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Abstract

Herein, we report the first observation of the metacercaria
Opisthorchis sp. Blanchard, 1895 recovered from a new
intermediate host Macrobrachium amazonicum (Heller, 1862),
an important food resource from northern Brazil, emphasising
the risk of contamination from inappropriate human
consumption. The shrimp specimens of M. amazonicum were
collected during June 2023, using a local trap called matapi in
the Guama River (01°27°54.2”S; 048°26’02.6”W), which
supplies the city of Belém, showing a characteristic of an
eutrophicated river. The collected specimens were sexed,
measured, weighted and dissected in the carapace region, to
observe the presence of parasites in gills, hepatopancreas and
gonads. We observed 56 specimens of M. amazonicum (20
males, 32 females and 4 ovigerous females), of which thirteen
individuals (23.21% of total sampled) showed encysted
metacercariae of Opisthorchis sp. only in gonadal tissues, with
high preference in females (66.6%), when compared with
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males (33.4%). The observation of metacercaria in Amazon
river prawn is a risk to human health, due to the parasite's life
cycle being completed in humans, leading to several health
problems such as hepatic and biliary degradation, diarrhoea,
vomiting and respiratory problems. Additionally, the
eutrophication process observed in the Guama River may
favour parasite proliferation, and dissemination to other hosts
and regions, possibly increasing the cases of people infected
with parasites in Belém metropolitan area. Based on that, this
work is an alert to the authorities for the risk of contamination
of the population due to inadequate consumption of (molluscs,
crustaceans and fishes) from the eutrophic waters of the
Guama River and adjacent waters.
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1 Introduction

correlated to abiotic (e.g. temperature, salinity,

pH and dissolved oxygen); and biotic factors (e.g
input of organic matter, photosynthesis (primary
production) and energy flow in food chain), with the
species playing a wide range of biological interactions
such as: symbiosis, mutualism, competition, predation,
commensalism and parasitism; this latter can be
associated with the health of the environment and
indications of environmental impacts (EMPARANZA et al.,
2011; GONGORA-GOMEZ et al., 2015).

The biodiversity in aquatic environments is

The transmission of diseases through the ingestion of
contaminated water or food is a public health problem in
underdeveloped and developing countries, including
transmission of parasites between aquatic animals and
humans (BELIZARIO et al., 2001; HOP et al., 2007;
PUMIDONMING et al., 2018).

The fish-borne trematodes (FBT) are one of the main
parasitic diseases transmitted between aquatic
organisms (molluscs and fishes) and birds, domestic
animals and humans (SITHITHAWORN; HASWELL-ELKINS,
2003; LOVIS et al., 2009; CHAI et al., 2017).

Currently in literature, the trematodes use snails as first
intermediate host (metacercaria stage), freshwater
fishes as second intermediate host; these are species
consumed by fish-eating birds and mammals (including
humans), which become definitive hosts (TOUCH et al.,
2009; DAO et al., 2017; PHYO MYINT et al., 2020).

Up to date, more than 20 million people are
contaminated with trematodes, especially in Asian and
Middle Eastern countries, where the degradation of
water bodies has been intensified in the last years,
causing an increase in the number of cases by the
consumption of raw fish and molluscs (PETNEY et al.,
2013; PHYO MYINT et al., 2020).

The trematode family Opisthorchiidae Looss, 1899 is
composed of 53 genera distributed worldwide, occurring
as obligate parasites in a wide range of hosts. One of the
most diverse genus into Opisthorchiidae is Opisthorchis
Blanchard, 1895, covering 47 species (CHAI, 2007; JEON
et al., 2012; NOUDEH; PAZOOKI, 2019; WORMS, 2023).

Its proliferation around the world is caused by the
inadequate human consumption of aquatic organisms;
the parasite can reach great distances inhabiting the
human intestines, additionally observed in migratory
birds, fishes and by the aquarium trade (LEMOS et al.,
2007).

In Brazil, the presence of these trematodes can be
associated with water quality, the tourism flows in
parallel with the lack of basic sanitation in the some
regions (THATCHER, 1993; PINTO; MELO, 2012; MATTOS;
VERICIMO; SAO CLEMENTE, 2013); aquarium trade
process and the transport of these parasites through the
introduction of exotic species, as observed by Pinto;
Melo (2010) through the introduction of snail Melanoides
tuberculata (Muller, 1774), an intermediate host of
trematodes Centrocestus formosanus (Nishigori, 1924).

Despite being widely reported in the world, in Brazil,
studies with trematodes are poorly documented,
especially in the northern region; crustaceans are usually
studied for growth, reproduction and fishery parameters,
but not studied as parasite hosts. This study is the first
observation of metacercariae of Opisthorchis sp.
Blanchard, 1895 recovered from a new intermediate host
Macrobrachium amazonicum (Heller, 1862), an important
food resource from northern Brazil, emphasising the risk
of  contamination from inappropriate human
consumption.

2 Material and Methods

Study Area

The prawn specimens of M. amazonicum were collected
in the Guama River (01°27°54.2”S; 048°26’02.6”W)
(Figure 1), one of the main rivers that crosses the city of
Belém, in the State of Para. The river is highly
eutrophic, with muddy and turbid waters, with a strong
presence of clay particles in suspension, receiving
domestic waste from the Belém metropolitan area, as
well as chemical elements from the factories located
along the Guama River (COSTA et al., 2022). This region
presents a tropical humid climate (Koppen classification
Af), with high temperatures all over the year (always
above 18°C) and annual precipitation between 2250 and
3000 mm, with the characteristic rainy period between
December and May and the dry period between June and
November. The samples occurred in June 2023, using a
local trap called “matapi” placed at night time and
recovered in the next morning.

Laboratory Procedures

The collected individuals were transported alive to the
carcinology laboratory (LABCRUS) of the Federal Rural
University of the Amazon (UFRA), where the individuals
were identified, sexed and measured with a calliper
(0.01 mm) in Total Length (TL), Carapace Length (CL)
and Total Weight (TW). Afterwards, the specimens were
dissected in the carapace region for parasites in gills,
hepatopancreas and gonads under a stereomicroscope.
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Figure 1.Map of the study area indicating the urbanised area, corresponding to the metropolitan region of Belém- PA.

