CHIOC 36792, 36793,
36794, 36795 (Xr).
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Table 5
Morphometric data on Raphidascaris sp. third-stage larvae collected from Paralichthys

patagonicus and Xystreurys rasile in the State of Rio de Janeiro, Brazil.

Raphidascaris sp.

P. patagonicus

X. rasile

(n=12)

(n=12)

Body length(l)
Body width (w)
Excretory pore?
Nerve ring®
Esophagus (1)
Esophagus (w)
Ventriculus (1)

Ventriculus (w)

Appendix ventricular (I)

Appendix ventricular (w)

Tail (1)

2.81-10.87 (7.11)
0.15-0.35 (0.28)
0.06-0.12 (0.09)
0.14-0.22 (0.20)
0.47-0.91 (0.74)
0.08-0.19 (0.14)
0.03-0.07 (0.05)
0.07-0.16 (0.12)
0.30-0.55 (0.45)
0.03-0.09 (0.06)
0.10-0.35 (0.20)

1.85-7.75 (5.39)
0.25-0.45 (0.35)
0.19-0.24 (0.12)
0.60-0.87 (0.78)
0.12-0.18 (0.14)
0.05-0.08 (0.06)
0.06-0.14 (0.10)
0.37-0.50 (0.43)
0.05-0.08 (0.06)
0.10-0.16 (0.13)

& Inconspicuous in some specimens.

b Distance to the anterior end.

3.2. Genetic analysis

Genetic analysis of mtDNA cox2 and ITS-1 region revealed amplicons with the
expected size (629bp and ~500bp, respectively). The pairwise/Blast/NCBI comparisons
with GenBank dataset revealed 99% of similarity with Anisakis typica dataset (coverage
of 99%) of two specimens. Additionally, 13 specimens revealed 98%-100% of
similarity with Hysterothylacium deadorffoverstreetorum sequences for both markers
with coverage higher than 96%.

Concerning Anisakis genetic analysis, the topologies of ML and NJ trees for both
markers were corroborative, confirming the specimen’s identification as A. typica.
Phylogenetic tree shows Anisakis sp. from the present study clustering, with high
bootstrap value (NJ=100%, ML=100%; Fig. 10), with A. typica sequences.

Regarding Hysterothylacium analysis, the topologies of ML and NJ trees for both

markers were identical confirming the specimen identification as H.
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deadorffoverstreetorum. Phylogenetic analysis revealed Hysterothylacium sp. from
clustering of this study with H. deadorffoverstreetorum sequences in a monophyletic
clade with high bootstrap value, both in ITS-1 tree (NJ=98%, ML=95%; Fig. 11), as in
MtDNA cox2 tree (NJ=100%, ML=100%; Fig. 12). However, in mtDNA cox2

HM488999 A simplex(s.s)
99/76| - HM488998 A simplex(s.s)
HM489000 A simplex(s.s)
JF423297 A berlandi
JF423296 A berlandi
JF423295 A berlandi
JF423271 A pegreffii
100/89|- JF423270 A pegreffii
931781 JF423269 A pegrefii
00 99|— DQ116430 A ziphidarum
AB517573 A ziphidarum

| GQ118172 A nascettii
GQ118173 A nascettii
GQ118171 A nascettii

PP 41
100/1oor PP 42

_| JQ934884 A typica
DQ116427 A typica
AB517572 A typica
AB517571 A typica

99/99

86/51 100/

ABb592809 A paggiae
100/98
r ABb592810 A paggiae
AB592808 A paggiae

DQ116433 A brevispiculata
100/99r— KC342901 A brevispiculata
67/86 L KC342900 A brevispiculata
F AB592799 A physeteris

DQ116432 A physeteris
ABb592801 A physeteris

99/97

DQ116435 P ceticola

0.05

Fig. 10. mtDNA Anisakis sp. cox2 phylogenetic tree. NJ tree inferred from Anisakis sp.
mtDNA cox2 gene sequences from this study (PP) and GenBank sequences (accession
numbers are shown). Numbers at nodes are bootstrap values higher than 50%. Regular
numbers correspond to NJ K2P distribution support values and numbers in italics
correspond to ML TN93 plus gamma distribution support values. Pseudoterranova
ceticola is the outgroup. The tree is drawn to scale, with branch lengths measured as the

number of substitutions per site.
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— JF730202 H deardorffoverstreetorum
PP 3.1

PP 4.2

- JF730204 H deardorffoverstreetorum
JF730200 H deardorffoverstreetorum
JF730203 H deardorffoverstreetorum

PP 6.2
‘|_‘7PP 8.1
PP 6.1

JF730201 H deardorffoverstreetorum
PP 4.1
PP 22
PP 2.1
PP 1.1
- JF730199 H deardorffoverstreetorum

KP670310 H aduncum

90/78
99/100| KP670309 H aduncum
99/97] KP670311 H aduncum

JQ520159 H longilabrum

HF680323 H rigidum
| 99.'95'— HF680324 H rigidum
HF680322 H rigidum

KT749421 H amoyense

KP252133 H amoyense

99/98 | KT749422 H amoyense

JX028281 H zhoushanensis

51/98|, JX028280 H zhoushanensis
L JX028278 H zhoushanensis

98/95

60/55] 65/80

—— KF601901 H tetrapteri

AY821737 P decipiens

705

Fig. 11. Hysterothylacium sp. ITS-1 phylogenetic tree. Neighbor-Joining tree inferred
from Hysterothylacium sp. ITS-1 region sequences from this study (PP) and GenBank
sequences (accession numbers are shown). Numbers at nodes are bootstrap values
higher than 50%. Regular numbers correspond to neighbor-joining K2P plus gamma
distribution support values and numbers in italics correspond to ML K2P plus gamma
distribution support values. Pseudoterranova decipiens is the outgroup. The tree is

drawn to scale, with branch lengths measured as the number of substitutions per site.
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phylogenetic analysis 2 subclusters are observed with high bootstrap values, suggesting

possible distinct species, but further studies are necessary to elucidate this result

JF730207 H deardorffoverstreetorum
F JF730206 H deardorffoverstreetorum
PP 10.1

JF730208 H deardorffoverstreetorum
{JF 730205 H deardorffoverstreetorum
- JF730212 H deardorffoverstreetorum
92/66 - JF730209 H deardorffoverstreetorum
r PP 8.1

PP 6.1

99/60
99@{ PP 7.1
PP 7.2

JF730213 H deardorffoverstreetorum

100/100| eei62|[— PP 1.1
PP 9.1

[ JF730210 H deardorffoverstreetorum

—— JF730214 H deardorffoverstreetorum

69/61 100/96

{ PP 52
JF730211 H deardorffoverstreetorum
AF179916 H reliquens

67/63 % KC862609 H fabr
AF179915 H pelagicum
56/62| JQ934891 H aduncum
100/99
U— JQ934893 H aduncum
| 10934892 H aduncum
AF179914 H fortalezae
DQ116429 Anisakis berlandi

7402

Fig. 12. mtDNA Hysterothylacium sp. cox2 phylogenetic tree. NJ tree inferred from
Hysterothylacium sp. mtDNA cox2 gene sequences from this study (PP) and GenBank
sequences (accession numbers are shown). Numbers at nodes are bootstrap values
higher than 50%. Regular numbers correspond to NJ K2P plus gamma distribution
support values and numbers in italics correspond to ML TN93 plus gamma distribution
support values. Anisakis berlandi is the outgroup. The tree is drawn to scale, with

branch lengths measured as the number of substitutions per site.
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4. Discussion and conclusion

The morphology and morphometry of the of Anisakis sp. Lz in the present study
were in accordance with the specimens reported by Felizardo et al. (2009a) which were
collected on P. isosceles, also from State of Rio de Janeiro, Brazilian coast. Some slight
differences observed in the length and width of the worms of P. patagonicus and X.
rasile can be attributed to intraspecific ranges. However, the genetic analysis clearly
demonstrated that the specimens belongs to Anisakis typica. A. typica occurs in warmer
temperate and tropical waters, infecting Delphinidae, Phocoenidae, Pontoporidae and
hardly Kogiidae. In spite of new anisakid species have been recently identified in the
coast off Brazil (Di Azevedo et al., 2014, 2015), A. typica is still the most reported in
the country by both morphological and molecular diagnosis (D’Amelio et al., 2000;
Borges et al., 2012; Ifiiguez et al., 2009, 2011; Mattiucci et al., 2002; Motta et al., 2008;
Pantoja et al., 2015; Valentini et al., 2006). Because the larvae could only be confirmed
based on molecular markers, in Brazil the species have been confirmed in the
intermediate/paratenic hosts Thunnus thynnus (Linnaeus, 1758), Auxis thazard
(Lacepéde, 1800) and Trichiurus lepturus Linnaeus, 1758 (Mattiucci et al., 2002;
Ifiiguez et al., 2009; Borges et al., 2012). Since is also the most generalist regarding the
definitive host (Ifiiguez et al., 2011), together with the fish cited above, P. isosceles
could be consider as a dietary item of a variety of cetaceans reported.

The Terranova sp. larvae specimens collected in the present study were in
accordance with the morphology and morphometry of the specimens collected on the
State of Rio de Janeiro, Brazil, by Felizardo et al. (2009a).

The morphology and morphometry of the Contracaecum sp. larvae collected in the
present study were in accordance with those ones described by Petter and Maillard
(1988) from fish caught in the Mediterranean, and by Timi et al. (2001) and Felizardo et
al. (2009a) in South American marine waters.

The H. deardorffoverstreetorum larvae found in the present study were in
accordance with the species described by Knoff et al. (2012). In the present study, H.
deadorffoverstreetorum genetic identification was based on two differences markers.
While ITS was categorical in discriminating the specimens as H.
deadorffoverstreetorum in a monophyletic clade, mtDNA cox2 phylogeny placed the

specimens in H. deadorffoverstreetorum subclusters. In the H. deadorffoverstreetorum
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description, Knoff et al. (2012) affirmed that cox2 phylogeny showed some intraspecific
genetic heterogeneity. However, ITS phylogeny and also, in silico cox2 protein have
demonstrated a unique evolutionary taxon (Knoff et al., 2012; Pantoja et al., 2015), as
well as in the present study. The fact is that the current cox2 phylogeny results in P.
patagonicus, and others (Borges et al., 2012; Pantoja et al., 2015), provided new
sequence data that emphasize a high intraspecific genetic heterogeneity, suggesting
possible distinct lineages of H. deadorffoverstreetorum. Therefore, further studies are
necessary to elucidate this taxonomic problem.

The morphology and morphometry of the specimens of Raphidascaris sp. recorded
in the present study were in agreement with those ones reported by Timi et al. (2001)
and Felizardo et al. (2009a).

The presence of larval stages of nematodes indicates the potential of these fishes
species as intermediate hosts in life cycles of parasites trophically transmitted in the
marine environment (Klimpel and Palm, 2011; Knoff et al., 2013). Thus, the present
study corroborates this statement, since only larval stages of the helminths were
recovered from fishes in this study.

In Brazil, there is only one reported case with human anisakidosis. It was diagnosed
by means of gastrointestinal endoscopy, which showed the presence of nematode larvae
and, thus, injuries caused by them (Cruz et al., 2010). The nematode species was
identified as Anisakis-like; and this case, therefore, suggests that further diagnosis ought
to have included accurate species identification for avoiding doubts as suggested by
Knoff et al. (2013). Otherwise, the anisakid larvae have been recovered from marine
and freshwater fish and anisakid adults from marine mammals in Brazil (Fontenelle et
al., 2013, 2015; Knoff et al., 2013), together with the finding of alive anisakid larvae in
the musculature of teleosteans (Knoff et al., 2007; Padovani et al., 2005; Saad and
Luque, 2009), because of that, it was expected more reported cases of human
anisakidosis, but it maybe related with the low consumption of raw fish dishes by the
Brazilian population (Melo et al., 2015).

