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HIGH PREVALENCE AND INTENSITY OF FISH
NEMATODES WITH ZOONOTIC POTENTIAL IN
THE BRAZILIAN AMAZON, INCLUDING A BRIEF
REFLECTION ON THE ABSENCE OF
HUMAN INFECTIONS

Lincoln Lima Corréa', Marcos Sidney Brito Oliveira’, Jorge Guimardes da
Costa Eiras®, Marcos Tavares-Dias* and Edson Aparecido Adriano’

ABSTRACT

This study aimed to characterize the prevalence, mean abundance, and mean intensity of potential
fish-borne zoonotic nematode larvae infecting the predator fish Hoplias aft. malabaricus from
the Tapajos River, in the municipality of Santarém, in the Brazilian Amazon. After capture,
the specimens of H. aff. malabaricus were analyzed for infection by Contracaecum sp. and
Eustrongylides sp. third-stage larvae, and the prevalence, mean abundance, and mean intensity
were calculated. A literature search was carried out to clarify the relationship between these
indicators and eventual human cases of infection in the Amazon region. Third-stage larvae of
nematodes of the Contracaecum and Eustrongylides genera were found in the specimens of H.
aff. malabaricus sampled from the Tapajos River. The prevalence of Contracaecum larvae was
100%, while its mean abundance and mean intensity were both 54.8 larvae/fish. The prevalence
of Eustrongylides larvae was 62.9%, and its mean abundance and mean intensity were 1.8
and 2.8 larvae/fish, respectively. Despite the high prevalence and intensity values, there are
no cases of human infection by these nematode larvae in the Brazilian Amazon reported. The
absence of human infections by these nematode larvae in the Brazilian Amazon despite the high
prevalence/intensity of Contracaecum and Eustrongylides larvae and the high consumption of
fish in the region, is most probably due to the fact that the local populations do not eat raw or
undercooked fish. However, it is noteworthy that the absence of zoonotic cases in the region
is based only on the examination of the available published papers. A better knowledge of the
situation would require surveying hospitals and clinics, and data from the region’s medical
treatment facilities. However, the authors consider that cases of human infection, if any, are
extremely rare, mainly due to the eating habits of the local population.

KEY WORDS: Amazon basin; freshwater fish; public health; parasitic infection; zoonosis.

1. Universidade Federal do Oeste do Para (UFOPA), Instituto de Ciéncias e Tecnologia das Aguas, Santarém, PA, Brazil.

2. Universidade Federal do Amapa (UNIFAP), Programa de P6s-Graduagdo em Biodiversidade Tropical, Macapa, AP, Brazil.

3. Universidade do Porto, Faculdade de Ciéncias, Departamento de Biologia, Porto, Portugal; Centro Interdisciplinar de
Investigagdo Marinha ¢ Ambiental (CIIMAR), Laboratério de Patologia Animal, Terminal de Cruzeiros do Porto de Leixdes,
Matosinhos, Portugal.

4. Empresa Brasileira de Pesquisa Agropecuaria (Embrapa), Macapa, AP, Brazil.

5. Universidade Federal de Sao Paulo (UNIFESP), Departamento de Ecologia e Biologia Evolutiva, Diadema, SP, Brazil.

Lincoln Lima Corréa - https://orcid.org/0000-0002-6453-4824, Marcos Sidney Brito Oliveira - https://orcid.org/0000-0002-4421-
9608, Jorge Guimardes da Costa Eiras - https://orcid.org/0000-0002-2472-7947, Marcos Tavares-Dias - https://orcid.org/0000-
0002-8376-1846, Edson Aparecido Adriano - https://orcid.org/0000-0002-6903-953 1

Corresponding author: Lincoln Lima Corréa. E-mail: lincorre@gmail.com

Received for publication: 9/2/2021. Reviewed: 1/4/2021. Accepted: 10/6/2021.

150 J Trop Pathol Vol. 50 (2): 150-162. apr-jun. 2021 ISSN:0301-0406 E-ISSN:1980-8178



INTRODUCTION

The fish species Hoplias malabaricus (Bloch, 1794), is a characiform
of the Erythrynidae family, which includes the genera Erythrinus Scopoli,
1777, Hoplerythrinus Gill, 1896, and Hoplias Gill, 1903 (Nelson, 2006).
The genus Hoplias comprises two groups of species: i) the group Hoplias
lacerdae, with nine species — H. lacerdae (Miranda Ribeiro, 1908), H.
brasiliensis (Spix & Agassiz, 1829), H. aimara (Valenciennes, 1847), H.
patana (Valenciennes, 1847 ), H. teres (Valenciennes, 1847), H. intermedius
(Guinther, 1864), H. microlepis (Giinther, 1864), H. macrophthalmus
(Pellegrin, 1907), H. australis (Oyakawa & Mattox, 2009) and H. curupira
(Oyakawa, 2009), ii) the group H. malabaricus, which, based on cytogenetic
and molecular biology studies, has also been considered a complex species
(Jacobina et al., 2011; Marques et al., 2013; Santos et al., 2009; Vitorino et
al., 2011).