Black star = sampling point.

In specimens that showed trematodes, the tissues were
removed, transferred to petri dishes containing saline
solution (NaCl 0.85%) and then analysed by means of
optical microscopy to determine whether metacercariae
were present for counting and photographing using the

camera Motic Moticam5. For the fixation of
metacercariae, we used AFA (Acetone - Formaldehyde -
Alcohol).

For the identification of metacercariae, we followed the
descriptions provided by Vajrasthira; Harinasuta; komiya
(1961) and Scholz; Ditrich; Giboda (1992), for individuals
of the genus: cyst in elliptical form, with equal size of
oral sucker and ventral sucker, brownish pigment
granules scattered within the body and an O-shaped
excretory bladder occupying the greater part of the
posterior body.
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3 Results and Discussion

We collected 56 specimens of M. amazonicum (Figure
2A), being 20 males, 32 females and 4 ovigerous females,
measuring: TL (min.: 6.18; max.: 9.85 cm; mean: 6.18 %
1.12), CL (min.: 0.92; max.: 2.44 cm: mean: 1.45 =
0.326) and TW (min.: 0.34; max.: 6.83 g; mean: 1.80 *
1.04), which 13 individuals (23.21% of total sampled)
showed the metacercariae of Opisthorchis sp. between
the gonadal tissue (Figure 2B, C, D).

There were 53 metacercariae (covering between 3 and 5
metacercariae by prawn), with these parasites showing
sizes between 288 and 725 pm (mean: 400 pmz+ 121). The
highest preference of Opisthorchis sp. was observed in
female specimens of M. amazonicum (66.6%), when
compared with males (33.4%).
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From North America, many studies reported the
presence of trematodes in impacted environments; it
indicates the transmission through different routes such
as intestinal transport due to tourist flow, fresh oysters
exports for human consumption, aquarium trade with
parasitised fishes, introduction of exotic molluscs in
subtropical and tropical areas (e.g. Lissachatina fulica
(Bowdich, 1822) and M. tuberculata) and climate
changes setting new migratory routes of birds and fishes
transporting the parasites into new regions (MURRAY;
HAINES, 1969; NOLLEN; MURRAY, 1978; ISMAIL; ARIF,
1991; SCHOLZ; SALGADO-MALDONADO, 2000; DIAZ;
HERNANDEZ; BASHIRULLAH, 2002; TOLLEY-JORDAN;
OWEN, 2008; PINTO; MELO, 2012).

In Brazil, the three main trematode parasite into
Opisthorchiidae observed for the central and
southeastern regions are Centrocestus formosanus,
Opisthorchis felineus (Rivolta, 1884) and Opisthorchis
viverrini (Poirier, 1886), with reports as endoparasites in
snails (intermediate host), cats and potentially in
humans (definitive hosts), as observed in case studies
reported from Asian regions (OLIVEIRA et al., 2005).

Figure 2. (A) Macrobrachium amazonicum
(Heller, 1862) parasitised by metacercariae of
Opisthorchis  sp. Blanchard, 1895; (B)
Histological view of metacercariae of
Opisthorchis sp. adhered on the gonads of M.
amazonicum,; (C) Metacercariae of
Opisthorchis sp. in highlighted view; (D)
Schematic drawing of the metacercaria of
Opisthorchis sp. indicating the oral sucker
(0S), ventral sucker (VS) and brownish
pigment granules and an O-shaped excretory
bladder (EB). Scale bars (A) = 0.5 cm; (C, D) =
100 pm.

Additionally, in Brazil, the trematode species of the
family Heterophyidae are widely reported as
intermediate hosts of the exotic species M. tuberculata
(in metacercariae stages), with reports of parasitism in
the states of Rio de Janeiro by Thiengo et al. (2001),
Boaventura et al. (2002) and Bogéa; Cordeiro; Gouveia
(2005); Bahia by Lemos et al. (2007); Minas Gerais by
Carneiro et al. (2004) and Pinto et al. (2005); and in
Brasilia by Andrade et al. (2008). Additionally, the
pleurolofocerca stage was reported as an endoparasite in
birds, fishes and in the biliary system of humans (PINTO;
MATI; MELO, 2013).

Some authors indicate the mollusc M. tuberculata as
specific host of the families Philophthalmidae Looss,
1899 and Echinochasmidae Odhner, 1910 from Asian
region (SUKONTASON et al., 2005; SAYASONE et al.,
2009). However, these studies report only molluscs as
the main intermediate hosts, with no observations in
other aquatic invertebrates such as crustaceans, as
observed herein.
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In Brazilian clinical cases of trematodes as human
parasites (definitive host), there are reports of Fasciola
hepatica Linnaeus, 1758 from states of Rio de Janeiro,
Sao Paulo and Minas Gerais, with parasites occupying the
hepatic and biliary areas, acquired by eating fish from
contaminated regions; additionally, Chieffi et al. (1990)
observed a human case of parasitism of Ascocotyle sp.
Looss, 1899 (in a 31-year-old woman) due to the
ingestion of uncooked fish. Dias et al. (1992) observed
the presence of Clonorchis sinensis (Cobbold, 1875)
Looss, 1907 in Asian immigrants in Brazilian territory.

An infestation by Paragonimus westermani (Kerbert,
1878) Braun, 1899 was observed in the state of Bahia by
Lemos et al. (2007), in one adult man, showing
pulmonary infection, probably caused by consumption of
uncooked molluscs and shrimps. Another potential
trematodes transmitter are the molluscs of the genus
Biomphalaria Preston, 1910 (intermediate host), which
are widely reported in degraded aquatic environments,
and used as intermediate hosts of a wide range of
parasites (GIOVANELLI; VIEIRA; SILVA, 2003).

On other hand, another route of trematode
contamination in humans, is the direct contact with the
faeces of domestic animals (dogs and cats), once these
domestic animals in the process of hunting, may
consume fishes, birds, mice and other parasitised
mammals in urbanised regions. Humans, in contact with
the faeces of domestic animals, become definitive hosts.

