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Abstract

Hoplias malabaricus (Characiformes, Erythrinidae), trahira, is a neotropical freshwater fish of
economic and public health significance. A total of 45 specimens of H. malabaricus commercialized in
the municipality of Magé, state of Rio de Janeiro, Brazil, were acquired between April 2016 and April
2018 to investigate the presence of nematode larvae. Twenty of the fish were found parasitized by
347 fourth-stage nematode larvae identified taxonomically as Eustrongylides sp. using morphological,
morphometric and molecular data. The parasitic indices were: prevalence 44.44%, mean intensity
17.35, mean abundance 7.71, and range of infection 2-40. Infection sites were musculature,
mesentery, abdominal cavity, and serosa of intestine, stomach and liver. This is the first report of
Eustrongylides sp. larvae parasitizing H. malabaricus in the state of Rio de Janeiro.
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Resumo

Hoplias malabaricus (Characiformes, Erythrinidae), traira, € um peixe neotropical de agua doce que
tem significante impacto na economia e saude publica. De abril de 2016 a abril de 2018, foram
adquiridos 45 espécimes de H. malabaricus comercializados no municipio de Magé, Estado do Rio de
Janeiro, Brasil. Os peixes foram necropsiados e filetados para investigacdo da presenca de larvas de
nematoides. Vinte dos peixes coletados estavam parasitados por 347 larvas de nematoides,
identificadas taxonomicamente como larvas de quarto estagio de Eustrongylides sp. usando-se dados
morfolégicos, morfométricos e moleculares, apresentando os seguintes valores: prevaléncia de
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44,44%, intensidade média de 17,35, abundéncia média de 7,71, e amplitude de variacdo da infeccdo
de 2-40. Os sitios de infeccdo foram musculatura, mesentério, cavidade abdominal e serosas do
intestino, estdmago e figado. Este é o primeiro registro de larvas de Eustrongylides sp. parasitando H.
malabaricus no Estado do Rio de Janeiro.

Palavras-chave: Eustrongylides sp., Nematoide, Hoplias malabaricus, Brasil.

Hoplias malabaricus (Bloch, 1794), trahira, is a nocturnal neotropical fish that occurs in
Central and South American freshwater ecosystems (GODOY, 1975; OYAKAWA, 2003). It is
an agile and voracious predator that attacks a wide variety of fish species, consequently
creating favorable conditions for the maintenance and spread of parasites in the aquatic
environment (BARROS et al., 2007; MONTENEGRO et al., 2013). The species is appreciated
and well accepted by consumers, and has good fillet yield, lean meat and high nutritional
value, mainly in relation to protein, and thus has economic and public health significance
(SANTOS et al., 2001). The definitive hosts of nematodes of the genus Eustrongylides are
piscivorous birds, while their larvae infect oligochaetes, fish and occasionally amphibians
and reptiles (MORAVEC, 1998; COLE, 1999). According to Barros et al. (2004), humans may
become accidental hosts after ingesting raw or undercooked infected fish, and may
develop gastritis and intestinal perforation, resulting in severe abdominal pain and
potential surgical removal of the larvae (KNOFF & GOMES, 2012; MITCHELL et al., 2009).
Human infection by Eustrongylides spp. has been reported in the USA and South Sudan
(EBERHARD et al., 1989; EBERHARD & RUIZ-TIBEN, 2014; GUERIN et al., 1982; GUNBY, 1982;
WITTNER et al., 1989; NARR et al., 1996). There are no records of this parasitism of humans
in Brazil, although the possibility cannot be ruled out because these nematodes have been
recorded in several species of freshwater fish in many states of the country (BARROS et al.,
2006; BENIGNO et al., 2012; EIRAS et al.,, 2010; RODRIGUES et al., 2015; TAVARES et al.,
2017). Infection of H. malabaricus by larval Eustrongylides sp. has been reported in the
Brazilian states of Para, Maranhao, Rond6nia, Mato Grosso and Sdo Paulo (REGO & EIRAS,
1988; REGO & VICENTE, 1988; BARROS et al., 2007; MARTINS et al., 2009; BENIGNO et al.,
2012; MENEGUETTI et al., 2013; RODRIGUES et al., 2017). This infection has yet to be
documented in the state of Rio de Janeiro. The aim of the present study was to assess the
presence of nematode larvae parasitizing H. malabaricus in the municipality of Magé, state
of Rio de Janeiro, Brazil. Encountered nematode species were identified using
morphological and morphometric characters, and their parasitic indices calculated and
infection sites recorded.