Fish parasites are found in larval and/or adult stages, and usually
occur in the digestive tract, musculature, gonads, liver, heart, mesentery
or abdominal cavity (Barros et al., 2007; Virgilio et al., 2020). Some are
zoonotic, may infect humans when fish are ingested raw or undercooked,
and can present serious health consequences (Eiras et al., 2018a). In general,
fish-borne parasitic zoonoses are a major and important part of food-borne
parasitic zoonosis (Eiras et al., 2018b). Although in the past fish-borne
parasites were for the most part limited to populations living in low- and
middle-income countries, the growth in international markets, improved
transportation systems, and population movement (migration) have been
responsible for expanding the geographical limits and populations at risk
(Chai et al., 2005).

With regard to zoonotic fish-borne nematodes, human infection
is caused by the third-stage larvae present in fish, mainly anisakids,
gnathostomids, dioctophymids (Amer, 2014; Argumedo, 2003; Audicana &
Kennedy, 2008; Bunyaratavej et al., 2008; Choi et al., 2009), and capillariid
adults and larvae (Belizario et al., 2000). Several cases of nematodiasis have
been reported in various regions of the world (Adams et al., 1997; Bao et
al., 2017; Chai et al., 2005; Nawa & Nakamura-Uchiyama, 2004; Pal et al.,
2013).

However, despite the fact that the Amazonian population has a high
rate of fish consumption, and that fish native to the region infected with
potential zoonotic nematodes have been reported, namely Contracaecum
spp- (Anisakidae) and Eustrongylides spp. (Dioctophymidae) (Barros et al.,
2007; Eiras et al., 2016; Oliveira et al., 2019) there are no reports of human
infections with these nematodes in the Brazilian Amazon.
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The present study presents data about the prevalence, mean abundance,
and mean intensity of third-stage larvae of the nematodes Contracaecum sp.
Railliet & Henry, 1912 and Eustrongylides sp. Jagerskiold, 1909. The larvae
were recovered from Hoplias aff. malabaricus sampled in the Tapajos River, in
the municipality of Santarém, in the Brazilian Amazon. This fish species occurs
in several South American watersheds and is widely consumed in various
regions of Brazil (Lima et al., 2019). The reasons for no reports of zoonotic
infections transmitted by fish in humans are also discussed, their aspects and
relevance focusing on pathology and public health in the Brazilian Amazon.

MATERIALS AND METHODS

The H. aff. malabaricus specimens were captured/recovered in
marginal lakes of the Tapajos River (2°17°42.42”S 54°47°9.50”W - Quantum
GIS version 3.14.15), in Santarém municipality, in the state of Pard, in the
Brazilian Amazon (Figure 1). The map design was necessary, in order to
visualize the collection point with geo-references in the Brazilian Amazon
specifically in the northern region of Brazil. After fish being euthanized with
analgesic (Clove oil) - 150 mg/L diluted in water - according to Fernandes et al.
(2017), the internal organs were examined with the aid of a stereomicroscope,
and the parasites recovered were fixed in 5% formaldehyde in water or 70%
ethanol.
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Figure 1. Geographic location of the collection points of Hoplias aff.
malabaricus in the Tapajos River, State of Para, in the Brazilian Amazon.
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For the morphological observation, the third-stage larvae were
prepared according to Lacerda et al., (2009), analyzed and photographed
using a light microscopy Zeiss Axioplan equipped with an Axiocam ERc
5s Cam and AxioVision AxioVs 40V4.8.2, and the morphometric data were
analyzed following Thatcher & Brites-Neto (1994). The morphometric data
and features of the larvae were compared with data available from Benigno
et al., (2012), for genus identification.

The ecological terms of prevalence, mean abundance, and mean
intensity were used according to Bush et al., (1997). Using Quantitative
Parasitology 3.0 software, in accordance with Reiczigel et al., (2019).

For scanning electron microscopy (SEM), the Eustrongylides larvae
were fixed in 70% ethanol, washed in PBS, post fixed in 1% osmium tetroxide
(0,0,) solution for 2 h, and washed in PBS. The dehydration was initially
carried out in an ascending ethanol series, and finalized in hexamethyldisilane
(HMDS) modified from Bray et al., (1993). The larvae were placed on a Stub,
coated with gold-palladium, and analyzed under a SEM Leica/Cambridge
Leo Stereoscan S-440 at the Sao Paulo Federal University.