The proliferation of trematode parasites in humans
causes abdominal pain, hepatic and biliary degradation
(in severe cases, bladder and bile cancer - Biliary Tract
Carcinoma), diarrhoea, vomiting and respiratory
problems; due to the absence of basic sanitation in many
regions, especially in northern Brazil, these parasites are
introduced into the aquatic environment, where they
complete their cycle, spreading to other regions, seeking
other intermediate / definitive hosts (COSTA; LIMA;
COSTA, 1984).

In an experiment performed by Fan (1998), it was
observed the high resistance of the trematode C.
sinensis in metacercariae stages, recovered as parasite
of freshwater fish Pseudorasbora pamu (Temminck &
Schlegel, 1846): the fish was frozen for 7 days at a
temperature of - 20 °C, however, the metacercariae
remained alive and with high parasitic potential.
Additionally, the same author analysed the resistance of
C. sinensis in fish salting process, finding that the
parasite remains active for up to 7 days in high salt
concentration (above 10 grams of salt by cm? of fish
body).

In observations made by Phyo Myint et al. (2020) in
public supermarket from Tachileik (Myanmar), eight
popular fish species parasitised by four metacercariae

species were found: O. viverrini, Haplorchis taichui
(Nishigori, 1924); Haplorchis pumilio (Looss, 1896) and
the genus Haplorchoides Chen, 1949; it indicates the
high resistance in uncooked dishes consumed by the
population (above 48 hours), emphasising the high risk of
contamination of the population through the
consumption of contaminated fish.

According to Fan (1998) and Aukkanimart et al. (2017) to
prevent the presence of the parasites in humans, it is
recommended the consumption of well-cooked fishery
products, additionally being effective against the
parasite, the consumption in salted and marinated forms
or kept frozen below - 20°C for long periods.

In the state of Para, the Amazon River prawn M.
amazonicum is commonly sold fresh and dry salted in
open-air markets and supermarkets and largely used in
the local cuisine. The artisanal production process of dry
salted prawn involves cooking in brine followed by
natural drying, which can be an alternative for
inactivating the parasite and should be studied more
carefully in future works. The consumption of fresh
shrimp may favour the occurrence of trematodes, in
particular, Opisthorchis sp. in humans.

The high urbanisation process as observed at Belém
metropolitan area (see Figure 1), associated to regions
without basic sanitation and the eutrophication process
of the Guama River (one of the fishing locations of the
Amazon River prawn consumed in the area), makes us
alert the presence of the trematode Opisthorchis sp.
parasitising a new intermediate host species and the
potential risk of parasitism in humans.

4 Conclusions

In conclusion, we would like to alert the authorities and
the population about the risk of contamination by
metacercariae in humans (definitive host), due to
inadequate consumption (for example, not well cooked
in dishes, such as sushi, steamed or in salads) of aquatic
organisms such as molluscs, crustaceans and fishes,
collected in the Guama River and adjacent waters,
which may become a serious health problem in the
region.

CREDIT AUTHORSHIP
CONTRIBUTION STATEMENT

DEGM and FAAJ conceived the research ideas, designed
the study and writing the manuscript; MGM and IHAC
performed the first draft of this manuscript and revisions
along the main text.

D.E.G. Martins; I.H.A. Cintra; M.G. Martins; F.A. Alves-Junior



PRESENCE OF METACERCARIAE OF Opisthorchis sp.

BLANCHARD, 1895 (TREMATODA:

OPISTHORCHIIDAE) IN NEW HOST Macrobrachium amazonicum (HELLER, 1862), FROM THE NORTHERN
BRAZIL: AN EMERGING RISK TO HUMANS BY THE SHRIMP CONSUMPTION

DECLARATION OF INTEREST

The authors declare that they have no known competing
financial interests or personal relationships that could
have appeared to influence this study.

FUNDING SOURCE

No financial contribution was used for the development
of this article.

ACKNOWLEDGEMENTS

The authors would like to thank the Centro Nacional de
Pesquisa e Conservacdo da Biodiversidade Marinha do
Norte - CEPNOR / ICMBio for the support and laboratory
for this study. Additionally, the authors would like to
thank the anonymous reviewers for their valuable
comments throughout this paper.

REFERENCES

ANDRADE, C.P.; PINTO, H.A.; COSCARELLI, D.; VIDIGAL,
T.H.D.A.; De MELO, A.L. Infeccao natural de Melanoides
tuberculatus (Caenogastropoda: Thiaridae) por larvas de
trematddeos digenéicos em Brasilia, Distrito Federal. In:
CONGRESSO BRASILEIRO DE ZOOLOGIA, 27., 2008,
Curitiba. Resumos [...]. Curitiba: Sociedade Brasileira de
Zoologia, 2008. p. 1483. Available from:
https://acervodigital.ufpr.br/handle/1884/34103.
Accessed on: 12 Jul. 2023.

AUKKANIMART, R.; BOONMARS, T.; SRIRAJ, P.; SRIPAN,
P.; SONGSRI, J.; RATANASUWAN, P.; LAUMMAUNWAI, P.;
SUWANANTRAI, A.; AUNPROMMA, S.;
KHUEANGCHAINGKHWANG, S.; PUMHIRUNROJ, B.;
ARTCHAYASAWAT, A.; KHUNTIKEO, N.; LOILOME, W.;
NAMWAT, N.; YONGVANIT, P.; BOONJARASPINYO, S.
Carcinogenic liver fluke and others contaminated in
pickled fish of Northeastern Thailand. Asian Pacific
Journal of Cancer Prevention, v. 18, n. 2, p. 529-533,
2017. Available from:
https://doi.org/10.22034/APJCP.2017.18.2.529.