The same fish species of the present study were analysed by Alarcos and Timi
(2012) in Argentina, and they reported Contracaecum sp. and Hysterothylacium sp.
Comparing with our results, Contracaecum sp. occurred with higher parasitary indices
in P. patagonicus, with prevalence (P) of 39.22% and mean abundance (MA) of 0.61;
and lower indices in X. rasile, with P = 12.77% and MA = 0.21; and Hysterothylacium
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sp. occurred with lower parasitary indices in P. patagonicus, with P = 27.45% and MA
=0.49, and in X. rasile, with P =33.33% and MA = 0.69. Alarcos and Timi (2012) also
studied the P. isosceles species, which presented higher parasitary indices for
Contracaecum sp., with P = 50.98% and MA = 1.37, and lower parasitary indices for
Hysterothylacium sp., with P = 37.25% and MA = 0.63. Contracaecum sp. and
Hysterothylacium sp. were infecting only the mesentery in all hosts. The present study
showed differences for the same hosts; these species of nematodes larvae were present
in other sites of infection, Contracaecum sp. was present in abdominal musculature,
stomach, intestine, and abdominal cavity in P. patagonicus; and it was present in
stomach, intestine, and abdominal cavity in X. rasile; Hysterothylacium was present in
stomach, intestine, liver, stomach serosa, abdominal cavity, and abdominal musculature
in P. patagonicus; and it was present in stomach, intestine, liver, abdominal cavity, and
abdominal musculature in X. rasile. The P. patagonicus and X. rasile species are new
recorded hosts for Terranova sp., H. deardorffoverstreetorum, and Raphidascaris sp.

In Brazil, Felizardo et al. (2009a), studying another species of Paralichtys, P.
isosceles, reported Terranova sp., Hysterothylacium sp., and Raphidascaris sp.
Parasitary indices were the most recorded, slightly lower than the record in the present
study, with the exception of Hysterothylacium sp., which presented the same
prevalence, but with lower mean abundance (P = 5% and MA = 0.07, P = 3.3% and MA
= 0.03, P = 100% and MA = 30.3, P = 36.7% and MA = 1.18, respectively).
Contracaecum sp. was infecting only the intestine; and, in the present study, it was
parasitizing beyond other infection sites, i.e., abdominal musculature, stomach, and
abdominal cavity in P. patagonicus, and stomach and abdominal cavity in X. rasile.
Felizardo et al. (2009a) found also Terranova sp., Hysterothylacium sp. and
Raphidascaris sp. on the same infection sites as the present study, and on the other sites
as stomach mucosa by Terranova sp., heart, kidney, liver, ovary, and spleen seroses,
mesentery, ovary, stomach mucosa by Hysterothylacium sp., and stomach serosa by
Raphidascaris sp.

Although the same host species collected by Alarcos and Timi (2012) in Argentina,
has been studied in the present paper, differences among the parasitary indices of
Contracaecum sp. and Hysterothylacium sp. were observed; they were collected on host
from both countries; moreover, three more nematode larvae species were collected in

this study. Comparing this study with Felizardo et al. (2009a), they found different
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flounder species, P. isosceles, in Brazilian coast, presented the same five nematode
larvae species, with similar parasitary indices. Possibly, these differences observed
between the reports of Argentinian coast and report of this study, and the similarities
between the both reports of Brazilian coast, must be related to the ecoregions
influences, because, in both cases they are occurring on the same biogeographic realms,
Temperate South America, but they are from different ecoregions, Uruguay-Buenos
Aires Shelf and South Eastern Brazil, respectively (Spalding et al., 2007).

Alarcos et al. (2016) studied comparatively the parasite’s assemblage structure of P.
isosceles collected from Niterdi and Cabo Frio, coast of State of Rio de Janeiro, and
waters off Necochea, Argentina, with the one studied by Alarcos and Timi (2012); they
initially considered Niterdi and Necochea as belonging to the same marine Argentinian
Province, or Warm Temperate Southwestern Atlantic, based on Menni et al. (2010) and
Spalding et al. (2007); they tested the Cabo Frio samples as belonging to Brazilian
Province, or Tropical Southwestern Atlantic, and have expected a higher similarity
among samples caught within the same biogeographical provinces as a consequence of
this hierarquical biogegraphical scheme. However, they observed that flounders
collected from Niteroi were more similar to those ones from Cabo Frio than to
Necochea’s fish. They observed that some zoogeographic studies consider the region of
Rio de Janeiro within the Brazilian Province, extending its southern limit with the
Argentinian Province to Santa Catarina, in accordance with Floeter et al. (2008) and
Briggs and Bowen (2012). Alarcos et al. (2016) found parasite’s assemblage of different
structure in Necochea, when compared to Niterdi and Cabo Frio; they found parasite’s
ssemblage with similar structure in these last two localities. According to Spalding et al.
(2007), Necochea belongs to a different marine ecoregion, Uruguay-Buenos Aires
Shelf. Indeed, this difference is reflected on the parasite species found in P. isosceles,
collected on the coast of Rio de Janeiro by Felizardo et al. (2009a), and also by this
study; this fact reinforces that the fish collected in Rio de Janeiro, Niter6i, and Cabo
Frio, belong to the same marine ecoregion, South Eastern Brazil (Spalding et al. 2007),
so, the same biogeographic province (Floeter et al., 2008; Briggs and Bowen, 2012).

Adding to the comments of Luque et al. (1995) about other Brazilian fish, the larvae
presence in this study on paralichthyids fish, shows the intermediate trophic level of
these fish in the marine food chain, and suggests also to act as intermediate host,

because just fish under larvae stage were found.
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The presence of anisakid larvae in the musculature is particularly relevant, because
they present risk for human consumption. Considering the high number of anisakidosis
cases around the world, more research is needed, in addition to constant sanitary
education for consumers, aiming towards giving preference to the fish consumption that
was previously frozen or properly cooked (D’amico et al., 2014; Knoff et al., 2007,
2013).

Moreover, there is possibility larvae migration from other sites of infection to the
host’s musculature. This migration can occur both in live fish and in dead fish after they
have been caught, especially during long storage periods on boats and in warehouses.
Therefore, it has been recommended that fish should be gutted on board the boat, so as
to minimize the migration of these larvae. Thus, it is extremely important that sanitary
surveillance professionals and other works within the fish supply chain, from catch to
consumption, should be aware of fish parasitic diseases and about prophylaxis forms
with implementation of sanitary education programs at all levels (Dias et al., 2010,
2011; Knoff et al., 2013).
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Integrative taxonomy of acanthocephalans parasitizing flounders Paralichthys isosceles,
P. patagonicus and Xystreurys rasile (Pisces: Teleostei) from the South Eastern Brazil

marine ecoregion
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Abstract Flounders (Pleuronectiformes, Paralichthyidae) are fish of commercial and
economical importance. From October 2006 to July 2012, 120 specimens of flounders were
collected from the coast of Rio de Janeiro State, Brazil, 60 Paralichthys isosceles, 30 P.
patagonicus and 30 Xystreurys rasile. Fish were measured, necropsied, filleted and further
had their organs investigated. Paralichthys isosceles and P. patagonicus were parasitized with
acanthocephalan juveniles of Serrasentis sagittifer, Bolbosoma turbinella, Corynosoma
australe and C. cetaceum. Xystreurys rasile was parasitized with C. australe. Parasitary
indices of prevalence, intensity, mean intensity, abundance, mean abundance, range of
infection, and infection site of each parasite species were evaluated. The taxonomic
identification was based on morphological, morphometric, and molecular data. Genetic
characterization confirmed the species identification of Bolbosoma and Corynosoma
specimens, as demonstrated by phylogenetic analysis using both ITS and coxl molecular
targets. The study of integrative taxonomy is the report in Brazil with new hosts records of S.
sagittifer and B. turbinella in the flounders P. patagonicus and X. rasile.
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Introduction

Thorny-headed worms or acanthocephalans are endoparasitic helminthes with about 1,150
described species (Amin 1987; Verweyen et al., 2011). Acanthocephalans have been found in
marine and freshwater fish worldwide, causing various pathological conditions

In previous helminthological survey of flounders off the coast of State of Rio de Janeiro,
Brazil, taxonomic and parasitological studies were published: Felizardo et al. (2009 a, b) and
Knoff et al. (2012) on nematodes, Felizardo et al. (2010) and Fonseca et al. (2012) on
cestodes, and Felizardo et al. (2011) on didymozoids.

Roberts and Janovy Jr (2000) reported that acanthocephalan infections in humans are
scarce because of the nature of intermediate and paratenic hosts involved in their life cycles.
Human acanthocephaliasis acquired by ingesting raw fish were reported with specimens of
Acanthocephalus rauschi Golvan, 1969 and Corynosoma strumosum (Rudolphi, 1802) Liihe,
1904, both in Alaskan Eskimos (Golvan, 1969; Schmidt, 1971). Furthermore, Bolbosoma
specimens were recorded parasitizing humans in Japan (Tada et al., 1983). Some pathologic
effect and symptomatology of the human acanthocephaliasis have been reported, such as
weakness, dizziness, acute abdominal colics and perfuration of the intestine. Asymptomatic
cases have also been reported (Beaver et al., 1983; Tada et al., 1983; Acha and Szyfres,
2003).
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Garcia-Varela et al. (2013) affirmed that the taxonomic characterization of
acanthocephalans based only on morphology lead to an unstable classification system. A
wider taxonomic selection of samples is crucial to understanding the phylogenetic
relationships among genera and species and consequently, to clearly define the association
with their intermediate and definitive in an ecological context. However, there is a poor
representation particularly of marine taxa, with only a single specimen by species in many
genera. Therefore, phylogenetic relationships within Acanthocephala are far from being well
stablished (Garcia-Varela et al., 2013; Verweyen et al., 2011).

The present paper adds new taxonomic data on morphological, parasitary indices and
genetic analysis from four acanthocephalan species parasitizing flounders from the coast of

Rio de Janeiro, Brazil.

Materials and methods

From 120 specimens of flounders captured off the coast from four municipalities of State
of Rio de Janeiro, Brazil, 124 juveniles acanthocephalan were recovered: 37 from
Paralichthys isosceles Jordan, 1890 (n = 60), measuring 25.0-39.5 cm (33.8 cm) in length and
weighing 164-680 g (420.4 g), collected during the period of October 2006 to March 2008
from the municipality of Angra dos Reis; 81 from P. patagonicus Jordan, 1889 (n = 30),
measuring 28.5-59 cm (40.8 cm) by 280-2530 g (820.4 g), collected from February 2007 to
July 2012; and six from Xystreurys rasile (Jordan, 1891) (n =30), measuring 11.5-31 cm (24.3
cm) by 20-240 g (158.5 g), collected from September to December 2010, both from
municipalities of Niter6i, Cabo Frio and Rio de Janeiro. Fish species were identified in
accordance with Carvalho-Filho (1999) and Figueiredo and Menezes (2000).
Acanthocephalans were collected, fixed in A.F.A., clarified with Beechwood-creosote, stained
with carmim or Delafield hematoxyline and preserved in ethanol 70° GL according to Eiras et
al. (2006). The taxonomic identification was in accordance to Meyer (1932), Golvan (1959,
1969), Yamaguti (1963), Travassos (1966), Petrochenko (1971a, b), Salgado-Maldonado
(1978), Amin (1985, 1987), Figueroa and Puga (1990), Measures (1992), Pereira Jr and Neves
(1993), and Sardella et al. (2005). Morphometric analysis was conducted using a bright field
microscopy with an Olympus BX 41. Measurements are in millimetres, range are followed by
means in parentheses. Whole mounted samples were photographed using an Axiophot Zeiss
with micrographic system, and drawings were made with the aid of a drawing tube. Part of the

specimens were processed by scanning electron microscopy (SEM), samples were fixed in
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70% ethanol, dehydrated in an ethanol series (100°GL), dried in COz2 criticalpoint, coated in
gold, and examined and photographed using a scanning electron microscope JEOL SM-25 Sl
and Zeiss 962, under an acceleration voltage of 15 kvolts.