Ethical approval: Sampling and access to genetic heritage was
authorized by the Environment Ministery from Brazil (SISBIO authorizations
# 44268-4 and SisGen # AOA0058). The methodology was approved by the
Research Ethics Committee from Federal University of Sdo Paulo (CEUA
N 2828270219), in accordance with Brazilian Legislation (Federal law No.
11794, dated 8 October 2008).

RESULTS

All 35 H. aff. malabaricus specimens (18 females, 12 males and
5 immature fish, with an average length of 22.6 £ 2 cm and an average
weight of 133.3 + 40 g) were recovered infected naturally with third-stage
nematode larvae. The morphological analysis, based on light and scanning
electron microscopy, showed that these specimens belong to the genera
Contracaecum and Eustrongylides (Figure 2A-C; Table). 1,979 larvae were
recovered, 1,917 identified as Contracaecum sp. and 62 as Eustrongylides
sp. (Figure 2E-G). The larvae of Contracaecum sp. were encysted in the
mesentery, had a prevalence of 100% and a mean abundance and mean
intensity of 54.8 larvae/fish. The larvae of Eustrongylides sp. were found
encysted in musculature and had a prevalence of 62.9%, a mean abundance
of 1.8, and a mean intensity of 2.8 larvae/fish.
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Figure 2. A- Open general cavity of Hoplias aff. malabaricus showing swim
bladder (SB) and liver (LI). B- Contracaecum sp. collected from mesentery
region and C- Eustrongylides sp. collected in musculature. D- Light microscopy
of Contracaecum sp. collected from H. aff. malabaricus anterior region. E-
Light Microscopy of anterior end of Eustrongylides sp. F- Scanning electron
microscopy of anterior region of Eustrongylides sp. G- Scanning electron
microscopy showing in detail the anterior end of Eustrongylides sp.
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Table. Morphometric comparison between third stage larvae of Contracaecum
sp. and Eustrongylides sp. sampled from Hoplias aff. malabaricus.

Contracaecum sp. Eustrongylides sp.

Characteristics

This study Moravec et This study Benigno et al.,

(n=10) al., (1993) (n=10) (2012)
Length 11-32.5 3.89-4.80 60.17-126.20 76.37-153.57
. 0.150-

Width 0.320-0.410 0313 0.650-1.39 -
Nervous ring 181-350 205-225 230-382 250-405
Esophagus® 370-615 537-693 12.53-20.15 16.10-22.5
Esophagus™ 30-90 - 270-680 300-750
Intestinal caccum* 410-700 310-476 240-255 220-260
Intestinal caecumI™ 180-210 - - -
Ventricle® 40-90 24-33 - -
Ventricle 40-120 33-36 - -
Ventricular appendix™ 400-720 510-721 - -

Ventricular appendix" 60-150 - - -

n: number of specimens observed; all measurements are in micrometers, except length
and width (mm). Measurements in millimeters; L = length; W = width; n = number of
specimens measured.

DISCUSSION

The present study showed a high prevalence rate of Contracaecum
sp. and Eustrongylides third-stage larvae in H. aff. malabaricus from the
Brazilian Amazon. In Australia, four fish species were reported infected by
Contracaecum larvae, showing a prevalence and mean intensity of 100% and
12.7 larvae/fish for Aldrichetta forsteri, 81% and 9.8 larvae/fish for Mugil
cephalus, 6% and 1.5 larvae/fish for Sillaginodes puncta, and 4% and 1 larva/
fish for Acanthopagrus butcheri, respectively (Chai et al., 2005; Lymbery et
al., 2002). Our results showed variable prevalence values of Contracaecum
sp. between fish specimens, high in some fish and lower in others, while the
mean intensity was much higher in H. aff. malabaricus specimens. Concerning
Eustrongylides sp. larvae, the data of the present study are much higher than
those observed for Lepomis gibbosus, Micropterus salmoides, and Perca
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Sfluviatilis from northwest Italy, for which prevalences of 18.3%, 16.7%, and

10%, respectively were recorded (Menconi et al., 2020). The mean intensity of
Eustrongylides sp. larvae reported by these authors was also lower, with 1.15,
1 and 1 larvae/fish, respectively, in comparison with 2.8 larvae observed in H.
aff. malabaricus.

There are several reports of Contracaecum sp. and Eustrongylides sp.
larvae infecting specimens of H. aff. malabaricus in Brazil and distinct levels
of prevalence and intensity have been observed (Reis et al., 2017; Rodrigues
et al., 2017; Gido et al., 2020; Gueretz et al., 2020). For the Contracaecum
genus, a prevalence of 100% was reported in Sdo Paulo state, in southeastern
Brazil, but the mean intensity was low, with only 15.5 larvae/fish (Madi & da
Silva, 2005), when compared with the 54.8 larvae/fish of the present study. A
prevalence of 90% and a mean intensity of 5.5 larvae/fish were reported from
Amapa State, in northern Brazil (Oliveira et al., 2018); and a prevalence of
100% and a mean intensity of 77.8 parasites/host were reported in Colombian
fish (Olivero-Verbel et al., 2006). The prevalence of Contracaecum sp. is
not very different from the results obtained in this research concerning the
infection of H. aff. malabaricus. For Eustrongylides sp. larvae, a prevalence
of 44.4% and a mean intensity of 17.3 nematode/fish were reported in H. aff.
malabaricus examined in Rio de Janeiro State, southeastern Brazil (Kuraiem
et al., 2020); a prevalence of 53.8% was found in Maraj6 Island, in northern
Brazil (Benigno et al., 2012), and a prevalence of 33% was found in Mato
Grosso State, in the Brazilian midwest (Barros et al., 2007).