BELIZARIO, J.V.; BERSABE, M.J.; HILOMEN, V.Y.; PALLER,
G.V.; BUGAYON, M.G. Intestinal heterophyidiasis: an
emerging food-borne parasitic zoonosis in southern
Philippines. The Southeast Asian Journal of Tropical
Medicine and Public Health, v. 32, p. 36-42, 2001.
Available from:
https://pubmed.ncbi.nlm.nih.gov/12041601.  Accessed
on: 6 Jul. 2023.

BLANCHARD, R.A.E. Animaux parasites [Preliminary
notice]. Bulletin de la Société Zoologique de France, v.
20, n. 89, p. 217, 1895. Available from:
https://www.marinespecies.org/aphia.php?p=sourcedeta
ils&id=404892. Accessed on: 04 Jul. 2023.

BOAVENTURA, M.F.; FERNANDEZ, M.A.; THIENGO, S.C.;
SILVA, R.E.; MELO, A.L. Formas larvais de Trematoda
provenientes de gastropodes limnicos da microrregiao
Rio de Janeiro, sudeste do Brasil. Lundiana, V. 3, 45-49,
2002. Available from: https://doi.org/10.35699/2675-
5327.2002.21791.

BOGEA, T.; CORDEIRO, F.M.; GOUVEIA, J.S. Melanoides
tuberculatus (Gastropoda: Thiariidae) as intermediate
host of Heterophyidae (Trematoda: Digenea) in Rio de
Janeiro metropolitan area, Brazil. Revista do Instituto
de Medicina Tropical de Sao Paulo, v. 47, p. 87-90,
2005. Available from: https://doi.org/10.1590/50036-
46652005000200005.

BOWDICH, T.E. Elements of conchology, including the
fossil genera and the animals. Part I. Univalves. Paris:
J. Smith, 1822. Available from:
https://doi.org/10.5962/bhl.title.77504.

CARNEIRO, A.C.A.V.; SANTOS, V.C.; SOUSA, F.B.C.;
MELO, A.L. Infeccao natural de Melanoides tuberculatus
(Miller,1774), na represa da Pampulha, Belo Horizonte,
MG. In: CONGRESSO BRASILEIRO DE ZOOLOGIA, 25., 2004,
Brasilia. Resumos [...] Brasilia: Sociedade Brasileira de
Zoologia, 2004. p. 292.

CHAI, J.Y.; SOHN, W.M.; NA, B.K.; PARK, J.B.; JEOUNG,
H.G.; HOANG, E.H.; HTOON, T.T.; TIN, H.H. Zoonotic
trematode metacercariae in fish from Yangon, Myanmar
and their adults recovered from experimental animals.
Korean Journal of Parasitology, v. 55, n. 6, p. 631-641,
2017. Available from:
https://doi.org/10.3347/kjp.2017.55.6.631.

CHEN, H.T. Systematic consideration of some
heterophyid trematodes in the subfamilies Haplorchinae
and Stellantchasminae. Annals of Tropical Medicine &
Parasitology, V. 43 (3-4), 304-312, 1949. Available from:
https://doi.org/10.1080/00034983.1949.11685415.

CHIEFFI, P.; LEITE, O.H.; DIAS, R.M.D.S.; TORRES,
D.M.A.V.; MANGINI, A.C.S. Human parasitism by
Phagicola sp. (Trematoda, Heterophyidae) in Sao Paulo
State, Brazil. Revista do Instituto de Medicina Tropical,
v. 32, n. 4, p. 285-288, 1990. Available from:
https://doi.org/10.1590/5003646651990000400008.

COBBOLD, T.S. The new human fluke. Lancet, v. 2716,
n. 2, p. 1-423, 1875. Available from:
https://doi.org/10.1016/50140-6736(02)48496-6.

D.E.G. Martins; I.H.A. Cintra; M.G. Martins; F.A. Alves-Junior


https://acervodigital.ufpr.br/handle/1884/34103
https://doi.org/10.22034/APJCP.2017.18.2.529
https://pubmed.ncbi.nlm.nih.gov/12041601
https://www.marinespecies.org/aphia.php?p=sourcedetails&id=404892
https://www.marinespecies.org/aphia.php?p=sourcedetails&id=404892
https://doi.org/10.35699/2675-5327.2002.21791
https://doi.org/10.35699/2675-5327.2002.21791
https://doi.org/10.1590/S0036-46652005000200005
https://doi.org/10.1590/S0036-46652005000200005
https://doi.org/10.5962/bhl.title.77504
https://doi.org/10.3347/kjp.2017.55.6.631
https://doi.org/10.1080/00034983.1949.11685415
https://doi.org/10.1590/S003646651990000400008
https://doi.org/10.1016/S0140-6736(02)48496-6

PRESENCE OF METACERCARIAE OF Opisthorchis sp.

BLANCHARD, 1895 (TREMATODA:

OPISTHORCHIIDAE) IN NEW HOST Macrobrachium amazonicum (HELLER, 1862), FROM THE NORTHERN
BRAZIL: AN EMERGING RISK TO HUMANS BY THE SHRIMP CONSUMPTION

COSTA, H.M.A.; LIMA, W.S.; COSTA, J.O. Phagicola
arnaldoi (Travassos, 1928) Travassos, 1929 (Trematoda,
Heterophyidae) em Canis familiaris. Arquivo Brasileiro
de Medicina Veterinaria e Zootecnia, v. 36, p. 591-595,
1984. Available from: https://www.scielo.br/j/abmvz/.
Accessed on: 03 Aug. 2023.

COSTA, G.M.M.; RIBEIRO, H.M.C.; PANTOJA, D.N.S.M.
Classificacao do nivel de trofia de um trecho do Rio
Guama, Belém - Para. Revista Geoaraguaia, v. 12, n. 1,
p. 176-191, 2022. Available from:
https://periodicoscientificos.ufmt.br/ojs/index.php/geo
/article/view/11681. Accessed on: 11 July 2023.

DIAS, R.M.D.S.; MANGINI, A.C.S.; TORRES, D.M.A.G.V.;
VELLOSA, S.A.G.; SILVA, R.M.; SILVA, M.1.P.G. Introducao
de Clonorchis sinensis por imigrantes do leste asiatico no
Brasil e a suspensao da obrigatoriedade de exams
laboratoriais para obtencao de vistos de permanéncia.
Revista Brasileira de Analises Clinicas, v. 24, p. 29-30,
1992. Available from:
https://pesquisa.bvsalud.org/portal/resource/pt/lil-
119549. Accessed on: 18 Jul. 2023.