From April 2016 to April 2018, a total of 45 specimens of H. malabaricus (total length 13-
46 cm, 24.84 cm + 7.52; weight 25-1,110 g, 220.26 g + 230.37) were acquired from local
artisanal fishermen in the municipality of Magé, state of Rio de Janeiro, Brazil (22°39'10" S;
43°02'26" W). The fish were transported in isothermal boxes to the laboratory where they
were kept in a freezer until necropsy. The fish were identified in accordance with Godoy
(1975). Internal organs and musculature were examined and all Eustrongylides specimens
found were placed in Petri dishes with 0.65% NaCl solution. Specimens were fixed in AFA
(ethanol, formalin, and acetic acid); preserved in 70% ethanol, 5% glycerinated; and clarified
with Aman’s Lactophenol, according to Knoff & Gomes (2012). Taxonomic classification of
nematodes followed De Ley & Blaxter (2002), while morphological identification relied on
Measures (1988a, b) and Moravec (1998). Samples were analysed with an Olympus BX 41
bright-field microscope. Measurements are given in micrometers (um) with averages in
parentheses, unless otherwise indicated. Some specimens were prepared for scanning
electron microscopy (SEM) as described by Lopes Torres et al. (2013). The samples fixed in
70% ethanol were dehydrated in an ethanol series (70% to 100%) followed by CO, critical
point drying. They were then coated in gold, examined and photographed using a JEOL JSM-
6390 LV scanning electron microscope under 15 kV acceleration voltage in the Plataforma
de Microscopia Eletronica Rudolf Barth (IOC-Fiocruz). The parasitic indices of prevalence,
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mean intensity, mean abundance and range of infection were obtained as described by
Bush et al. (1997). Representative specimens of nematodes were deposited in the
Helminthological Collection of the Oswaldo Cruz Institute (CHIOC), Rio de Janeiro, Brazil.
One specimen of Eustrongylides sp. recovered from a specimen of H. malabaricus was
analyzed genetically. The specimen was placed in phosphate-buffered saline (PBS) and
frozen in a microtube at -20°C. The sample was then deposited in liquid nitrogen and
crushed with a sterile micropestle prior to DNA extraction using a MasterPure DNA
purification kit (Epicentre, Madison, Wisconsin, USA). The DNA was amplified using a
conventional polymerase chain reaction (PCR). The primers 18SF (5-
TTGGATGATTCGGTGAGGT- 3') and 28SR (5" ~AACCGCTTAGTAATATGCT- 3') were used to
amplify the internal transcribed spacer (ITS) rDNA region (XIONG et al., 2013). PCR was
carried out in a final volume of 50 pl containing a mixture of 2 pl of DNA isolate, 1.25 U of
Taq polymerase (Platinum Tag DNA Polymerase, Thermo Fisher Scientific, Waltham,
Massachusetts, USA), 1x PCR buffer (10 millimolar [mM] of Tris-HCl, pH 8.0; and 50mM of
KCl), 2- mM of MgCl,, 0.2 mM of deoxynucleoside triphosphate (ANTP) mixture and 0.2mM
of forward and reverse primers. A negative control (ultrapure water) was included in the
PCR reaction. The amplification of parasite DNA was performed using a PTC-100® (Bio-
RadLaboratories, Ltd., Hertfordshire, UK) following the cycle of the primers (XIONG et al.,
2013). The PCR products were stained using GelRed™ and were viewed by means of
electrophoresis on a 1.5% agarose gel. Amplicons of expected size were purified by means
of the Wizard SV Genomic DNA Purification System (Promega™). Forward and reverse
nucleotide sequences were determined using a DNA sequence analyzer (ABI3730xlv;
Thermo Fisher Scientific, Waltham, Massachusetts, USA). Partial Eustrongylides sp. internal
transcribed spacer (ITS) rDNA gene sequences (R] isolate) were trimmed for quality and
assembled in contigs with CLC Main Workbench software, version 7.6.4 (Qiagen, Aarhus
A/S, Denmark). The resulting consensus sequences were used as query for nucleotide
BLAST analysis against the NCBI database in order to determine similarity to species of the
nematode genus Eustrongylides (ALTSCHUL et al., 1990). Closely related ITS rDNA gene
sequences from other organisms were selected from GenBank (BENSON et al., 2015) and
were used in multiple alignments together with sequences from Trichuris skrjabini, T.
discolor and T. trichiura chosen as outgroups. Regions that could not be unambiguously
aligned due to length variation were excluded from the analysis. All sequence analyses and
multiple alignments were performed using the CLC Main Workbench software. A
phylogram was generated using ITS rDNA sequences in MEGA 6.06 software
(TAMURA et al., 2013). Evolutionary history was predicted using the Maximum Likelihood
method and the Kimura 2-parameter model (KIMURA, 1980), applying Neighbor-Join and
BioNJ algorithms to a matrix of pairwise distances estimated using the Maximum
Composite Likelihood (MCL) approach. Bootstrap testing was performed with 4000
replicates.