Despite common occurrence and high prevalence, there are few reports
of human infections caused by larvae of Contracaecum sp. and Eustrongylides
sp. around the world (Adams et al., 1997; Benigno et al., 2012; Eberhard &
Ruiz-Tiben, 2014; Narr et al., 1996; Shamsi, 2014; Wittner et al., 1989). In the
Brazilian Amazon, there is currently no medical/scientific literature reporting
human infections by these nematode larvae, although this region has high fish
consumption per-capita values (Begossi et al., 2019). Human infection with
nematodes is known to occur when third-stage larvae are eaten together with
raw, undercooked, or inadequately salted or smoked meat from infected fish. In
such cases, the larvae can penetrate the digestive tract and may invade several
abdominal organs, resulting in various pathological effects, but usually do not
complete their development, meaning that humans represent in most of the
cases an accidental host (Eiras et al., 2016; Magalhaes et al., 2012).

In the case of Contracaecum sp. larvae, the site of infection in the host
fish seems to represent an important biologic barrier for human infection, as
their encapsulation occurs mainly in the viscera and/or mesentery (Corréa et
al., 2015). This makes human ingestion unlikely, and means infection occurs
only accidentally, as these organs are removed before retail/consumption. One
possible form of human infection in such cases would be eating the fish alive,
as traditionally occurs in some regions of the world (Akahane et al., 1998).
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However, larvae ingestion cannot be totally ruled out, as a small number of
Contracaecum sp. larvae may be found in muscles of the host fish. In relation
to Eustrongylides sp., the main larvae infection site is the musculature of the
fish (Barros et al., 2004; Branciari et al., 2016; Melo et al., 2016; Zhokhov
& Pugacheva, 2019) This is the perfect location for a fish-borne zoonotic
nematode, which fundamentally depends on the localization of the infective
larvae (i.e., it should be in edible sites) but also, again, on the habit of eating
raw or undercooked fish (Cavallero et al., 2018; Eiras et al., 2018a).

The direct relationship between the ingestion of raw fish infected
with different nematode larvae of marine and freshwater species and clinical
symptoms has been reported in South America countries for Grathostoma
binucleatum (Eiras et al., 2018a), Gnathostoma spinigerum (Eiras et al.,
2018a), Anisakis sp. (Eiras et al., 2016), (although it is suggested that this
could be Gnathostoma sp.), Anisakis sp. (Knoff et al., 2007) and Dioctophyme
renale (Lisboa, 1945) as well as Contracaecum sp. and Eustrongylides sp.
worldwide (Adams et al., 1997; Eberhard & Ruiz-Tiben, 2014; Narr et al.,
1996; Shamsi & Suthar, 2016; Sonko et al., 2019; Wittner et al., 1989). These
infections are particularly abundant in countries like Peru (Costa et al., 2001)
and Chile (Jofré et al., 2008) where ingesting raw fish is a common practice. It
is interesting to note that for D. renale, a dangerous mammal kidney parasite,
including human, there are a number of fish intermediate hosts described in
Brazil (Abdallah et al., 2012, Mascarenhas et al., 2016), and at least 1,145
cases of reported mammals infected by 14 different host species which act
at definitive hosts in the same country, and a sole case of human infection
described so far (Eiras et al., 2021).

Even with recent cultural changes, which have led to the increased
consumption of raw fish such as sushi, sashimi and ceviche, mainly in large
urban centers in the states of the Brazilian Amazon, there are no reports of
human infections in this region. It is important to stress that in such places, fish
dishes are prepared in accordance with sanitary patterns that prevent/restrict
larvae viability (Barros et al., 2008). Another important point is that, especially
in the case of Eustrongylides sp., the larvae are large and visible during the
preparation of the dishes. In contrast, far from the large cities, where people
usually eat fresh fish, the habit of consuming raw fish is not observed, which
is an important factor in preventing fish-borne zoonotic parasites (Murrieta et
al., 2008).