DIAZ, M.T.; HERNANDEZ, L.E.; BASHIRULLAH, A.K.
Experimental life cycle of Philophthalmus gralli
(Trematoda: Philophthalmidae) in Venezuela. Revista de
Biologia Tropical, v. 50, p. 629-641, 2002. Available
from:
https://revistas.ucr.ac.cr/index.php/rbt/article/view/1
6587. Accessed on: 16 Jul. 2023.

DAO, H.T.; DERMAUW, V.; GABRIEL, S.; SUWANNATRAI,
A.; TESANA, S.; NGUYEN, G.T.; DORNY, P. Opisthorchis
viverrini infection in the snail and fish intermediate
hosts in Central Vietnam. Acta Tropical, v. 170, p. 120-
125, 2017. Available from:
https://doi.org/10.1016/j.actatropica.2017.02.028.

EMPARANZA, E.; ULLOA, R.; MONTIEL-RAMOS, A.;
MOLINA-OCAMPO, R. First record of the association of
the crab Pinnaxodes gigas (Decapoda: Pinnotheridae)
with the geoduck clam Panopea globosa (Bivalvia:
Hiatellidae). Marine Biodiversity Records, v. 4, p.
e40(1-3), 2011. Available from:
https://doi.org/10.1017/51755267211000352.

FAN, P.C. Viability of metacercariae of Clonorchis
sinensis in frozen or salted freshwater fish. International
Journal for Parasitology, v. 28, n. 4, p. 603-605, 1998.
Available from: https://doi.org/10.1016/s0020-
7519(97)00215-4.

GIOVANELLI, A.; VIEIRA, M.V.; SILVA, C.L.P.A.C.
Apparent competition through facilitation between
Melanoides tuberculata and Biomphalaria glabrata and
the control of schistosomiasis. Memérias do Instituto
Oswaldo Cruz, v. 98, n. 3, p. 429-431, 2003. Available
from: https://doi.org/10.1590/50074-
02762003000300025.

GONGORA-GOMEZ,  A.M.;  MUNOZ-SEVILLA, N.P.;
HERNANDEZ SEPULVEDA, J.A.; GARCIA-ULLOA, M.
Association between the pen shell Atrina tuberculosa
and the shrimp Pontonia margarita. Symbiosis, v. 66, p.
107-110, 2015. Available from:
https://doi.org/10.1007/s13199-015-0342-2.

HELLER, C. Beitrage zur naheren Kenntnis der
Macrouren.  Sitzungsberichte der mathematisch-
naturwissenschaftlichen Classe der Kaiserlichen
Akademie der Wissenschaften, v. 1, n. 5, p. 389-426,
1862. Available from:
https://www.biodiversitylibrary.org/item/34882#page/7
/mode/1up. Accessed on: 15 Jun. 2023.

HOP, N.T.; DE, N.V.; MURRELL, D.; DALSGAARD, A.
Occurrence and species distribution of fishborne
zoonotic trematodes in wastewater-fed aquaculture in
northern Vietnam. Tropical Medicine & International
Health, v. 12, n. s2, p. 66-72, 2007. Available from:
https://doi.org/10.1111/j.1365-3156.2007.01943.x.

ISMAIL, N.S.; ARIF, A.M.S. Larval trematodes of
Melanoides tuberculatus (Muller, 1774) (Gastropoda:
Prosobranchia) in brackish spring, United Arab Emirates.
Japanese Journal of Parasitology, v. 40, p. 157-169,
1991. Available from:
https://doi.org/10.1007/BF00013997.

JEON, H.K.; LEE, D.; PARK, H.; MIN, D.Y.; RIM, H.J.;
ZHANG, H.; YANG, Y.; LI, X.; EON, K.S. Human infections
with liver and minute intestinal flukes in Guangxi, China:
Analysis by DNA sequencing, ultrasonography, and
immunoaffinity chromatography. Korean Journal of
Parasitology, v. 50, n. 4, p. 391-394, 2012. Available
from: https://doi.org/10.3347/kjp.2012.50.4.391.

KERBERT, C. Zur Trematoden-kenntnis. Zoologischer
Anzeiger, v. 1, p. 271-273, 1878. Available from:
https://www.biodiversitylibrary.org/page/30123473#pag
e/285/mode/1up. Accessed on: 22 July 2023.

LEMOS, A.C.M.; COELHO, J.C.; MATOS, E.D.; MONTAL,
G.; AGUIAR, F.; BADARO, R. Paragonimiasis: first case
reported in Brazil. Brazilian Journal of Infectious
Diseases, v. 11, p. 153-156, 2007. Available from:
https://doi.org/10.1590/51413-86702007000100031.

D.E.G. Martins; I.H.A. Cintra; M.G. Martins; F.A. Alves-Junior


https://www.scielo.br/j/abmvz/
https://periodicoscientificos.ufmt.br/ojs/index.php/geo/article/view/11681
https://periodicoscientificos.ufmt.br/ojs/index.php/geo/article/view/11681
https://pesquisa.bvsalud.org/portal/resource/pt/lil-119549
https://pesquisa.bvsalud.org/portal/resource/pt/lil-119549
https://revistas.ucr.ac.cr/index.php/rbt/article/view/16587
https://revistas.ucr.ac.cr/index.php/rbt/article/view/16587
https://doi.org/10.1016/j.actatropica.2017.02.028
https://doi.org/10.1017/S1755267211000352
https://doi.org/10.1016/s0020-7519(97)00215-4
https://doi.org/10.1016/s0020-7519(97)00215-4
https://doi.org/10.1590/S0074-02762003000300025
https://doi.org/10.1590/S0074-02762003000300025
https://doi.org/10.1007/s13199-015-0342-2
https://www.biodiversitylibrary.org/item/34882#page/7/mode/1up
https://www.biodiversitylibrary.org/item/34882#page/7/mode/1up
https://doi.org/10.1111/j.1365-3156.2007.01943.x
https://doi.org/10.1007/BF00013997
https://doi.org/10.3347/kjp.2012.50.4.391
https://www.biodiversitylibrary.org/page/30123473#page/285/mode/1up
https://www.biodiversitylibrary.org/page/30123473#page/285/mode/1up
https://doi.org/10.1590/S1413-86702007000100031

PRESENCE OF METACERCARIAE OF Opisthorchis sp.