Since all acanthocephalans were fixed in AFA, and preserved in ethanol 70° GL, for a
period varying from 6-8 years, specimens reserved for genetic analysis were rinsed in a 0.65%
NaCl solution, observed under stereomicroscope for morphological identification and
preserved at -20°C until DNA extraction procedure. Serrasentis sp. (n=3), Bolbosoma sp.
(n=20), and Corynosoma sp. (n=8) were submitted to genetic analysis. Samples were ground
with liquid nitrogen, and DNA extraction was conducted using QlAamp® DNA Mini Kit
(QIAGEN, Hilden, Germany), as described (lfiiguez et al., 2011, 2012). PCR reactions
targeting the complete nuclear internal transcribed spacer region (ITS), and the cytocrome ¢
oxidase subunit | (coxl) gene were performed. ITS PCR primers and conditions, for
amplification of ~800bp, were as described in Zhu et al. (1999) and Knoff et al. (2012),
respectively. The cox1l PCR reactions were performed targeting a 655bp fragment using the
primers LCO1490 (5- GGTCAACAAATCATAAAGATATTGG-3) and HCO2198 (5'-
TAAACTTCAGGGT GACCAAAAAATCA-3') (Folmer et al.,, 1994). Reactions were
performed on 50ul using 10mM Tris—HCI (pH 8.0) 50mM KCI, 1.5mM MgCI2, 0.2mM of
each dNTP, 400 ng of each primer, 1.5U Platinum Taqg polymerase (Invitrogen), and 50 ng of
genomic DNA. The PCR reactions were subjected to an initial cycle of 3min at 96 °C,
followed by 35 cycles at 96 °C for Imin, 56 °C for lmin, and 72 °C for Imin in a
programmable thermal controller (PTC100 60v, MJ Research, Inc). PCR products were
analyzed by electrophoresis in agarose gels 1.2% for ITS and 1.8% for cox1, and then
visualized under UV light, after ethidium bromide staining.

Amplicons were directly sequenced using Big Dye Terminator v 3.1 Cycle Sequencing
Ready Reaction kit (Applied Biosystems) in a 3100 Automated DNA Sequencer as
recommended by the suppliers. Sequencing analysis was performed using the global Basic
Local Alignment Search Tool search (National Center for Biotechnology Information
database) and BioEdit v7.0.4.1 (Department of Microbiology, North Carolina State
University, USA) (Hall, 1999). Brazilian acanthocephalans sequences were compared with all
acanthocephalan sequences available on GenBank for both targets. ITS datasets were
constructed with all reference sequences available on Genbank (12/2015) from Bolbosoma,
Corynosoma and Polymorphus genera. The cox1 dataset contained all available sequences on
Genbank (12/2015) from Bolbosoma, Corynosoma, Hexaglandula and Leptorhynchoides
genera. Phylogenetic and molecular evolutionary analyses were conducted using MEGA
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version 6 (Tamura et al., 2013). Phylogenetic trees were constructed using the Neighbor-
Joining (NJ) method, Kimura-2-Parameters (K2P) model, following the barcoding CBOL
protocol (http://www.barcodeoflife.org/content/resources/standardsand- guidelines). Pairwise
deletion parameter was applied with 1000 bootstrap replicates. Maximum likelihood (ML)
trees were constructed using the best-fitting model of DNA substitution, using the Bayesian
information criterion. The parasitary therms were used according to Bush et al. (1997).

For parasitary indices, the abridgments are: P = prevalence, | = intensity, Ml = mean
intensty, A = abundance, MA = mean abundance and RI = range of infection. Collected
voucher specimens were deposited in the Cole¢do Helmintoldgica do Instituto Oswaldo Cruz
(CHIOC), FIOCRUZ, Rio de Janeiro, RJ, Brazil.

Results

Echinorhynchida Southwell & MacFie, 1925

Rhadinorhynchidae Travassos, 1923

Serrasentinae Petrochenko, 1956

Serrasentis Van Cleave, 1923

Serrasentis sagittifer (Linton, 1889) Van Cleave, 1923

(Figs. 1a-d, 2a-b, 3a-b)

Description

Based on 45 juveniles collected of P. isosceles and P. patagonicus: body elongated and
cylindrical. Anterior extremity with hooks forming combs arranged on the ventral and lateral
region, longitudinally curved U-shaped. Proboscis claviform, armed with a 22-24 longitudinal
hook rows at total, each one with 16-17 hooks. Neck short and conical, nacked. Proboscis
hooks thicker in ventral than dorsal parts, decreasing in size from the apex to the base.
Proboscis receptacle with a thick double wall. A pair of leminisci extremely long, which
extend to 2/4 of the trunk. Small sensory papilla, on each side of the proboscis, between
longitudinal rows of hooks baseline. Trunk elongated, with 24-28 longitudinal rows of 8-9
spines on anterior extremity; followed by transversal rows of combs of spines, 18-20 in males
and 18-22 females, on ventral surface, in a region occupying 2/4 of the trunk extension. Male
genital apparatus: two ovoid testes in tandem, four tubular cement glands, and receptacle of
cement linked at a Saefftigen’s pouch elongated, seminal vesicle pyriform, and cirrus spiny
inside of a bursa copulatrix. Female genital apparatus: ovarium balls primordium, uterine bell,

uterus and a muscular vagina divided in funnel, sphincter, and bulb.


http://www.barcodeoflife.org/content/resources/standardsand-
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Fig. 1 Juveniles of Serrasentis sagittifer in Paralichthys isosceles. a Female, total, lateral
view. b Detail of vagina, ventral view. ¢ Hooks of proboscis and sensory papilla. d Male,
posterior portion, lateral view. Abreviatures: at = anterior testis, bc = bursa copulatrix, ¢ =
cirrus, cg = cement glands, fc = first comb, | = leminisci, Ic = last comb, n = neck, p =
proboscis, pr = proboscis receptacle, pt = posterior testis, rc = receptacle cement, sp =
sensory papilla, Sp = Saefftigen’s pouch, sv = seminal vesicle, ts = trunk spines, u =
uterus, v = vagina, vb = vagina bulb, vf = vagina funnel, vs = vagina sphincther. Bars a

andd=0.4mm, b=0.1 mm,and c=0.2 mm
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Fig. 2 Juvenile of Serrasentis sagittifer in Paralichthys patagonicus. a Male, total, lateral

view. b Detail of proboscis and neck. Bars a and b = 0.4 mm

S A S S

Fig. 3 Juveniles of Serrasentis sagittifer in Paralichthys isosceles, SEM. a Proboscis, neck

and anterior trunk spines. b Detail of trunk combs. Bars a = 200 um and b = 100 pum
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Measurements of juveniles, males and females, collected of P. isosceles and P. patagonicus

are showed in Table 1

Table 1 Measurements of juveniles of Serrasentis sagittifer, males and females, collected from

Paralichthys isosceles and P. patagonicus

P. isosceles P. patagonicus
S. sagittifer Males (n=4) Females (n=4) Males (n=7) Females (n=4)
Body length 3.8-7.9 (6.5) 6.24-7.46 (6.85) 4.77-7.52 (5.92) 4.35-9.2 (6.76)

Trunk length

Trunk width

Proboscis length
Proboscis width

Basal hooks length
Basal hooks width
Subapical hooks length
Subapical hooks width
Apical hooks length
Apical hooks width
Neck length

Neck width

Proboscis receptacle length
Proboscis receptacle width
Trunk spines length
Trunk spines width
Leminisci length
Anterior testis length
Anterior testis width
Posterior testis length
Posterior testis width
Cement glands

Uterine bell length
Uterine bell width
Uterus length

Vagina length

3.12-7.05 (5.70)
0.25-0.72 (0.54)
0,67-0.97 (0.81)
0.20-0.27 (0.22)
0.037-0.050 (0.041)
0.007-0.010 (0.008)
0.055-0.072 (0.063)
0.017-0.020 (0.018)
0.062-0.087 (0.076)
0.017-0.027 (0.021)
0.20-0.37 (0.30)
0.20-0.32 (0.25)
1.10-1.80 (1.38)
0.22-0.32 (0.28)
0.035-0.067 (0.054)
0.017-0.030 (0.024)
2.50-3.20 (2.90)
0.10-0.25 (0.16)
0.05-0.12 (0.08)
0.10-0.21 (0.15)
0.05-0.10 (0.07)
0.15-0.25 (0.19)

6.0-7.0 (6.50)
0.50-0.66 (0.58)
1.10-1.12 (1.11)
0.30-0.45 (0.37)

0.045-0.055 (0.050)
0.007-0.010 (0.008)
0.067-0.095 (0.078)
0.015-0.025 (0.020)
0.090-0.100 (0.095)
0.015-0.030 (0.022)
0.24-0.46 (0.35)
0.25-0.48 (0.36)
1.52-1.74 (1.63)
0.36-0.40 (0.38)
0.31-0.55 (0.43)
0.027-0.030 (0.029)
3.20-4.25 (3.90)

0.12-0.16 (0.14)
0.03-0.04 (0.035)
0.46-0.52 (0.48)
0.18-0.20 (0.19)

3.94-6.67 (4.98)
0.52-0.57 (0.55)
0.52-0.95 (0.72)
0.27-0.40 (0.31)

0.042-0.052 (0.049)

0.010-0.012 (0.011)

0.072-0.080 (0.075)

0.012-0.027 (0.016)

0.072-0.080 (0.076)

0.016-0.027 (0.020)
0.30-0.35 (0.32)
0.22-0.37 (0.30)
1.55-1.77 (1.65)
0.35-0.37 (0.36)

0.057-0.062 (0.059)

0.027-0.037 (0.031)
2.25-2.82 (2.50)
0.10-0.14 (0.12)
0.08-0.11 (0.09)
0.09-0.13 (0.10)
0.07-0.11 (0.09)
0.10-0.20 (0.15)

3.05-8.17 (5.53)
0.40-0.65 (0.52)
0.75-1.02 (0.92)
0.22-0.40 (0.32)
0.045-0.055 (0.050)
0.007-0.010 (0.008)
0.067-0.095 (0.077)
0.015-0.025 (0.020)
0.080-0.097 (0.086)
0.015-0.030 (0.021)
0.24-0.46 (0.33)
0.27-0.35 (0.32)
1.13-1.93 (1.57)
0.18-0.47 (0.27)
0.052-0.062 (0.059)
0.012-0.037 (0.022)
1.92-2.97 (2.07)

0.06-0.12 (0.09)
0.035-0.070 (0.052)
0.40-0.62 (0.50)
0.13-0.18 (0.15)

Measurements in millimetres and means in parentheses
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Taxonomic summary:

Hosts: Paralichthys isosceles (Pi) and P. patagonicus (Pp).

Parasitary indices: P = 11.7%, Ml = 1.4, MA = 0.17 Rl = 1-4 (Pi); P = 26.7%, Ml = 4.4, MA
=1.17, Rl = 1-11 (Pp).

Infection sites: intestine (Pi); stomach and intestine (Pp).

Collected specimens: 10 (Pi); 35 (Pp).

Deposited specimens: CHIOC 37828, 37829, 37830, 37831(Pi); CHIOC 38079a,b, 38080,
38081a-c, 38082, 38083 (Pp).

Polymorphida Petrochenko, 1956

Polymorphidae Meyer, 1931

Corynosomatinae Petrochenko, 1964

Bolbosoma Porta, 1908

Bolbosoma turbinella (Diesing, 1851)

(Figs. 4a-d, 5, 6)

Description

Based on 26 juvenile acanthocephalans collected from P. isosceles and P. patagonicus: Body
elongated, anterior region dilated and proboscis cylindrical, armed with 20-22 longitudinal
rows with 7-8 hooks. Neck short with greater width at the posterior end without hooks. Bulb
flatened with trunk spines covering about half of proboscis receptacle, with 38-40 longitudinal
rows with 21-22 hooks, extending dorsally and ventrally. Spines smaller close at the neck
base. A pair of leminisci with similar length, slightly convoluted, variable in length. Male
genital apparatus: testes ovoid, in line. Four cement glands tubular, followed by Saefftigen’s
pouch elongated, seminal vesicle ovoid, and bursa copulatrix. Female genital apparatus:
ovarian balls primordium, uterine bell elongated, uterus straight, and a muscular vagina
divided in funnel, sphincter, and bulb.