Despite the high prevalence and intensity of third-stage larvae of
Contracaecum sp. and Eustrongylides sp. found in H. aff. malabaricus and
other fish species in the Brazilian Amazon (Benigno et al., 2012; Melo et al.,
2016; Oliveira et al., 2018; Pinheiro et al., 2019; Virgilio et al., 2020) there
are no reported cases of human infection by nematodes of these genera in this
region.
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The absence of reported human cases of these nematode larvae
in the Brazilian Amazon region, despite the high prevalence/intensity of
Contracaecum sp. and Eustrongylides sp. larvae and the high levels of fish
consumption in the region may be linked to local cultural habits, which do not
include eating raw or undercooked fish. Notwithstanding, this conclusion is
based on the scientific literature. Better knowledge of the situation is possible
with data collection from hospitals, clinics, and medical treatment facilities
in the region. Nevertheless, the authors consider that human cases, if any, are
extremely rare, a finding that seems to be due to the eating habits of the local
population.

ACKNOWLEDGEMENTS

This study was supported by the Coordenag@o de Aperfeicoamento de Pessoal
de Nivel Superior (CAPES), Brazil, and the Fundacdo de Apoio a Estudos e Pesquisa
no Estado do Para — FAPESPA (grant #.06/2015 — Proc. # 88881.160660/2017-01 for
L.L. Corréa). The participation of J.C. Eiras in this study was supported by national
funds through the FCT — Fundagdo para Ciéncia ¢ Tecnologia, within the scope of
UIDB/04423/2020 and UIDP/04423/2020 for the Programa de Pos-Graduagdo em
Biodiversidade Tropical (PPGBio). M.S.B. Oliveira was supported by a doctoral
CAPES scholarship Finance Code 88882.430002/2019-01. E. A. Adriano received a
research productivity grant from the Conselho Nacional de Desenvolvimento Cientifico
e Tecnologico CNPq (grants # 304687/2020-0).

CONFLICT OF INTEREST

The authors have no competing interests to declare.

REFERENCES

1. Abdallah VD, Azevedo RK, Carvalho ED, Silva RJ. New hosts and distribution records for
nematode parasites os freshwater fishes from Sao Paulo, Brazil. Neotrop Helminthol 6: 43-57,
2012.

2. Adams AM, Murrell KD, Cross J. Parasites of fish and risks to public health. Rev Sci Tech
I’OIE 16: 652-660, 1997.

3. Akahane H, Sano M, Kobayashi M. Three cases of human Gnathostomiasis caused by
Gnathostoma hispidum, whith particular reference to the indentification of parasitic tarvae.
Southeast Asian J Trop Med Public Health 29: 611-614, 1998.

4. Amer OSA. The Impact of fish parasites on human health: Review Atrticle. J Egypt Soc
Parasitol 44: 249-274, 2014.

5. Argumedo RL. La gnatostomiasis en México: un problema de salud publica. An Inst Biol Se
Zool 74: 99-103, 2003.

6. Audicana MT, Kennedy MW. Anisakis simplex: from obscure infectious worm to inducer of
immune hypersensitivity. Clin Microbiol Rev 21: 360-379, 2008.

158 J Trop Pathol Vol. 50 (2): 150-162. apr-jun. 2021



—_
—_

12.

13.

14.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

. Bao M, Pierce GJ, Pascual S, Gonzalez-Mundz M, Mattiucci S, Mladineo I, Cipriani P,

Buseli¢ I, Strachan NJC. Assessing the risk of an emerging zoonosis of worldwide concern:
Anisakiasis. Sci Rep 7: 1-17,2017.

. Barros LA, Moraes Filho J, Oliveira RL. Larvas de nematdides de importancia zoondtica

encontradas em trairas (Hoplias malabaricus Bloch, 1794) no municipio de Santo Antonio do
Leverger, MT. Arq Bras Med Vet Zootec 59: 533-535,2007.

. Barros LA, Sigarini CO, Pinto PR. Resistence of Contracaecum sp. larvae under low

temperature. Rev Bras Ci Vet 15: 143-145, 2008.

. Barros LA, Tortelly R, Pinto RM, Gomes DC. Effects of experimental infections with larvae

of Eustrongylides ignotus Jaegerskiold, 1909 and Contracaecum multipapillatum (Drasche,
1882) Baylis, 1920 in rabbits. Arq Bras Med Vet Zootec 56: 325-332, 2004.

. Begossi A, Salivonchyk SV, Hallwass G, Hanazaki N, Lopes PFM, Silvano RAM, Dumaresq

D, Pittock J. Fish consumption on the Amazon: a review of biodiversity, hydropower and food
security issues. Brazilian J Biol 79: 345-357, 2019.

Belizario VY, de Leon WU, Esparar DG, Galang JM, Fantone J, Verdadero C. Compostela
Valley: A new endemic focus for capillariasis Philippinensis. Southeast Asian J Trop Med
Public Health 31: 478-481, 2000.