BLANCHARD, 1895 (TREMATODA:

OPISTHORCHIIDAE) IN NEW HOST Macrobrachium amazonicum (HELLER, 1862), FROM THE NORTHERN
BRAZIL: AN EMERGING RISK TO HUMANS BY THE SHRIMP CONSUMPTION

LINNAEUS, C. Systema Naturae per regna tria naturae,
secundum classes, ordines, genera, species, cum
characteribus, differentiis, synonymis, locis. Editio
decima, reformata [10th revised edition], Laurentius
Salvius: Holmiae, V. 1, 824 p., 1758. Available from:
https://www.biodiversitylibrary.org/item/10325#page/2
/mode/1up. Accessed on: 18 Jul. 2023.

LOOSS, A. Weitere Beitrage zur Kenntniss der
Trematoden-Fauna Aegyptens, zugleich Versuch einer
naturlichen Gliederung des Genus Distomum Retzius.
Zoologische Jahrbiicher, V. 12, 521-784, 1899. Available
from:https://www.biodiversitylibrary.org/page/1022063
5#page/531/mode/1up. Accessed on: 22 July 2023.

LOOSS, A. Recherches sur la faune parasitaire de
lEgypte. Premiére partie. Memoires de [lInstitute
Egyptien. Le Caire, V. 3, 1-252, 1896. Available from:
https://doi.org/10.11588/diglit.12251#0013.

LOOSS, A. On some parasites in the Museum of the
School of Tropical Medicine, Liverpool. With a
contribution on a case of distomiasis of the liver and the
rectum, by Edward Cuffey. Annals of Tropical Medicine
and Parasitology, v. 1, n. 1, p. 121-154, 1907. Available
from: ttps://doi.org/10.1080/00034983.1907.11719254.

LOVIS, L.; MAK, T.K.; PHONGLUXA, K.;
SOUKHATHAMMAVONG, P.; SAYASONE, S.; AKKHAVONG,
K.; ODERMATT, P.; KEISER, J.; FELGER, I. PCR diagnosis
of Opisthorchis viverrini and Haplorchis taichui
infections in a Lao community in an area of endemicity
and comparison of diagnostic methods for parasitological
field surveys. Journal of Clinical Microbiology, v. 47, p.
1517-1523, 2009. Available from:
https://doi.org/10.1128/JCM.02011-08.

MATTOS, D.P.B.G.; VERICIMO, M.A.; SAO CLEMENTE, S.C.
O pescado e os cestoides Trypanorhyncha - do aspecto
higiénico ao potencial alergénico. Veterinaria Noticias,
v. 19, n. 2, p. 127-139, 2013. Available from:
https://seer.ufu.br/index.php/vetnot/article/view/2333
4. Accessed on: 22 July 2023.

MULLER, O.F. Vermium terrestrium et fluviatilium, seu
animalium infusorium, Helminthicorum, et
testaceorum, non marinorum, succincta historia. vol 2:
[-XXXVI. Havniae et Lipsiae, apud Heineck et Faber, ex
officina Molleriana, 214 p., (10 unnumbered pages),
1774. Available from:
https://doi.org/10.5962/bhl.title.46299.

MURRAY, H.D.; HAINES, D. Philophthalmus sp.
(Trematoda) in Tarebia granifera and Melanoides
tuberculatus in south Texas. Bulletin of the American
Malacological Union, p. 44-45, 1969. Available from:
https: //www.biodiversitylibrary.org/bibliography/12494
5. Accessed on: 08 Jul. 2023.

NISHIGORI, M. The life cycles of two new species of
Heterophyidae, Monorchotrema taihokui and M. taichui,
found in Formosa. Preliminary note. Taiwan Igakkwai
Zasshi, Taihoku, V. 237, 567-570, 1924. Available from:
https://doi.org/10.2307/3271705.

NOLLEN, P.M.; MURRAY, H.D. Philophthalmus gralli:
identification, growth characteristics, and treatment of
an oriental eyefluke of birds introduced into the
continental United States. Journal of Parasitology, v.
94, n. 1, p. 178-180, 1978. Available from:
https://doi.org/10.2307/3279646.

NOUDEH, M.A.; PAZOOKI, J. The first record of
Ascocotyle (Phagicola) longa (Digenea: Heterophyidae)
metacercariae as the fish-borne zoonotic trematode in
Chelon auratus and Chelon saliens (Pisces: Mugilidae)
around the cage culture in the Caspian Sea, Iranian.
Journal of Parasitology, v. 65, n. 4, p. 365-370, 2019.
Available from: https://doi.org/10.17420/ap6504.222.

ODHNER, T. Nordostafrikanische Trematoden,
grosstenteils vom Weissen Nil (von der schweidischen
zoologischen Expedition gesammelt). In: JAGERSKIOLD,
L.A. (Ed.) Results of the Swedish zoological expedition
to Egypt and the White Nile, 1901, under the direction
of L.A. Jagerskiold. Uppsala: Library of the Royal
University of Uppsala, 1910. v. 23A, p. 1-170. Available
from:
https://www.biodiversitylibrary.org/item/62150#page/8
33/mode/1up. Accessed on: 14 Jul. 2023.

OLIVEIRA, P.M.A.; PIRES, P.R.R.; GINJA, M.J.; PIRES, I.;
CARDOSO, L.; ANTUNES, L.; RODRIGUES, M. Opisthorchis
felineus in cat: case report. Arquivo Brasileiro de
Medicina Veterinaria e Zootecnia, v. 57, n. 4, p. 556-
558, 2005. Available from:
https://doi.org/10.1590/50102-09352005000400020.