Measurements of juveniles of B. turbinella, males and females, collected from P. isosceles

and P. patagonicus are showed in Table 2.

Taxonomic summary:

Hosts: Paralichthys isosceles (Pi) and P. patagonicus (Pp).

Parasitary indices: P = 13.3 %, MI = 2.0, MA = 0.27, Rl = 1-4 (Pi); P = 13.3 %, MI = 2.5,
MA = 0.33, Rl = 1-4 (Pp).

Infection sites: stomach and intestine (Pi); intestine (Pp).
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Fig. 4 Juveniles of Bolbosoma turbinella in Paralichthys isosceles. a Female, total, lateral
view. b Detail of vagina, ventral view. ¢ Hooks of proboscis. d Male, posterior portion,
lateral view. Abreviatures: at = anterior testis, bc = bursa copulatrix, ¢ = cirrus, cg =
cement glands, | = leminisci, n = neck, ob = ovarian balls primordium, p = proboscis, pr =
proboscis receptacle, pt = posterior testis, Sp = Saefftigen’s pouch, sv = seminal vesicle, ts
= trunk spines, u = uterus, ub = uterine bell, v = vagina, vb = vagina bulb, vf = vagina

funnel, vs = vagina sphincter. Barsa =0.8 mm, b and d = 0.4 mm, and ¢ = 0.2 mm
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Fig. 5 Juvenile of female of Bolbosoma turbinella in Paralichthys patagonicus. Detail of
vagina, ventral view. Abreviatures: vb = vagina bulb, vf = vagina funnel, vs = vagina

sphincter. Bar = 0.1 mm

Fig. 6 Juvenile of Bolbosoma turbinella in Paralichthys isosceles, SEM. Proboscis, neck and
trunk spines. Bar = 200 um



Collected specimens: 16 (Pi); 10 (Pp).
Deposited specimens: CHIOC 37832, 37833, 37834, 37835 (Pi); CHIOC 38084, 37988,

37989, 37990 (Pp).

Table 2 Measurements of juveniles of Bolbosoma turbinella, males and females, collected from

Paralichthys isosceles and P. patagonicus

P. isosceles P. patagonicus
B. turbinella Males (n=4) Females (n=4) Females (n=4)
Body length 6.45-8.05 (7.05) 7.05-11.62 (8.49) 6.25-11.00 (8.56)

Trunk length

Trunk width

Proboscis length
Proboscis width

Basal hooks length
Basal hooks width
Subapical hooks length
Subapical hooks width
Apical hooks length
Apical hooks width
Neck length

Neck width

Proboscis receptacle length
Proboscis receptacle width
Trunk spines length
Trunk spines width
Leminisci length
Anterior testis length
Anterior testis width
Posterior testis length
Posterior testis width
Uterine bell length
Uterine bell width
Uterus length

Vagina length

4.62-6.07 (5.16)
0.25-0.70 (0.59)
0.53-0.61 (0.58)
0.21-0.27 (0.23)
0.025-0.035 (0.030)
0.010-0.012 (0.011)
0.072-0.080 (0.075)
0.017-0.022 (0.019)
0.075-0.082 (0.079)
0.012-0.015 (0.013)
0.15-0.19 (0.17)
0.28-040 (0.34)
0.92-1.50 (1.11)
0.29-0.37 (0.33)
0.037-0.052 (0.044)
0.022-0.030 (0.027)
3.75-5.10 (4.24)
0.120-0.135 (0.124)
0.050-0.095 (0.072)
0.090-0.145 (0.117)
0.060-0.095 (0.073)

5.35-9.00 (6.51)
0.47-0.85 (0.65)
0.42-0.80 (0.60)
0.26-0.47 (0.33)
0.022-0.027 (0.024)
0.007-0.012 (0.010)
0.070-0.080 (0.073)
0.017-0.025 (0.021)
0.070-0.092 (0.081)
0.012-0.017 (0.015)
0.14-0.25 (0.18)
0.30-0.53 (0.40)
0.78-1.76 (1.18)
0.21-0.43 (0.33)
0.037-0.047 (0.041)
0.015-0.032 (0.025)
3.87-7.12 (5.04)

0.20-0.42 (0.33)
0.08-0.14 (0.12)
0.65-1.24 (0.92)
0.36-0.41 (0.38)

4.72-8.72 (6.65)
0.72-0.95 (0.85)
0.40-0.75 (0.55)
0.26-0.28 (0.27)
0.020-0.030 (0.025)
0.007-0.010 (0.009)
0.067-0.082 (0.075)
0.010-0.022 (0.016)
0.062-0.092 (0.078)
0.010-0.015 (0.013)
0.18-0.26 (0.21)
0.42-0.55 (0.49)
0.59-1.54 (1.16)
0.41-0.48 (0.43)
0.040-0.050 (0.044)
0.015-0.027 (0.022)
2.55-7.0 (4.41)

0.36-0.47 (0.39)
0.10-0.13 (0.12)
0.62-1.00 (0.83)
0.30-0.43 (0.36)

Measurements in millimetres and means in parentheses
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Corynosoma Lihe, 1904

Corynosoma australe Johnston, 1937

(Figs. 7a-d, 8a-c)

Description

Based on 34 juveniles collected from P. isosceles, P. patagonicus and X. rasile: Body
pyriform, anterior region dilated and proboscis cylindrical. Proboscis wider at the posterior
end, armed with 18 longitudinal rows with 12-14 hooks; 9-11 anterior hooks, with well
developed roots posteriorly directed, and 3 small basal hooks with small roots anteriorly
directed. Neck short with greater width at the posterior end without hooks. Anterior portion of
trunk swollen and flattened in form of a bulb. Proboscis receptacle with double-walled.
Tegumental spines covering bulb at dorsal foretrunk length, extending by ventral region to
posterior end. A pair of leminisci moderatelly short, lobe-like, reaching Y2 proboscis
receptacle. In some female specimens, genital and tegumental spines are contiguous in ventral
region but clearly distinguishable. Genital opening surrounded by triangular genital spines
larger than tegumental spines. Male genital apparatus: testes rounded, contiguous. Six cement
glands claviform, followed by Saefftigen’s pouch elongated, seminal vesicle elongated, and
bursa copulatrix. Female genital apparatus: ovarian balls primordium, uterine bell elongated,
uterus straight, and a muscular vagina divided in funnel, sphincter, and bulb. Male genital
spines show a distinctive radial pattern of distribution, with 14 spines each side around bursa
copulatrix opening, and one more central spine called “c”, at dorsal surface. The female
genital spines shifted to ventral side and are smaller than those ones of males.

Measurements of juveniles of C. australe, males and females, collected from P. isosceles, P.

patagonicus and X. rasile are showed in Table 3.

Taxonomic summary:

Hosts: Paralichthys isosceles (Pi), P. patagonicus (Pp) and X. rasile (Xr).

Parasitary indices: P = 5%, MI = 3.3, MA = 0.17, Rl = 1-5 (Pi); P = 16.7 %, MI = 3.6, MA =
0.6, RI =1-7 (Pp); P =10 %, Ml =2, MA = 0.2, Rl = 1-4 (Xr).

Infection sites: stomach and intestine (Pi); intestine (Pp, Xr).

Collected specimens: 10 (Pi); 18 (Pp); 6 (Xr).

Deposited specimens: CHIOC 37836b (Pi); CHIOC 37172, 37837, 37964, 38048a-b, 38049a-
b, 38050a-c (Pp); 38055, 38056 (Xr).
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Fig. 7 Juveniles of Corynosoma australe in Paralichthys patagonicus. a Female, total, lateral
view. b Detail of proboscis of a female. ¢ Female, posterior end, lateral view. d Male,

posterior end, ventral view. Barsa=1mm, b =0.25mm, ¢c=0.2 mm, andd =0.1 mm
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Fig. 8 Juvenile of Corynosoma australe in Paralichthys patagonicus, SEM. a Male, total,
latero dorsal view. b Detail of proboscis of a male, latero dorsal view. ¢ Male, posterior
portion, detail of genital spines, showing a distinctive radial pattern of distribution, latero

dorsal view. Bars a = 200 um, b =100 um, ¢ =40 pm
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Table 3 Measurements of juveniles of Corynosoma australe, males and females, collected from
Paralichthys isosceles, P. patagonicus and Xystreurys rasile

P. isosceles P. patagonicus X. rasile
C. australe Males (n=1) Males (n=4) Females (n=7) Males (n=2)
Body length 2.90 1.77-2.42 (2.15) 2.82-3.6 (2.98) 2.07-3.32 (2.70)
Trunk length 2.20 1.42-1.57 (1.51) 1.7-2.6 (2.05) 1.45-2.70 (2.07)
Trunk width 0.92 0.54-0.6 (0.56) 0.68-1.36 (1.01) 0.55-0.85 (0.70)
Proboscis length 0.63 0.34-0.47 (0.42) 0.04-0.90 (0.62) 0.56-0.76 (0.66)
Proboscis width 0.19 0.14-0.17 (0.15) 0.17-0.38 (0.27) 0.10-0.37 (0.23)

Basal hooks length
Basal hooks width
Subapical hooks length
Subapical hooks width
Apical hooks length
Apical hooks width
Neck length

Neck width
Proboscis receptacle
length

Proboscis receptacle
width

Trunk spines length
Trunk spines width
Genital spine length
Genital spine width
Leminisci length
Leminisci width
Right testis length
Right testis width
Left testis length

Left testis width
Cement glands length
Cement glands width
Uterus length

Vagina length

0.017-0.027 (0.021)
0.005-0.010 (0.008)
0.045-0.055 (0.050)
0.010-0.015 (0.011)
0.045-0.050 (0.047)
0.007-0.012 (0.009)

0.24

0.33

0.91

0.18

0.040-0.045 (0.041)
0.017-0.022 (0.019)
0.042-0.045 (0.043)
0.017-0.022 (0.019)

0.70

0.24

0.13

0.085

0.11

0.010

0.12-0.16 (0.14)

0.025-0.030 (0.027)

0.015-0.027 (0.019)
0.007-0.010 (0.009)
0.042-0.050 (0.044)
0.010-0.015 (0.011)
0.040-0.050 (0.045)
0.007-0.010 (0.008)
0.12-0.16 (0.14)
0.20-0.26 (0.23)
0.62-0.75 (0.67)

0.12-0.17 (0.15)

0.032-0.045 (0.040)
0.012-0.017 (0.015)
0.042-0.045 (0.044)
0.015-0.022 (0.018)
0.49
0.26
0.07-0.10 (0.09)
0.055-0.085 (0.07)
0.065-0.095 (0.085)
0.045-0.060 (0.053)
0.09-0.12 (0.11)
0.025-0.030 (0.028)

0.025-0.040 (0.030)
0.005-0.01 (0.006)
0.045-0.075 (0.059)
0.01-0.012 (0.011)
0.045-0.080 (0.061)
0.007-0.01 (0.008)
0.16-0.29 (0.22)
0.27-0.61 (0.39)
0.64-1.24 (1.00)

0.21-0.30 (0.27)

0.025-0.045 (0.035)
0.010-0.022 (0.016)
0.025-0.047 (0.037)
0.012-0.040 (0.026)
0.31-0.70 (0.54)
0.21-0.28 (0.24)

0.17-0.30 (0.24)
0.19-0.28 (0.22)

0.015-0.022 (0.018)
0.005-0.007 (0.006)
0.040-0.070 (0.050)
0.010-0.012 (0.011)
0.047-0.072 (0.06)
0.010-0.012 (0.011)
0.11-0.13 (0.12)
0.24-0.33 (0.28)
0.67-1.07 (0.87)

0.23-0.26 (0.24)

0.035-0.055 (0.045)
0.007-0.025 (0.016)
0.035-0.045 (0.040)
0.015-0.025 (0.020)
0.43-0.53 (0.48)
0.26-0.32 (0.29)
0.04-0.13 (0.09)
0.100-0.105 (0.102)
0.11-0.14 (0.12)
0.110-0.130 (0.120)
0.12-0.15 (0.14)
0.025-0.035 (0.030)

Measurements in milimetres and means in parentheses
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Corynosoma cetaceum Johnston & Best, 1942

(Fig. 9a-d)

Description

Based on 19 juveniles collected from P. isosceles and P. patagonicus: Body pyriform,
anterior region dilated and proboscis cylindrical. Proboscis wider at the posterior end, armed
with 18-20 longitudinal rows with 15-16 hooks; 12-13 anterior hooks, with well developed
roots posteriorly directed, and 2-3 (usually 2) small basal hooks with small roots anteriorly
directed. Neck short with greater width at the posterior end without hooks. Anterior portion of
trunk swollen and flattened in form of a bulb. In females, the foretrunk and hindtrunk were
defined by a typical ventral fold. In males, this fold was more superficial and not always
discernible. Proboscis receptacle with double-walled. Tegumental spines covering bulb at
dorsal foretrunk length; in males, these spines extending by ventral region, covering trunk
length (60-75%); in females, they extending by ventral region, covering trunk length (97-
98%), and ventrally trunk exhibits 2 transverse folds, devoid of spines, delimiting blunt lobe
between foretrunk and hindtrunk. A pair of leminisci moderatelly short, lobe-like, reaching Y2
proboscis receptacle. Genital spines absent in both sexes, less frequently males present a
unique genital spine, clearly distinguishable. Male genital apparatus: testes rounded,
contiguous. Six cement glands claviform, followed by Saefftigen’s pouch elongated, seminal
vesicle elongated, and bursa copulatrix. Female genital apparatus: ovarian balls primordium,
uterine bell elongated, uterus straight, and a muscular vagina divided in funnel, sphincter, and
bulb.