Benigno RNM, Sao Clemente SC, Matos ER, Pinto RM, Gomes DC, Knoff M. Nematodes
in Hoplerytrinus unitaeniatus, Hoplias malabaricus and Pygocentrus nattereri (pisces
Characiformes) in Marajo Island, Brazil. Rev Bras Parasitol Vet 21: 165-170, 2012.

Branciari R, Ranucci D, Miraglia D, Valiani A, Veronesi F, Urbani E, Vaglio G LO, Pascucci
L, Franceschini R. Occurrence of parasites of the genus Eustrongylides spp. (Nematoda:
Dioctophymatidae) in fish caught in Trasimeno lake, Italy. /tal J Food Saf'5: 3-6, 2016.

. Bray DF, Bagu J, Koegler P. Comparison of hexamethyldisilazane (HMDS), Peldri II, and

critical-point drying methods for scanning electron microscopy of biological specimens.
Microsc Res Tech 26: 489-495, 1993.

Bunyaratavej K, Pongpunlert W, Jongwutiwes S, Likitnukul S. Spinal gnathostomiasis
resembling an intrinsic cord tumor/myelitis in a 4-year-old boy. Southeast Asian J Trop Med
Public Health 39: 800-803, 2008.

Bush AO, Lafferty KD, Lotz JM, Shostak AW. Parasitology meets ecology on its own terms:
Margolis et al. revisited. J Parasitol 83: 575-583, 1997.

Cavallero S, Martini A, Migliara G, de Vito C, Lavicoli S, D’Amelio S. Anisakiasis in Italy:
Analysis of hospital discharge records in the years 2005-2015. PLoS One 13: 1-11, 2018.
Chai J, Murrell KD, Lymbery AJ. Fish-borne parasitic zoonoses: Status and issues. Int J
Parasitol 35: 1233-1254, 2005.

Choi YH, Cho SY, Joo M, Rye JS, Cho IR. Malignant fibrous histiocytoma in renal pelvis
found after excretion of Dioctophyma renale at Voiding. J Korean Soc Urin Tract Infect 4:
235-239, 2009.

. Corréa LL, Bastos LAD, Ceccarelli PS, dos Reis NS. Hematological and histopathological

changes in Hoplias malabaricus from the Sao Francisco River, Brazil caused by larvae of
Contracaecum sp. (Nematoda, Anisakidae). Helminthol 52: 96-103, 2015.

Costa AH, Bravo PF, Valdez L, Levy SY, Sordo C, Magill F, Gamarra R, Poggi ML. Paniculitis
nodular migratoria eosinofilia en el Pert. (Gnathostomiasis humana). Informe de once casos,
posibles causas y revision de la literatura. Folia Dermatol Peruana 12: 21-35,2001

Eberhard ML, Ruiz-Tiben E. Case report: Cutaneous emergence of Eustrongylides in two
persons from South Sudan. Am J Trop Med Hyg 90: 315-317, 2014.

Eiras JC, Pavanelli GC, Takemoto RM, Nawa Y. Fish-borne nematodiases in South America:
neglected emerging diseases. J Helminthol 92: 649-654, 2018a.

J Trop Pathol Vol. 50 (2): 150-162. apr-jun. 2021 159



25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

Eiras JC, Pavanelli GC, Takemoto RM, Nawa Y. An overview of fish-borne nematodiases
among returned travelers for recent 25 years - unexpected diseases sometimes far away from
the origin. Korean J Parasitol 56: 215-227, 2018b.

Eiras JC, Pavanelli GC, Takemoto RM, Yamaguchi MU, Karkling LC, Nawa Y. Potential risk
of fish-borne nematode infections in humans in Brazil - Current status based on a literature
review. Food Waterborne Parasitol 5: 1-6, 2016.

Eiras J, Zhu X-Q, Yurlova N, Pedrassani D, Yoshikawa M, Nawa Y, Dioctophyme renale
(Goeze, 1782) (Nematoda, Dioctophymidae) parasitic in mammals other than humans: A
comprehensive review. Parasitol Int 81: 102269, 2021.

Fernandes IM, Bastos YF, Barreto DS, Lourengo LS, Penha JM. The efficacy of clove oil as
an anaesthetic and in euthanasia procedure for small-sized tropical fishes. Braz J Biol 77: 444-
450, 2017.

Gido T, Pelegrini LS, Azevedo RK, Abdallah VD. Biodiversity of parasites found in the trahira,
Hoplias malabaricus (Bloch, 1794), collected in the Batalha River, Tieté-Batalha drainage
basin, SP, Brazil. An Acad Bras Cienc 92: ¢20180610, 2020.

Gueretz JS, Senger SB, Claus MP. Ocorréncia de Ithyoclinostomum sp. e Eustrongylides sp.,
parasitos de Hoplias aff. malabaricus Bloch, 1794 (Characiformes: Erythrinidae), no litoral de
Santa Catarina, Brasil. Braz J Develop 6: 21565-21575, 2020.