PFAFFLE, M.; LITTWIN, N.; MUDERS, S.V.; PETNEY, T. N.
The ecology of tick-borne diseases. International
Journal of Parasitology, v. 43, n. 12-13, p. 1059-1077,
2013. Available from:
https://doi.org/10.1016/j.ijpara.2013.06.009.

PHYO MYINT, E.E.; SEREEMASPUN, A.; ROCKLOV, J.;
NITHIKATHKUL, C. Discovery of Carcinogenic Liver Fluke
Metacercariae in Second Intermediate Hosts and
Surveillance on Fish-Borne Trematode Metacercariae
Infections in Mekong Region of Myanmar. International
Journal of Environmental Research and Public Health,
v. 17, n. 11, article 4108, 2020. Available from:
https://doi.org/10.3390/ijerph17114108.

D.E.G. Martins; I.H.A. Cintra; M.G. Martins; F.A. Alves-Junior


https://www.biodiversitylibrary.org/item/10325#page/2/mode/1up
https://www.biodiversitylibrary.org/item/10325#page/2/mode/1up
https://www.biodiversitylibrary.org/page/10220635#page/531/mode/1up
https://www.biodiversitylibrary.org/page/10220635#page/531/mode/1up
https://doi.org/10.11588/diglit.12251#0013
https://doi.org/10.1080/00034983.1907.11719254
https://doi.org/10.1128/JCM.02011-08
https://seer.ufu.br/index.php/vetnot/article/view/23334
https://seer.ufu.br/index.php/vetnot/article/view/23334
https://doi.org/10.5962/bhl.title.46299
https://www.biodiversitylibrary.org/bibliography/124945
https://www.biodiversitylibrary.org/bibliography/124945
https://doi.org/10.2307/3271705
https://doi.org/10.2307/3279646
https://doi.org/10.17420/ap6504.222
https://www.biodiversitylibrary.org/item/62150#page/833/mode/1up
https://www.biodiversitylibrary.org/item/62150#page/833/mode/1up
https://doi.org/10.1590/S0102-09352005000400020
https://doi.org/10.1016/j.ijpara.2013.06.009
https://doi.org/10.3390/ijerph17114108

PRESENCE OF METACERCARIAE OF Opisthorchis sp.

BLANCHARD, 1895 (TREMATODA:

OPISTHORCHIIDAE) IN NEW HOST Macrobrachium amazonicum (HELLER, 1862), FROM THE NORTHERN
BRAZIL: AN EMERGING RISK TO HUMANS BY THE SHRIMP CONSUMPTION

PINTO, R.M.; SANTOS, L.C.; TORTELLY, R.; MENEZES, R.
C.; MORAES, W.; JUVENAL, J.C.; GOMES, D.C. Pathology
and first report of natural infections of the eye
trematode Philophthalmus lachrymosus Braun, 1902
(Digenea, Philophthalmidae) in a non-human mammalian
host. Memorias do Instituto Oswaldo Cruz, v. 100, 579-
583, 2005. Available from:
https://doi.org/10.1590/50074-02762005000600012.

PINTO, H. A.; MELO, A. L. Melanoides tuberculata
(Mollusca: Thiaridae) as an intermediate host of
Centrocestus formosanus (Trematoda: Heterophyidae) in
Brazil. Revista do Instituto de Medicina Tropical de Sao
Paulo, V. 52 (4), 207-210, 2010. Available from:
https://doi.org/10.1590/50036-46652010000400008.

PINTO, H. A.; MELO, A. L. Metacercariae of Centrocestus
formosanus (Trematoda: Heterophyidae) in
Australoheros facetus (Pisces: Cichlidae) in Brazil.
Revista Brasileira de Parasitologia Veterinaria, V. 21
(3), 334-337, 2012. Available from:
https://doi.org/10.1590/51984-29612012000300032.

PINTO, H. A.; MATI, V. L. T.; MELO, A. L. New records
and a checklist of trematodes from Butorides striata
(Aves: Ardeidae). Revista Mexicana de Biodiversidad, V.
84 (4), 1100-1110, 2013. Available from:
https://doi.org/10.7550/rmb.34431.

PRESTON, H. B. Additions to the non-marine molluscan
fauna of British and German East Africa and Lake Albert
Edward. The Annals and Magazine of Natural History,
V. 6, 526-536, 1910. Available from:
https://www.biodiversitylibrary.org/page/15629297#pag

SITHITHAWORN, P.; ANDREWS, R. H.; VAN DE, N.;
WONGSAROQJ, T.; SINUON, M.; ODERMATT, P.; NAWA, Y.;
LIANG, S.; BRINDLEY, P. J.; SRIPA, B. The current status
of opisthorchiasis and clonorchiasis in the Mekong Basin.
Parasitology International, V. 61, 10-16, 2012. Available
from: https://doi.org/10.1016/j.parint.2011.08.014.

SCHOLZ, T.; DITRICH, O.; GIBODA, M. Study on the
surface morphology of the developmental stages of the
liver fluke, Opisthorchis viverrini  (Trematoda:
Opisthorchiidae). Annales de parasitologie humaine et
comparée, V. 67 (3), 82-90, 1992. Available from:
https://doi.org/10.1051/parasite/199267382.

SCHOLZ, T.; SALGADO-MALDONADO, G. The introduction
and dispersal of Centrocestus formosanus (Nishigori,
1924) (Digenea: Heterophyidae) in Mexico: a review.
American Midland Naturalist, V. 143, 185-200, 2000.
Available from:
https://doi.org/10.1674/00030031(2000)143[0185:TIADO

C]2.0.CO;2.

SUKONTASON, K.; UNPUNYO, P.; SUKONTASON, K. L.;
PIANGJAI, S. Evidence of Haplorchis taichui infection as
pathogenic parasite: three case reports. Scandinavian
Journal of Infectious Diseases, V. 37, 388-390, 2005.
Available from:
https://doi.org/10.1080/00365540510034473.