Measurements of juveniles of C. cetaceum, males and females, collected from P. isosceles

and P. patagonicus are showed in Table 4.

Taxonomic summary:

Hosts: Paralichthys isosceles (Pi) and P. patagonicus (Pp).

Parasitary indices: P = 1.7%, 1 =1, A=0.017 (Pi); P = 26.7 %, Ml = 2.25, MA = 0.6, Rl = 1-
6 (Pp).

Infection sites: intestine (Pi and Pp).

Collected specimens: 1 (Pi); 18 (Pp).

Deposited specimens: CHIOC 37836a (Pi); CHIOC 38051, 38052a-f, 38053, 38054 (Pp).
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Fig. 9 Juveniles of Corynosoma cetaceum in Paralichthys patagonicus. a Male, total, lateral
view. b Proboscis, neck and trunk spines, lateral view. ¢ Female, posterior end, lateral
view. The brackets indicate the two ventral trunk folds that are devoid of spines, lateral
view. d Male, posterior end, arrow indicate the genital spine, lateral view. Bars a = 1 mm,

b=05mm,c=0.4mm,andd=0.1 mm
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Table 4 Measurements of juveniles of Corynosoma cetaceum, males and females, collected

from Paralichthys isosceles and P. patagonicus

P. isosceles P. patagonicus
C. cetaceum Female (n=1) Males (n=7) Females (n=5)
Body length 3.53 2.93-5.24 (4.19) 2.43-3.34 (3.07)
Trunk length 2.7 2.55-3.82 (3.24) 2.25-2.45 (2.36)
Trunk width 0.97 1.00-1.58 (1.25) 0.76-1.05 (0.91)
Proboscis length 0.77 0.72-1.07 (0.83) 0.54-0.92 (0.81)
Proboscis width 0.26 0.24-0.36 (0.29) 0.27-0.34 (0.29)

Basal hooks length
Basal hooks width
Subapical hooks length
Subapical hooks width
Apical hooks length
Apical hooks width
Neck length

Neck width

Proboscis receptacle length
Proboscis receptacle width
Trunk spines length
Trunk spines width
Leminisci length
Leminisci width

Right testis length
Right testis width

Left testis length

Left testis length
Cement glands length
Cement glands width
Copulatrix bursa length
Copulatrix bursa width
Uterus length

Vagina length

0.030-0.040 (0.035)
0.007-0.010 (0.008)
0.072-0.090 (0.079)
0.015-0.020 (0.017)
0.075-0.087 (0.082)
0.012-0.015 (0.013)

0.23

0.51

1.13

0.38
0.042-0.050 (0.045)
0.037-0.040 (0.040)

0.54
0.28

0.030-0.040 (0.036)
0.007-0.012 (0.009)
0.065-0.085 (0.075)
0.015-0.020 (0.017)
0.065-0.082 (0.074)
0.012-0.015 (0.013)
0.17-0.33 (0.22)
0.35-0.55 (0.44)
1.00-1.37 (0.001)
0.23-0.40 (0.33)
0.050-0.057 (0.052)
0.015-0.037 (0.024)
0.40-0.84 (0.62)
0.22-0.48 (0.31)
0.12-0.18 (0.15)
0.06-0.12 (0.08)
0.10-0.17 (0.13)
0.09-0.12 (0.10)
0.21-0.33 (0.28)
0.04-0.06 (0.05)
0.36-1.03 (0.56)
0.18-0.42 (0.28)

0.027-0.042 (0.034)
0.005-0.010 (0.008)
0.072-0.087 (0.082)
0.012-0.022 (0.017)
0.080-0.090 (0.085)
0.010-0.017 (0.013)
0.15-0.23 (0.17)
0.29-0.64 (0.41)
1.13-1.30 (1.18)
0.32-0.42 (0.36)
0.040-0.052 (0.045)
0.027-0.042 (0.036)
0.32-0.54 (0.50)
0.28-0.44 (0.35)

0.45-0.58 (0.51)
0.24-0.30 (0.26)

Measurements in milimetres; means in parentheses
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The 124 juvenile acanthocephalans were belonging to four species, S. sagittifer (Ss), B.
turbinella (Bt), C. australe (Ca) and C. cetaceum (Cc), of Palaeacanthocephala Meyer, 1931,
37 specimens were collected of 16 P. isosceles parasitized by 4 species, presenting 1 multiple
infection with 3 species (Ss, Bt, Ca), 4 multiple infections with 2 species, being 3 with Ss, Bt
and 1 with Ca, Cc, and 11 with unique infections, 6 with Ss, 4 with Bt and 1 with Ca; 81
specimens were collected of 13 P. patagonicus parasitized by 4 species, presenting 2 multiple
infections with 3 species (Ss, Ca, Cc; Ss, Bt, Cc), 2 multiple infections with 2 species (Ss, Ca)
and 3 multiple infections with 2 species (Ss, Bt; Bt, Cc; Ca, Cc) and 3 unique infections, being
2 with Cc and 1 with Ss; and 6 specimens were collected of 3 X. rasile parasitized by a unique
species (Ca).

Among 31 worms submitted to genetic analysis, 4/20 Bolbosoma sp. and 1/8 Corynosoma
sp. yielding DNA sequences. No DNA sequence was obtained from Serrasentis sp. worms.
Three specimens of Bolbosoma sp. and one from Corynosoma sp. were positive to ITS
regions and 2 Bolbosoma sp. and one Corynosoma sp. for cox1 gene.

A ITS dataset (843bp) was constructed with all reference sequences available on Genbank
(12/2015) from Bolbosoma, Corynosoma and Polymorphus genera, including samples HE14,
HE23, and HE25 (ITS dataset I). Due to the low quality of HE38, ITS dataset was shortened
(574pb) and named Dataset Il. The coxl dataset contained all sequences available on
Genbank (12/2015) from Bolbosoma, Corynosoma, Hexaglandula and Leptorhynchoides
genera, and samples HE25, HE38 and HE43. Maximum likelihood (ML) trees were
constructed using the Tamura 3-parameter model (TN92) with the gamma distribution (+G)
for ITS dataset I; K2P+G for ITS dataset Il; and Hasegawa-Kishino-Yano model (HKY) plus
gamma distribution and invariable sites (+G+l) for cox1 dataset, as it was determined to be
the best-fitting model of DNA substitution using the Bayesian information criterion.
Nucleotide sequences were deposited in GenBank with the accession numbers KU314817-
KU314823.

Regarding ITS dataset I, phylogenetic trees based on NJ K2P and ML TN92+G (Fig. 10a)
confirmed Bolbosoma sp. identification. The three specimens grouped with the only two ITS
sequences available of Bolbosoma species, B. capitatum e B. nipponicum with high bootstrap
values of 98% and 99%, for NJ and ML analysis, respectively. Regarding ITS Dataset Il
(NJK2P and MLK2P), one specimen (HE38) of Corynosoma sp. (Fig. 10b), was including in
genus-specific cluster (NJ = 73%, ML = 76%), closely related to C. australe and C. bullosum
subcluster (NJ = 88%, ML = 93%). Both Dataset | and Il and methods agreed in showing
Bolbosoma and Corynosoma genera as monophyletic, and closely related (NJ = 100%, ML =
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99/98%) and Polymorphus genus as polyphyletic. The exception is when ML analysis is

applied that C. cetaceum (AF286310) did not group within Corynosoma genus cluster and is

placed as outgroup, basal to the two genera Bolbosoma, and Corynosoma. In relation to cox1,

phylogenetic trees, based on NJ K2P and ML HKY+G+l, demonstrated the same topology

(Fig. 11). HE38 specimen grouped within Corynosoma sp. cluster with the higher support for

both NJ and ML analysis (bootstrap=100%). In the same way, the two Bolbosoma sp.

sequences from this study (HE25 and HE43) clustered together with maximum support
(bootstrap=100%), with all Bolbosoma cox1 sequences available (NJ = 94%, ML= 98%), and
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97} AF286313 C.strumosum
AF286312 C.hamanni
AY532065 C.magdaleni
"l AF286309 C.caspicum
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52 AF286307 C.australe
100l AF286308 C.bullosum
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AB706183 B nipponicum
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AY532067 Polymorphus minutus
— AY532066 Polymomhus altmani

00 EU139267 Polymorphus sp.
91 AF461421 Polymorphus sp. GPAPL-2002

0.1

AF286306 Polymorphus brevis

Fig. 10 ML phylogenetic trees inferred from ITS sequences from this study (HE14, HE23,

and HE25) and GenBank sequences (species and accession numbers are shown). a ITS

Dataset | applying TN92+G model.

(Continued...)
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(Continued..)
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Fig. 10 ML phylogenetic trees inferred from ITS sequences from this study (HE14, HE23,
and HE25) and GenBank sequences (species and accession numbers are shown). b ITS
Dataset 11 using K2P+G model. Numbers at nodes are support bootstrap values higher
than 50%. Regular numbers correspond to ML analysis, and italic numbers to NJ analysis
with K2P model.

robustly with B. turbinella with the higher bootstrap value (NJ/ML = 100%). The analysis
also revealed that a sequence deposited as Bolbosoma sp. MGV-2012 could be assigned to B.
caenoforme (bootstrap=100%). Additionally, two speciesspecific clades from Hexaglandula
corynosoma and Leptorhynchoides thecatus were produced with the higher bootstrap value
for both NJ and ML analysis (Fig. 11).
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Fig. 11 ML phylogenetic tree inferred from cox1 gene sequences from this study (HE 25,
HE38 and HE43) and GenBank sequences. Numbers at nodes are the support bootstrap
values higher than 50%. Regular numbers correspond to ML analysis with HKY model

and G+I parameters, and italic numbers to NJ analysis with K2P model

Discussion and conclusion

Adults, juveniles and cysthacanths of the 4 acanthocephalan species found in this study,
have been found in marine mammals and fish worldwide. Serrasentis sagittifer in fish from

Mexican and United States of America Atlantic coasts, Western Africa, Brazil, Australia,
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Arabian and Persian Gulfs, Red Sea, and Indian Ocean (Yamaguti 1963; Travassos 1966;
Golvan 1969; Petrochenko 1971a; Salgado-Maldonado 1978; Jansen and Burreson 1990;
Amin and Sey 1996; Kardousha 2005; Maghami et al. 2008; Rucket et al. 2009; Verweyen et
al. 2011; Abdel-Ghaffar et al. 2014). Bolbosom turbinella in cetaceans from Atlantic and
Pacific oceans, Arctic and Antarctic waters, and in fish from Chilean, Argentinean and
Brazilian coasts (Baylis 1929, 1932; Meyer 1932; Klumov 1963; Machado Filho 1964;
Petrochenko 1971b; Galkina 1972; George- Nascimento and Arancibai 1992; Measures 1992,
1993; Dailey and Vogelbein 1991; Silva and Cousin 2006; Alarcos et al. 2016). Corynosoma
australe and C. cetaceum in mammals and fish from Pacific and Atlantic oceans (Golvan
1959; Yamaguti 1963; Petrochenko 1971b; Schimidt and Dailey 1971; Brownell Jr 1975;
Kagei et al. 1976; Zdzitowiecki 1984; Smales 1986; Shostak et al. 1986; Figueroa and Puga
1990; Torres et al. 1992; Aznar et al. 1994a, b, 1999a, b, 2001, 2002a, b, 2006, 2015;
Corcuera et al. 1995; Oliva et al. 1996, 2008; Andrade et al. 1997; Dans et al. 1999; Knoff et
al. 2001; Aznar et al. 2004, 2006, 2012; Braicovich et al. 2005; Sardella et al. 2005; Tantalean
et al. 2005; Beron-Vera et al. 2007, 2008; Santos et al. 2008; Alarcos and Timi 2012;
Hernandez-Orts et al. 2013; Alarcos et al. 2016).