. Jacobina UP, Paiva E, Dergam JA. Pleistocene karyotypic divergence in Hoplias malabaricus

(Bloch, 1794) (Teleostei: Erythrinidae) populations in southeastern Brazil. Neotrop Ichthyol 9:
325-333,2011.

Jofré M, Neira OP, Noemi HI,Cerva JLC. Pseudoterranovis y sushi. Rer Chil Infectol 25: 200-
206, 2008.

Knoff M, Sao Clemente SC, Fonseca MCG, Andrada CDG, Padovani RES, Gomes DC.
Anisakidae parasitos de congro-rosa, Genypterus brasiliensis Regan, 1903 comercializados no

estado do Rio de Janeiro, Brasil de interesse na satde publica. Parasitol latinoam 62: 127-133,
2007.

Kuraiem BP, Knoff M, Telleria EL, Fonseca MCG, Machado LS, Cunha NC, Nascimento
ER, Fontenelle G, Gomes DC, Sdo Clemente SC. Eustrongylides sp. (Nematoda,
Dioctophymatoidea) parasitizing Hoplias malabaricus (Actinopterygii: Erythrinidae)
collected from the state of Rio de Janeiro, Brazil. Rev Bras Parasitol Vet 29: ¢014519, 2020.
Lacerda ACF, Santin M, Takemoto RM, Pavanelli GC, Bialetzki A, Tavernari FC. Helminths
parasitizing larval fish from Pantanal, Brazil. J Helminthol 83: 51-55, 2009.

Lima F, Pozza A, Lehmann P. Contracaecum spp. (Nematoda: Anisakidae) and Eustrongylides
spp. (Nematoda: Dioctophymatidae) nematode larvae with zoonotic potencial found in two
fish species from Tramandai river basin, southern Brazil. Bol Inst Pesca 45: €495, 2019.
Lisboa A. Estrongilose renal humana. Bras Med 13: 23-24, 1945.

Lymbery AJ, Doupé RG, Munshi MA, Wong T. Larvae of Contracaecum sp. among inshore
fish species of southwestern Australia. Dis Aquat Org 51: 157-159, 2002.

Madi RR, da Silva MSR. Contracaecum Railliet & Henry, 1912 (Nematoda, Anisakidae): o
parasitismo relacionado a biologia de trés espécies de peixes piscivoros no reservatorio do
Jaguari, SP. Zoociéncias 7: 15-24, 2005.

Magalhaes AMS, de Costa BS, Tavares GC, de Carvalho SIG. Zoonoses parasitarias
associadas ao consumo de carne de peixe cru. Pubvet 6: 1035-1039, 2012.

Marques DF, Santos FA, Silva SS, Sampaio I, Rodrigues LRR. Cytogenetic and DNA
barcoding reveals high divergence within the trahira, Hoplias malabaricus (Characiformes:
Erythrinidae) from the lower Amazon River. Neotrop Ichthyol 11: 459-466, 2013.

160 J Trop Pathol Vol. 50 (2): 150-162. apr-jun. 2021



42.

43.

44,

45.

46.

47.

48.
49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

Mascarenhas CS, Henzel ABD, Corréa F, Robaldo RB, Miiller G. Third-stage larvae of
Dioctophyme renale (Goeze, 1782) (Nematoda: Enoplida) in Hoplosternum littorale (Hancock,
1828) (Siluriformes: Callichthyidae) from Southern Brazil. Neotrop Helminthol 10: 135-138,
2016.

Melo FTV, CSB, LCS, Giese EG, Furtado AP, Santos JN. Morphological characterization
of Eustrongylides sp. larvae (Nematoda, Dioctophymatoidea) parasite of Rhinella marina
(Amphibia: Bufonidae) from Eastern Amazonia. Rev Bras Parasitol Vet 25: 235-239, 2016.

Menconi V, Riina MV, Pastorino P, Mugetti D, Canola S, Pizzul E, Bona MC, Dondo A, Acutis
PL, Prearo M. First Occurrence of Eustrongylides spp. (Nematoda: Dioctophymatidae) in a
Subalpine Lake in Northwest Italy: New Data on Distribution and Host Range. Int J Environ
Res Public Health 17: 4171, 2020.

Murrieta RSS, Bakri MS, Adams C, Oliveira PSDS, Strumpf R. Food intake and ecology of

riverine populations in two Amazonian ecosystems: A comparative analysis. Rev Nutr 21: 123-
133, 2008.

Narr LL, O’Donnell JG, Libster B, Alessi P, Abraham D. Eustrongylidiasis - A parasitic
infection acquired by eating live minnows. J Am Osteopath Assoc 96: 400-402, 1996.

Nawa Y, Nakamura-Uchiyama F. An overview of gnathostomiasis in the world. Southeast
Asian J Trop Med Public Health 35: 87-91, 2004.