THATCHER, V. E. Trematddeos neotropicais. Manaus:
Instituto Nacional de Pesquisas da Amazonia, 553p.,
1993. Available from:
https://openlibrary.org/books/0OL318092M/Tremato%CC
%81deos_neotropicais. Accessed on: 02 Jul. 2023.

e/556/mode/1up. Accessed on: 15 Jul. 2023.

POIRIER, J. Trématodes nouveaux oupeuconnus. Bulletin
de la Société Philomathique, Paris, V. 7 (10), 20-40,
1886.

PUMIDONMING, W.; KATAHIRA, H.; IGARASHI, M.;
SALMAN, D.; ABDELBASET, A. E.; SANGKAEOQ, K. Potential
risk of a liver fluke Opisthorchis viverrini infection
brought by immigrants from prevalent areas: A case
study in the lower Northern Thailand. Acta Tropical, V.
178, 213-218, 2018. Available from:
https://doi.org/10.1016/j.actatropica.2017.11.023.

RIVOLTA, S. Sopra una specie di Distomanelgatto e nel
cane. Giornale di anatomia, fisiologia e patologia degli
animali, V. 10 (1), 20-28, 1884.

SAYASONE, S.; TESANA, S.; UTZINGER, J.; HATZ, C.;
AKKHAVONG, K.; ODERMATT, P. Rare human infection
with the trematode Echinochasmus japonicus in Lao PDR.
Parasitology International, V. 58, 106-109, 2009.
Available from:
https://doi.org/10.1016/j.parint.2008.11.001.

THIENGO, S. C.; FERNANDEZ, M. A.; BOAVENTURA, M. F.;
GRAULT, C. E.; SILVA H. F. R.; MATTOS, A. C.; SANTOS,
S. B. Freshwater snails and Schistosomiasis mansoni in
the state of Rio de Janeiro, Brazil: | - Metropolitan
Mesoregion. Memérias do Instituto Oswaldo Cruz, V. 96
(suppl. 1), 177-184, 2001.  Available from:
https://doi.org/10.1590/50074-02762002000900010.

TEMMINCK, C. J.; SCHLEGEL, H. Pisces. In: SIEBOLD, P. F.
(Ed.): Fauna Japonica, sive descriptio animalium, quae
in itinere per Japoniam. suscepto annis 1823-1830
collegit, notis, observationibus et adumbrationibus
illustravit Ph. Fr. de Siebold. Lugduni Batavorum
[Leiden] (A. Arnz et soc.). Parts 10-14: 173-269, 1846.
Available from:
https: //www.biodiversitylibrary.org/item/217507#page/
41/mode/1up. Accessed on: 15 Jul. 2023.

TOLLEY-JORDAN, L. R.; OWEN, J. M. Habitat influences
snail community structure and trematode infection
levels in a spring-fed river, Texas, USA. Hydrobiologia,
V. 600, 29-40, 2008. Available from:
https://doi.org/10.1007/s10750-007-9173-3.

D.E.G. Martins; I.H.A. Cintra; M.G. Martins; F.A. Alves-Junior


https://doi.org/10.1590/S0074-02762005000600012
https://doi.org/10.1590/S0036-46652010000400008
https://doi.org/10.1590/S1984-29612012000300032
https://doi.org/10.7550/rmb.34431
https://www.biodiversitylibrary.org/page/15629297#page/556/mode/1up
https://www.biodiversitylibrary.org/page/15629297#page/556/mode/1up
https://doi.org/10.1016/j.actatropica.2017.11.023
https://doi.org/10.1016/j.parint.2008.11.001
https://doi.org/10.1016/j.parint.2011.08.014
https://doi.org/10.1051/parasite/199267382
https://doi.org/10.1674/00030031(2000)143%5b0185:TIADOC%5d2.0.CO;2
https://doi.org/10.1674/00030031(2000)143%5b0185:TIADOC%5d2.0.CO;2
https://doi.org/10.1080/00365540510034473
https://openlibrary.org/books/OL318092M/Tremato%CC%81deos_neotropicais
https://openlibrary.org/books/OL318092M/Tremato%CC%81deos_neotropicais
https://doi.org/10.1590/S0074-02762002000900010
https://www.biodiversitylibrary.org/item/217507#page/41/mode/1up
https://www.biodiversitylibrary.org/item/217507#page/41/mode/1up
https://doi.org/10.1007/s10750-007-9173-3

PRESENCE OF METACERCARIAE OF Opisthorchis sp. BLANCHARD, 1895 (TREMATODA:

OPISTHORCHIIDAE) IN NEW HOST Macrobrachium amazonicum (HELLER, 1862), FROM THE NORTHERN
BRAZIL: AN EMERGING RISK TO HUMANS BY THE SHRIMP CONSUMPTION

TOUCH, S.; KOMALAMISRA, C.; RADOMYOS, P.;
WAIKAGUL, J. Discovery of Opisthorchis viverrin
metacercariae in freshwater fish in southern Cambodia.
Acta Tropica, V. 111, 108-113, 2009. Available from:
https://doi.org/10.1016/j.actatropica.2009.03.002.

VAJRASTHIRA, S.; HARINASUTA, C.; KOMIYA, Y. The
Morphology of the Metacercaria of Opisthorchis
Viverrini, with Special Reference to the Excretory
System. Annals of Tropical Medicine & Parasitology, V.
55 (4), 413-418, 1961. Available from:
https://doi.org/10.1080/00034983.1961.11686068.

WOoRMS (2023). Opisthorchis Blanchard, 1895. Available
from:
https://www.marinespecies.org/aphia.php?p=taxdetails
&id=108622. Accessed on: 02 Jul. 2023.

D.E.G. Martins; I.H.A. Cintra; M.G. Martins; F.A. Alves-Junior


https://doi.org/10.1016/j.actatropica.2009.03.002
https://doi.org/10.1080/00034983.1961.11686068
https://www.marinespecies.org/aphia.php?p=taxdetails&id=108622
https://www.marinespecies.org/aphia.php?p=taxdetails&id=108622