The species S. sagittifer identified in the present study resembled morphologically those
previously recorded as immature and adult specimens from various teleost species reported in
the world (Yamaguti 1963; Travassos 1966; Golvan 1969; Petrochenko 1971a; Salgado-
Maldonado 1978; Abdel-Ghaffar et al. 2014). They resemble to the cystacanth specimen
measurements collected from Red Sea and Arabian Gulf fish, but our specimens presented
body lengths lightly smaller (Al-Zubaidy and Mhaisen, 2012; Kardousha, 2005). Emphasizing
the comments of Al-Zubaidy and Mhaisen (2012), the difference in size can be assigned to the
developmental stage of the helminth and some other minor differences in the number and
length of structures due to intraspecific variation, taking in account that in the present study
they are juveniles.

In the Brazilian coast, specimens of Serrasentis sp. (cystacanths) have been reported on
teleost hosts. All of them were deposited in the CHIOC (Luque et al. 1995, 19964, b, 2003,
Takemoto et al. 1996; Alves et al. 2005; Santos et al. 2008; Paschoal et al., 2015). After
analyses of the deposited specimens of hosts, Haemulon steindachneri (Jordan and Gilbert,
1882) (333254, b, 33326, 33327), Orthopristis ruber (Cuvier, 1830) (33328), Paralonchurus
brasiliensis (Steindachner, 1875) (35102), Balistes capriscus Gmelin, 1789 (36484),
Anisotremus surinamensis (Bloch, 1791) (37940), A. virginicus (L., 1758) (37941) and
Conodon nobilis (L., 1758) (37942, 37943) it was possible to identify them as S. sagittifer.
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The unique report of adult specimens was made by Travassos (1966) (CHIOC 29128) from R.
canadus.

The juvenile specimens of B. turbinella collected in the present study were according to
the previous morphological descriptions of adults collected from cetaceans, mainly by the
proboscis hooks and the trunk spine distributions (Porta 1908; Machado Filho 1964;
Petrochenko 1971b; Measures 1992). Morphometrically, comparing the specimens structures
of present study with adult specimens of B. turbinella collected of Balaenoptera borealis
from Brazil by Machado Filho (1964) deposited in CHIOC (29781-29831), specimens
presented smaller lengths, and the difference in size that could be related to the developmental
stage of the helminth.

Some cystacanth specimens deposited on the CHIOC, nominated as Corynosoma sp.,
collected of Brazilian chondrostean and teleostean fish [Squatina sp. (34282), Squalus
megalops (Macleay, 1881) (34284a-b), Galeorhinus galeus (Linnaeus, 1758) (34285, 34286,
34287a-b), Scomber japonicus Houttuyn, 1782 (36247), Prionotus punctatus (Bloch, 1793)
(36521), Euthynnus alleteratus (Rafinesque, 1810) (36534), and Sarda sarda (Bloch, 1793)
(36548)] reported by Knoff et al. (2001), Alves et al. (2003), Alves and Luque (2006), and
Bicudo et al. (2005) had reevaluated their morphological characters and it was possible
identify them as B. turbinella.

The morphological and morphometrical characters of C. australe specimens collected in
the present study are according to the previous descriptions reported to the cysthacanths in
Brazilian and Argentinean fish hosts (Pereira Jr and Neves 1993; Knoff et al. 2001; Sardella
et al. 2005; Aznar et al. 2015), and resembled morphologically with adults of the original
description (Johnston, 1937; Petrochenko, 1971b). According to Sardella et al. (2005) the
male genital opening was surrounded by 3 irregular rows of 18 - 34 triangular spines, and in
the present study the male specimens showed a pattern of distribution of 29 spines around
genital opening (Fig. 8c). the cystacanth specimens nominated as Corynosoma sp., deposited
on the CHIOC reported by Alves et al. (2003), Bicudo et al. (2005), Alves and Luque (2006),
collected in Brazilian teleostean fish [S. japonicas (36247), P. punctatus (36521), E.
alleteratus (36534), and S. sarda (36548)] had reevaluated the morphological characters and
they were identified as C. australe.

In present study, the C. cetaceum specimens presented morphological and morphometric
characters according to the original and others previous descriptions (Johnston and Best 1942;
Petrochenko 1971b; Figueroa and Puga 1990; Aznar et al. 1999a, b, 2002a, b, 2015; Sardella
et al. 2005).
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In Argentina, Alarcos and Timi (2012) also reported juvenile acanthocephalans in the
same hosts of the present study, but only C. australe and C. cetaceum species were reported.
Comparing with our results, C. australe occurred with higher parasitary indices in P.
patagonicus, with prevalence (P) = 94.12% and mean abundance (MA) = 6.35; in P. isosceles
with P = 92.16% and MA = 14.69 and in X. rasile with P = 89.58% and MA = 9.23. The
species C. cetaceum occurred in P. patagonicus with higher parasitary indices (P = 74.51%
and MA = 2.55), and in X. rasile (P = 2.08% e MA = 0.04), differently from the present study
which occurred only in P. isosceles and P. patagonicus. Furthermore, Alarcos et al. (2016)
reported P. isosceles parasitized by C. australe and B. turbinella juveniles from Cabo Frio
municipality, and B. turbinella from Niter6i municipality, Rio de Janeiro, Brazil. Contrasting
with the present work, they found only two acanthocephalan species, C. australe with similar
parasitary indices (P = 7.9% and MA = 0.1), and B. turbinella from Cabo Frio with slightly
higher indices (P = 36.8% and MA = 0.5) and from Niterdi, with slightly higher indices (P =
25% and MA = 0.6). In the present study, P. isosceles presented more two acanthocephalan
species, S. sagittifer and C. cetaceum.

Concerning the genetic analysis, we can state that efficiency in the DNA recovery was
low, since from 31 worms submitted to DNA extraction 4/20 Bolbosoma sp. and 1/8
Corynosoma sp. yielding DNA sequences. This is due to fixatives solutions as formalin and
alcohols that affect considerably the DNA preservation as showed before (Srinivasan et al.,
2002; Ifiguez et al., 2011). However, it was possible to confirm the morphological
identification of Bolbosoma sp. and Corynosoma sp. specimens using the two molecular
targets. Because only two ITS Bolbosoma sp. sequences are available, neither of them belong
to B. turbinella, the phylogenetic analysis validated the genus but not the species
identification of specimens. In contrast, cox1 analysis confirmed B. turbinella identification of
specimens from this study, complementing the morphological species identification. The
molecular target coxl, the universal barcode for species recognition, has been shown an
excellent species marker for acanthocephalans (Garcia- Varela et al., 2008; 2009; 2013). The
present study confirmed this cox1 efficiency as observed on B. caenoforme descrimination
from a non-identified Genbank sequence (JX442190), the clearly species definition of H.
corynosoma and L. thecatus and also the demonstration of paraphyly of Polymorphus genus.
Opposite to B. turbinella genetic identification, cox1 phylogeny placed the Corynosoma sp.
specimen, morphologically classified as C. australe into the genus cluster, being the ITS trees
more informative, displayed it closely related to C. australe, but also to C. bullosum. A richer
DNA dataset is needed to conduct a more conclusive analysis. This, together with the use of
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fixed specimens, are the main problems of the molecular taxonomy of helminths. It is
necessary to encourage the generation of more curated DNA data, generated in collaboration
with classical taxonomists, validated by publications or from specimens available in
institutional biological collections.

Although we studied the same host species collected by Alarcos & Timi (2012), from the
same biogeographic realms (Temperate South America) and province (Warm Temperate
Southweastern Atlantic), they are from different ecoregions, i.e., South Eastern Brazil
ecoregion in this study and Uruguay-Buenos Aires Shelf ecoregion from Alarcos & Timi
collect (2012). According to Spalding et al. (2007), the species composition is likely to be
determined by the predominance of a small number of ecosystems and/or a distinct suite of
oceanographic or topographic features. The dominant biogeographic forcing agents defining
the ecoregions vary from location to location but may include isolation, upwelling, nutrient
inputs, freshwater influx, temperate regimes, ice regimes, exposure, sediments, currents, and
bathymetric or coastal complexity, and that these ecoregions differences can be influencing
these fish parasite communities of both regions. This can be observed in Alarcos and Timi
(2012) and Alarcos et al. (2016) where they not collected the same number of species and
presented some differences on parasitary indices for the same hosts when compared with our
results, as mentioned above.

Adding to the comments of Luque et al. (1995) in others Brazilian fish, the presence of
cysthacanths, and in the present study, juveniles, on paralichthyids, reveals the intermediate
trophic level of these fishes in the marine food web, and also suggests to act as paratenic host,
since it was only found as juvenile stage. The present study is the first integrative taxonomic
analysis of acanthocephalans from Brazil, providing novel morphological and molecular data,
and new hosts records (P. isosceles and P. patagonicus for S. sagittifer, and P. patagonicus

for B. turbinella), contributing for a better comprehension of this taxonomic group.
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4 CONSIDERACOES FINAIS

Este é o primeiro registro de A. simplex, Hysterothylacium sp. e Raphidascaris
sp. parasitando espécimes de L. gastrophysus e de Anisakis typica,
Hysterothylacium deardorffoverstreetorum e Raphidascaris sp. parasitando o0s
linguados Paralichthys patagonicus e Xystreurys rasile.

No estudo dos nematoides do peixe sapo-pescador e dos linguados, a
identificacdo foi baseada nos caracteres morfologicos e morfométricos, e a analise
genética foi usada para as larvas Lz das espécies Anisakis typica e Hysterothylacium
deardorffoverstreetorum dos nematoides dos linguados. A caracterizagcdo genética
confirmou a identificacdo dos espécimes de Anisakis e Hysterothylacium, utilizando
os alvos moleculares ITS e cox2.

O presente estudo € a primeira analise taxondémica integrada dos
acantocefalos parasitos de P. isosceles, P. patagonicus e X. rasile no Brasil,
fornecendo novos dados morfolégicos e moleculares e novos registros de
hospedeiros, contribuindo para a melhor compreensao desse grupo taxonémico.

Foi apresentado um padréo de distribuicdo radial dos espinhos das caudas
dos machos de Corynosoma australe.

Na andlise genética, arvore de ITS dos espécimes de Corynosoma sp.
mostrou que os espécimes estdo relacionados com C. australe mas também com C.
bollosum, e a andlise do coxl confirmou a identificacdo dos espécimes de B.
turbinella deste estudo, complementando a identificacdo morfolégica da espécie.
Além disso, as espécies P. patagonicus e X. rasile sdo novos registros de
hospedeiros para as espécies S. sagittifer e B. turbinella.