Nelson JS. Fishes of the World, 4th Edition, Wiley-Interscience, New York, 2006. p.624.

Oliveira MSB, Corréa LL, Ferreira DO, Tavares-Dias M. Larvas de nematoides de potencial
zoondtico infectando peixes carnivoros do baixo Rio Jari, no Norte do Brasil. Biota Amaz 9:
50-52,2019.

Oliveira MSB, Corréa LL, Prestes L, Neves LR, Brasiliense ARP, Ferreira DO, Tavares-
Dias M. Comparison of the endoparasite fauna of Hoplias malabaricus and Hoplerythrinus

unitaeniatus (Erythrinidae), sympatric hosts in the eastern Amazon region (Brazil). He/minthol
55:157-165, 2018.

Olivero-Verbel J, Baldiris-Avila R, Giiette-Fernandez J, Benavides-Alvarez A, Mercado-

Camargo J, Arroyo-Salgado B. Contracaecum sp. infection in Hoplias malabaricus (moncholo)
from rivers and marshes of Colombia. Vet Parasitol 140: 90-97, 2006.

Pal M, Seid H, Giro B, Abdo B. Gnathostomiasis - An Emerging Nematodal Zoonotic Disease.
Int J Livest Res 3: 12-16, 2013.

Pinheiro RHDS, Furtado AP, dos Santos JN, Giese EG. Contracaecum larvae: Morphological
and morphometric retrospective analysis, biogeography and zoonotic risk in the amazon. Rev
Bras Parasitol Vet 28: 12-32, 2019.

Reiczigel J, Marozzi M, Fabian I, Rozsa L. Biostatistics for parasitologists - A primer to
quantitative parasitology. Trends Parasitol 35: 277-281, 2019.

Reis T, Santos H, Barbosa S, Peixoto T, Maruo V, Paiva F, Sato M. Hoplias aff. malabaricus
Bloch, 1794 (Characiformes: Erythrinidae) parasites. Arq Inst Biol 84: 1-5, 0282016, 2017.
Rodrigues LC, Santos ACG, Ferreira EM, Teofilo TS, Pereira DM, Costa FN. Parasitologic
aspects of traira (Hoplias malabaricus) from the Sao Bento city, MA. Arg Bras Med Vet Zootec
69:264-268, 2017.

Santos UC, Volcker M, Belei FA, Cioffi MB, Bertollo LAC, Paiva SR, Dergam JA. Molecular
and karyotypic phylogeography in the Neotropical Hoplias malabaricus (Erythrinidae) fish in
eastern Brazil. J Fish Biol 75: 2326-2343, 2009.

Shamsi S. Recent advances in our knowledge of Australian anisakid nematodes. /nt J Parasitol
Parasites Wildl 3: 178-187, 2014.

Shamsi S, Suthar J. A revised method of examining fish for infection with zoonotic nematode
larvae. Int J Food Microbiol 227: 13-16, 2016.

J Trop Pathol Vol. 50 (2): 150-162. apr-jun. 2021 161



60. Sonko P, Chih-Cheng Chen S, Chou CM, Huang YC, Hsu SL, Baré¢ak D, Oros M, Fan CK.
Multidisciplinary approach in study of the zoonotic Anisakis larval infection in the blue
mackerel (Scomber australasicus) and the largehead hairtail (7richiurus lepturus) in Northern
Taiwan. J Microbiol Immunol Infect 55: 1021-1029, 2019.

61. Thatcher Vernon E, Brites-Neto JB. Diagnostico, prevengao e tratamento das enfermidades de
peixes Neotropicais de agua doce. Rev Bras Med Vet 16: 111-128, 1994.

62. Virgilio LR, Oliveira MSB, Takemoto RM, Camargo LMA, Meneguetti DU de O. Helmintos
com potencial Zoonoético em peixes Amazonicos In: Atualidades Em Medicina Tropical No
Brasil: Interdisciplinaridades. Ed Stricto Sensu: 2020: p.12-35.

63. Vitorino CA, Souza LI, Rosa JN, Valente GT, Martins C, Venere PC. Molecular cytogenetics
and its distribution to the understanding of the chromosomal diversification in Hoplias
malabaricus (Characiformes). J Fish Biol 78: 1239-1248, 2011.

64. Wittner M, Turner JW, Jacquette G, Ash LR, Salgo MP, Tanowitz HB. Eustrongylidiasis: a
parasitic infection acquired by eating sushi. N Engl J Med 320: 1124-1126, 1989.

65. Zhokhov AE, Pugacheva MN. First Record of Eustrongylides excisus (Dorylaimea:
Dioctophymatidae) in Fish of the Rybinsk Reservoir. Russ J Biol Invasions 10: 325-327,2019.

162 J Trop Pathol Vol. 50 (2): 150-162. apr-jun. 2021