Os estudos dos helmintos das comunidades parasitarias de P. isosceles, P.
patagonicus e de X. rasile apresentaram resultados semelhantes, fato que era
esperado, uma vez que todos os hospedeiros pertencem a mesma ecoregiao
marinha.

A presencga de estagios larvares de nematoides e juvenis de acantocefalos
indicam o potencial destes peixes como um hospedeiro intermediario no ciclo de
vida de parasitos transmitidos troficamente no ambiente marinho.

A presenca de parasitos em peixes comercializados para consumo humano é

muito comum e pode oferecer riscos a saude. Considerando o elevado numero de
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casos de anisaquidoses em todo o mundo, mais pesquisas sao necessarias para um
melhor conhecimento a cerca da biologia desses helmintos.

Assim, é extremamente importante que os profissionais de vigilancia sanitaria
e outros setores dentro da cadeia de abastecimento de peixes, desde a captura até
0 consumo, devam estar cientes de doencas parasitarias de peixes, e formas de
profilaxia, com a implementacdo de programas de educacdo sanitaria em todos 0s

niveis.
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6 APENDICE

Durante o periodo do doutorado foi realizada uma revisdo das espécies de
Diphyllobothrium que ocorrem na Ameérica do Sul (Diphyllobothrium latum, D.
pacificum, D. dendriticum) onde foram apresentados a posi¢cdo sistematica atual, a
determinacao morfolégica de ovos, larvas e formas adultas das espécies que ja vem
sendo identificadas, os estudos sobre a sua biologia, a importancia em saude
publica, as suas implicacdes na epidemiologia e o conhecimento atual sobre a
diagnose molecular de algumas espécies.
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CAPITULO 7

Zoonose: Difilobotriase

Marcelo Knoff & Michelle Cristie Goncalves da Fonseca

* Resumo

Foi realizada uma revisao das espécies de Diphyllobothrium que ocorrem na
América do Sul (Diphyllobothrium latum, D. pacificum, D. dendriticum), onde
sdo apresentados a posigio sistemdtica atual, a determinagio morfolégica de
ovos, larvas e formas adultas das espécies que ja vém sendo identificadas, os seus
‘hospedeiros intermedidrios (peixes teledsteos), os estudos sobre sua biologia,
| a importancia em satde publica, as suas implicagées na epidemiologia e o
‘conhecimento atual sobre a diagnose molecular de algumas espécies.

v

F Abstract

; Zoonosis: Diphyllobothriasis: A review of species of the genus Diphyllobthrium
‘that occur in South America (Diphyllobothrium latum, D. pacificum,
‘D. dendriticum) is presented, covering their current systematic position,
- morphological determination of eggs, larvae and adult forms of species that have
dready been identified, their intermediate hosts (teleost fish), their biology, public
;',‘bea/t/ﬂ importance, their epidemiological implications, and the current knowledge

thout the molecular diagnosis of some species.

Introdugao ‘
@

ides da ordem Diphyllobothriidea, familia Diphyllobothriidae,
L e R iphyllobothrium Cobbold,

principalmente as espécies pertencentes a0 genero Di
a ito i ] 1bli is causam a zoonose
1858, sio muito importantes em sadde publica, pois

conhecida como difilobotriase.
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Zoonose: Difilobotriase

| No. F%CIO de vida deste parasito, estio envolvidos dois hospedeiroa’:
intermedidrios, onde o primeiro hospedeiro em todas as espécies ests |
representado por espécies de crustdceos, o segundo hospedeiro estd representado
por um peixe teledsteo e o hospedeiro definitivo ¢ representado por aves e
mamiferos piscivoros e, inclusive, o homem (TORRES, 1982; RAHKONEN |
et al., 1996; ACHA & SZYFRES, 2003; ROBERTS & JANOVY JR., 2005), |
A difilobotriase é muito frequente nos paises asidticos, oriente médio, |
norte e leste europeu, norte da América do Norte ¢ América do Sul (ACHA &
SZYFRES, 2003). No continente sul americano ocorre com mais intensidade :
no Peru e no Chile (SEMENAS & UBEDA, 1997; SEMENAS et 4L, 2001). -
As espécies de Diphyllobothrium mais registradas na América do Sul sio D, |
latum (Linnaeus, 1758), D. dendyriticum (Nitzsch, 1824) e D. pacificum |
(Nybelin, 1931). :
No homem, a difilobotriase pode ser adquirida com o consumo de |
pescado cru, mal cozido, defumado, salgado, em conserva e resfriado, submetido
a congelamento insuficiente, que contenham as larvas de Diphyllobothrium |
(SEMENAS & UBEDA, 1997; PEREZ et al., 1999; SLIFKO et al., 2000; §
FERRE, 2001; FERNANDEZ, 2006; UMAR, 2009). -
A classificacdo das espécies de Diphyllobothrium, de origem marinha,
¢ confusa e as descricbes dos plerocercéides, onde eles existem, sio vagas |
(ANDERSEN, 1977; ANDERSEN et al.; 1987), necessitando de estudos
morfolégicos e morfométricos destas formas. Em muitos casos, somente §
podendo ser confirmados com a coleta de plerocercdides vivos e a realizacio §
de infeccoes experimentais em cées e gatos, para obtengao dos adultos, para |
comparagao das espécies (MAGATH, 1929; ANDERSEN & HALVORSEN,
1978: TORRES et al., 1981; DICK & POOLE, 1985; ANDERSEN et al, |
1987; YAMANE ez al., 1988; REVENGA & SEMENAS, 1991; RAUSCH 4
& ADAMS, 2000). Em adigdo, a diagnose molecular jd se apresenta como |
uma ferramenta de grande valia das amostras clinicas das espéciAes. de ]
Diphyllobothrium, podendo ser utilizada para determinar estdgios ontogénicos
dos parasitos, como os segmentos dos vermes adultos e seus ovos, l_)em como, ;
plerocercéides em peixes, para tragar as origens dos tipos de infec¢ao humana |

(SCHOLZ et al., 2009).
Posig¢ao Sistematica do Género Diphyllobothrium

A classificacio aqui utilizada estd de acordo com KUCHTA et al §
(2008) que suprimiram a ordem Pseudophyllidea e propuseram duas novas "
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gaordcns':.Botriocephalidea ¢ Diphyllobothriidea sendo, esta dltima, com
E‘efa familia Diphyllobothriidae Liihe, 1910 e o género  Diphyllobothrium
?E:Dados moleculares coletados dos trabalhos de BRABEC et al. (2006) é
¥ WAESCHENBACH et 4l (2007) forneceram evidéncias de que ambas as

| . . .

' ordens, previamente localizadas em Pseudophyllidea, seriam filogeneticamente
Bilisti

“distintas.

i-'chistros da ocorréncia de parasitos do genero Diphyllobothrium na

- América do Sul

Na América do Sul vdrias espécies de peixes teledsteos foram registradas
sendo parasitadas por cestdides Diphyllobothriidae (KNOFF er /., 2008).
- No Brasil, estes mesmos autores registraram larvas plerocercéides parasitando
\ Gemypterus brasiliensis, comercializados no estado do Rio de Janeiro. No
' momento, estao sendo realizados estudos com outros teleésteos marinhos
' no Laboratério de Helmintos Parasitos de Vertebrados do Instituto Oswaldo
| Cruz, FIOCRUZ, em conjunto com o Laboratério de Inspegio e Tecnologia
' de Alimentos, Faculdade de Veterindria da Universidade Federal Fluminense.

A difilobotriase humana ¢é conhecida por ocorrer amplamente no
' mundo inteiro. E, embora os ovos de D. pacificum ja tivessem sido registrados
‘em coprolitos de 2000 a 3000 anos (REINHARD & URBAN, 2003),
somente no século XX é que foram registrados os primeiros casos na América
"do Sul. O primeiro registro na América do Sul foi realizado na Argentina
por CORTELEZZI (1913). Desde entao, varios casos tém sido registrados
" neste continente (BAER ez 4l., 1967; TANTALEAN, 1975; FIGUEROA et
"4l, 1980; TORRES et 4l., 1980, 1981, 2007; TORRES, 1982; SEMENAS
& UBEDA, 1997; SAGUA et al, 2000, 2001; CABRERA et al., 2001;
| SEMENAS et al., 2001; CAVALCANTI et al., 2004; MENGHI et al., 2006;
' KNOFF et al., 2008).

‘ No Brasil, os primeiros casos de parasitose humana por Diphyllobothrium
'sp. foram relatados por COUTINHO (1957) e, posteriorment’e, por
"CASTILHO et al. (2001) que registraram o primeiro caso niao autdcrone.
SANTOS & FARO (2005), registraram primeiro caso autoctone. Qutros
egistros foram realizados por EDUARDO ez al., 2005a, b; S/\MI’AIQ et
4l, 2005; TAVARES et al., 2005; SANTOS & FARO, 2005; EMMEL et
4. 2006; CAPUANO et al., 2007; LACERDA et al., 2007; MEZZARI &(
WIEBBELLING (2008) ¢ LLAGUNO et al. (2008). Registros da ocorréncia
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de Diphyllobothrium sp. em outros mam fﬁffn R
Brasil (CARNEIRO ez al., 1972; CARVALHO & VAS(
SANTOS et al., 2004; VIEIRA et al., 2008).

Determinagio de espécies pertencentes aogénm» Diphyllobo

E sabido que existe uma grande dificuldade na identificagio
de Diphyllobothrium que parasitam peixes, devido a sua extrema varia
morfolégica (VIK, 1964; MEYER, 1966; ANDERSEN et 4l., 1987). Da
biolégicos, bem como espécimes inteiros, sio necessirios para identifica
Se apenas fragmentos do estrébilo forem avaliados, a identificacio torna-se
muito mais dificil (ANDERSEN ez 4l,, 1987). i

E observado, por determinagio das larvas plerocercéides, que estas
apresentam diferengas morfolégicas entre elas, que estio além do comprimento
total mdximo, devendo ser levado em consideracio a observagio do aspecto
morfolégico da superficie do tegumento, o comprimento das microtriquias,
a forma do escélex, o estado de invaginagio do escolex, o arranjo histolégico
dos feixes musculares e até mesmo o sitio de infeccio (ANDERSEN, 1977;
DICK & POOLE, 1985). '

A identificacdo das formas adultas deve ser baseada em virios caracteres
em conjunto: forma do escélex; comprimento do pescogo, morfologia externa
e interna das proglétes, como largura méxima do estrébilo, tipo de limite entre
os segmentos, forma do ovério, forma de enovelamento do itero, ndmero de
voltas do titero em proglétes gravidas completamente preenchidas de ovos,
posigio do étrio genital, morfologia do cirro, localizagao da bolsa do cirroe
vesicula seminal, localizacio da vagina e do poro uterino, convergéncia ou
nio dos foliculos vitelinicos e de testiculos na regido anterior a bolsa do cirre
(TORRES ez al., 1989; ANDERSEN er al., 1987; SEMENAS & UBEDA,
1997; CHUNG et 4l., 1997). :

O tamanho e a forma dos ovos das espécies pertencentes a0 gener
Diphyllobothrium variam consideravelmente entre as espécies. Urtilizar
tamanho dos ovos como critério Ginico para a delimitacio e deter
das espécies de Diphyllobothrium é considerado insuficiente e de pequeno ;
nulo valor taxonémico. Embora, podendo ser utilizado como um dos m i
critérios (ANDERSEN & HALVORSEN, 1978), a espécie de hospedeit
intensidade de infecgio e idade dos parasitos influenciam nas dimensoes do

ovos (TORRES, 1982).
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‘ Nas tabelas apresentadas (Tabelas 1, 2, 3) encontra-
¢ das caracteristicas descritas para as espécies pertencentes ao géner

Diphyllobothrium no continente Sul Americano, D. latum; D, paciﬁgcum(;
¢ D. dendriticum, onde nem sempre se percebe como um guia prdtico para
identificacio dos ovos e larvas, sendo mais aplicdvel as formas adultaspdas
| espécies mais registradas.

s€ um resumo

3 Tabela 1.

i Formato e presenca de estruturas dos ovos de Diphyllobothrium
r comumente registradas na América do Sul. C = comprimento; L
; = largura

. D. dendriticum D. pacificum D. latum

. Forma ovos Ovalado (THOMAS, Ovalados (CABRERA

p 1946) et al., 2001);

; Relativamente

assimétrico ou oval

5 (MAEJIMA et al.,

i 1981)

{ Corovos Ouro amarelo Pardacentos

; (MARKOWSKI, 1949); (COUTINHO ef
. Ambar (THOMAS, al., 1957)

i 1940)

. Opérculo Em uma das extremidades|Em uma das Em uma das

(MARKOWSKI, 1949;
MEYER & ROBINSON,
1963);

Com sutura opercular
rasa tendo uma elevagao
linear no centro da
“fenda” (YAMANE et al.,
1976);

Ligeiramente na tangente

(THOMAS, 1946)

extremidades
(STUNKARD, 1948;
BAER ez al. 1967;
CATTAN et al., 1977;
CABRERA et al.,
2001);

Relativamente
profundo, no qual uma
definida elevagao ¢é
vista (MAEJIMA et al.,
1981)

extremidades
(CHUNG et al.,
1997)

~ Nédulo abopercular

Na extremidade oposta
ao opéreulo (MEYER &
ROBINSON, 1963);
As vezes com

pequeno opérculo
(MARKOWSKI, 1949);

As vezes Incospicuo

(THOMAS, 1946)

Na extremidade oposta
ao opéreulo (BAER ez
al., 1967; CABRERA
et al., 2001)

Na extremidade
oposta ao opérculo
(CHUNG ez al.,
1997)

continua...

143












160

Latologia e Sanidade de Organismos Aqu

Bem desenvolvida,

Bem desenvolvida

: muscglatura incompleta parte anterior e
(ANDERSEN et al., pouco desenvolvida
1987) parte posterior
(ANDERSEN ez 4l
1987)

Formato e presenca das estruturas internas e externas das formas adultas
de Diphyllobothrium comumente registradas na América do Sul. C =
comprimento; L = largura

1,75-0,44 mm
(THOMAS, 1946)

] D. dendriticum D. pacificum D. latum

- Forma escélex Espatulado Oval (MARKOWSKI, |Espatulado
(ANDERSEN ez al.,, [1952); (ANDERSEN ez
1987); Oval ou com borda |4/, 1987);
Lanceolado ampla (vista lateral), [Clavado (vista
(FIGUEROA et al, |com trés bordas lateral, em
1980); foliadas (MAEJIMA et|espécimes relaxados)
Com ponta al., 1981); (Rausch &
arredondada em Lanceolado HILLIARD, 1970)
diregao anterior (CATTAN ez al.,
(vista lateral), 1977)
uniformemente
estreito (vista
botrial) (MEYER &
ROBINSON, 1963);
Digitado (THOMAS,

E 1946);

¢ Tamanho escélex (C  [0,7-1,7 mm (DICK |1,4 x 0,9 mm 31-34 x 8-13 mm

exL) & POOLE, 1985); |(MARKOWSKI, (CHUNG ez al.,

11-13 x 4-5 mm 1952); 1997);
(FIGUEROA et al, |3 x1 mm (BAER, 1,5-1,8 x 0,6-0,8
1980); 1967); mm (RAUSGH &
0,59-1,36 x 0,39-0,56{2,2-1,5 mm HILLIARD, 1970);
mm (MEYER & (CABRERA et al., 0,4 x 0,12 mm
ROBINSON, 1963); (2001); (TORRES ez al.,
1,2-2 mm x 5-6 mm |1,8-2,2 x 1,9 mm 1989)
(MARKOWSKI, (MAEJIMA et al.,
1949); 1981)

continua...
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Tamanho pescogo (C
x L)

et al., 1987),
0,35x0,10 mm
(TORRES et al.,
1989);

0,34-1,53 x 0,29-0,57
mm (MEYER &
ROBINSON, 1963);
2-4 mm x 39 mm
(MARKOWSKI,
1949);

1,09 x 0,7 mm
(THOMAS, 1946);
Tipo borda entre Sem borda distinta  |Craspedota
segmentos (DICK & POOLE, (MARKOWSKI
1985; Andersen et al., |1952; MAEJIMA et
1987) al., 1981; CABRERA |e 2
et al., 2001) S

Margem dos Concava Serrada (MAEJIMA er |Serrac
segmentos (MARKOWSKI, al., 1981)
1949) |
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continuagio
Posicao da vagina L

ovariano quando
curva ventralmente
para entrar oviduto
(MEYER &
ROBINSON, 1963);
Mediana, leve espiral,
irregular alterna
direita e esquerda do
poro uterino e oviduto

(THOMAS, 1946)

um estreito canal
(CATTAN et di,
1977)

Posigao testiculos

Campos laterias
(THOMAS, 1946;
MARKOUWSK]I,
1949; MEYER &
ROBINSON, 1963)

Campos laterias
complexo genital
(BAER, 1967;

)

CATTAN et al, 1977) |

165

(RAUSCH &
HILLI

q

RD, 1

Tamanho dos 87 x 131 pm 50 x 43 pm
testiculos (C x L) (THOMAS, 1946); |[(MARKOWSKI,
99-165 x 62-148 pm [1952); -
(MARKOWSKI, 60-100 x 30- 70 pm  |1,76-2,60 x 0,78-
1949); diimetro (MAEJIMA (1,43 um (RAUSCH
75 pm didmetro etal, 1981) & HILLIARD,
(MEYER & 1970)
ROBINSON, 1963);
17 pm comprimento
(FIGUEROA et al, .
1980) et
Niimero total de 264-318 (THOMAS, [500-650 (BAER e# 11200 (RAUSCH &
testiculos 1946); al,1967) HILLIARD, 19 ”‘
168-408
(MARKOWSKI,
1949)

I3







|genital anteriora

ina (MEYER &
ROBINSON, 1963);
Préximo do centro

aborda situado |
anterior ao (tero € ao

maduros e proximo B’

primeiro par dasalga |

Gterinas, p ks
extender-se até o btian
S Frnd el ‘ el n"ﬁg
envolvido nestas algas ANTRE
(MARKGW SK.I, Y sty
1949) -
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opéreulo estreito. O primeiro estagio larval (oncos
envelope ciliado formando um coracidio, o qual incuba n
(embrido hexacanto) mével nada e atrai o primeiro hosp
potencial, copépodes. O coracidio penetra a parede intestin
¢ se desenvolve em um procercéide, o qual carece de extremida
como o6rgios de fixagio (escélex), mas possui um apéndiéc. poste
cercomero que contém os seis ganchos embriondrios. Através da ingestio
copépodes infectados, o procercéide entra no tecido do segundo hdspe’ :
intermedidrio, peixes de dgua doce, anddromos e marinhos, e se desenvol
no estigio plerocercéide. Os plerocercéides se desenvolvem rapidamente
em adultos no hospedeiro definitivo (SCHOLZ et al., 2009), possuem

extremidade anterior érgaos de fixagio como bétrios e microtriquias no
tegumento, utilizados para diferenciagio das espécies por alguns autores

(ANDERSEN & GIBSON, 1989; KNOFF et 4l., 2008).

Epidemiologia e importincia em satide piblica

Nos peixes que atuam como hospedeiros intermedidrios, a difilobotriase
pode causar enfermidade e morte em condigbes naturais e de cultivo.
(RAHKONEN ez al., 1996). Do ponto de vista epidemiolégico, a presenca
de larvas na musculatura, figado e gonadas do pescado sao de particular
importancia, onde os plerocercéides das visceras podem migrar para 05,
musculos apés a morte do hospedeiro (SCHOLZ et al., 2009). Atualmente:
algumas larvas plerocercoides coletadas vivas tém sido observadas em nossas:
pesquisas e confirmando um grande poder de mobilidade.

A parasitose por Diphyllobothrium, na maioria dos casos, ¢ assintomitica,
porém, quando ocorrem as manifestacoes clinicas, esses sintomas podem:
variar de leve até quadros mais severos. Geralmente, esses sintomas consistem’
de fadiga; desconforto abdominal, diarréia; obstrugio intestinal, ﬂatulénci‘;
vomito, anorexia, fraqueza, perda de peso, dor de cabega, reagoes alérgicas e
anemia megalobldstica (RUTTENBER ez al., 1984; ACHA & SZYFR
2003; EDUARDO er al., 2005b; SCHOLZ et al., 2009).

A presenga de plerocecdides de Dip/)yllobot/?rium sp. em pescad
de Inspegio Sanitdria adotar normas ¢

tar a presenga ¢ estabelecer o contro!'
levando em consideragao que
3

enfatiza a importancia do Servigo
procedimentos especificos para detec
destes parasitos, devido a zoonose que causa,
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facilita o apareamentodcmfecgocszoo' Sticas mmﬂm
d, doaoaumentodccxpos:goaosfammdcmoo Portan ,ah:mdk £
phyllobothrium sp. nestes pescados oferecem risco 4 populagio, salientanc
m rtﬁnaa de se realizar estudos desta natureza. 4
- AOrganizagio Mundial de Satide - OMS (ACHA & SZYFRES, 2003)
Regulamcnto da Inspecio Industrial ¢ Sanitiria de Produtos de Origem
nimal — RIISPOA (BRASIL, 1997), informam que a difilobotriase pode ser
ida pela ndo ingestao da carne crua ou mal cozida do pescado (KNOFF
» 2008) ou pelo congelamento ou cozimento deste. Salientando que o
wzimento do pescado deve ser a 56°C por cinco minutos e o congelamento
feito a —10 °C por 48 horas ou —18 °C por 24 horas, para inativar os
plerocercéides (ACHA & SZYFRES, 2003).
f A United States Food and Drug Administration - FDA (2001)
recomenda que o congelamento seja abaixo de —20 °C por sete dias ou abaixo
de -35 °C por 15 horas. No Brasil, o Regulamento da Inspecio Industrial
¢ Sanitdria de Produtos de Origem Animal - RIISPOA, no capitulo VII,
DPescado derivado, Secao I, Pescado, Artigo 445, assinala que ¢ considerado
3.-.: nproprio para o consumo, o pescado: 1 - de aspecto repugnante...; 4 - que
mcnte infestagao muscular massiva por parasitos, que possam pre)udlcar ou
nio a saide do consumidor;...Pardgrafo tnico - o pescado nas condigées deste
artigo deve ser condenado e transformado em subprodutos nio comestiveis
RASIL, 1997). E essencial, portanto, que o peixe cru contendo parasitos
yidveis seja congelado e mantido neste estado por um periodo de tempo que
ssegure a inviabilidade destes plerocercéides.
Segundo CHOMEL (2008) o controle e a prevengao das zoonoses
itdrias sao tarefas complexas que requerem uma abordagem integrativa
Emultidisciplinar, onde a reducdo da carga parasitdria é certamente 0 maior
bjetivo, mas nio podendo ser implementado sozinho. Em conclusao,
do necessdrias mudancas educacionais e ambientais para o controle e a
wevenco dessa parasitose. Portanto, medidas educacionais preventivas ¢ de
onscientizacao da biologia dos vermes e epidemiologia da doenca devem ser
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veiculados i populagio em geral e estudantes de esco
médio e superior,

A

Sequenciamento molecular das espécies de Diphyllobot

Nos ltimos cinco anos a diagnose molecular tem sido muito
para a determinagio das formas adultas de espécies pertencentes ao
Diphyllobothrium, onde ji se conhece o sequenciamento mol
D. latum, D. dendriticum, D. pacificum, D. ninhonkaiense, devido
especificidade e a possibilidade de avaliagio de um grande ndmero de amostra
em pouco tempo, sendo especialmente necessdria para espécies dificeis d
identificar morfologicamente (BRABEC et al., 2006; YERA et al., 2006
MYADAGSUREN ez al., 2007; NAKAO et al., 2007; WAESCHENBACE
et al., 2007; SCHOLZ et al., 2009). Porém, ainda consiste de um métode
dispendioso, mas que deve ser adotado futuramente nas rotinas dos laboratérios
de andlises clinicas. '
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