A total of 347 fourth-stage larvae of Eustrongylides sp. were collected from
H. malabaricus; 277 from musculature, three from stomach serosa, 14 from intestinal
serosa, 13 from liver serosa, 10 from mesentery and 30 from the abdominal cavity. Most
of the larvae were within round capsules entwined in musculature with the exception of
some free larvae found in the abdominal cavity. The nematodes were taxonomically
identified as follows: Dioctophymatida Baylis & Daubney, 1926; Dioctophymatina Skrjabin,
1927; Dioctophymatidae Castellani & Chalmers, 1910; Eustrongylinae Chitwood &
Chitwood, 1937; Eustrongylides Jagerskiold, 1909; Eustrongylides sp. fourth-stage larvae
(Figures 1, 4). The main morphological characters observed in 10 fourth-stage larvae from
H. malabaricus: Large nematodes. Long body with thinner ends. Bright red in color. Thin
cuticle with transverse striations particularly marked at the ends. Cephalic end conical with
12 labial papillae arranged in two circles (inner and outer) of six papillae each, including
two lateral, two subventral and two subdorsal. Inner and outer papillae almost equal in
size. Inner papillae with narrow bases and spine-like apices. Outer papillae with wide bases
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and nipple-like apices. Lateral labial papillae of both circles more anterior than subventral
and subdorsal labial papillae. Four small flat papillae present between inner and outer
circles of labial papillae, with variable position. Small flat ventral papilla present between
two outer subventral labial papillae. Somatic papillae present in one row in each lateral
field from the anterior to the posterior end, becoming proximate to one another at the
ends of the larva. Flat caudal papillae in dorsal and lateral fields, numerous and variable in
number and position. Narrow buccal cavity. Mouth variable in shape, usually a
dorsoventral slit. Long glandular oesophagus. Nerve ring shortly after oesophagus-buccal
cavity junction. Male: developed caudal sucker with a small cuticular edge around the
perimeter. The genital primordium of male larvae consists of four regions. A thick-walled
genital tube (ejaculatory duct) with circular muscles extends anteriorly from the rectum,
generally looping several times. Wide genital tube, consisting of longitudinal and circular
muscles (seminal vesicle), ends shortly before the genital tube narrows and its wall
thickens. The genital tube extends further anteriorly and the walls became thin a small or
imperceptible lumen; the tube lacks muscles (vas efferens). The genital tube then curves
posteriorly near the oesophageal-intestinal junction and after a short distance expands
into a large, thin-walled, hologonic testis with a blunt terminus. The spicule is incompletely
sclerotized. The dorsal wall of the posterior part of the rectum has small, posteriorly-
directed spiny projections. Female: the genital primordium of female larvae consists of four
regions. A thick-walled vagina consisting of cuboidal epithelium and circular muscles with
an inner cuticular layer. Wide genital tube and the lumen narrows (uterus). The genital tube
consists of circular muscles and a small or imperceptible lumen extends further anteriorly
(oviduct). The genital tube curves posteriorly and expands into a large, thin-walled
hologonic ovary with a tapered terminus. The genital tube of male and female larvae is
supported by a well-developed process to the body wall. Numerous small papillae, some
bifid or trifid distally, are present in small groups on the posterior extremity of male and
female fourth-instar larvae. Three cuticles are visible on these fourth-instar larvae the outer
and middle cuticles of second and third-stages, respectively, and the inner cuticle of fourth-
stage. Morphometric data are shown in Table 1. The parasitic indices, as well as the
infection sites and the deposit number at CHIOC are provided in Table 2.

Figures 1-3. Fourth-instar larvae of Eustrongylides sp. from H. malabaricus. 1. Cephalic end of female
larva, lateral view. Shown are three cuticle layers, L2, L3 and L4, inner papillae (ip), outer papillae (op),
flat papillae (fp), buccal cavity (bc), oesophagus (oe) and nerve ring (nr). 2. Caudal end of male larva,
ventral view. Shown three cuticle layers, L2, L3 and L4, ejaculatory duct (ed), rectum (r) and anus (a).
3. Caudal end of female larva, lateral view. Shown three cuticle layers, L2, L3 and L4, vulva (v) and anus
(a). Scale bar =200 pym.
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Figures 4-5. Scanning electron micrographs of the cephalic end of a fourth-instar larva of

Eustrongylides sp. from H. malabaricus. 4. Apical view. 5. Ventro-lateral view. Shown inner papillae (ip),
outer papillae (op), flat papillae (fp), ventral papilla (vp) and mouth (m). Scale bars of 4 and 5 = 40 ym.

Table 1. Morphometric data of fourth-stage larvae of the Eustrongylides sp. collected from Hoplias
malabaricus (Bloch, 1794) from municipality of Magé, state of Rio de Janeiro, Brazil.

Female (n =4) Male (n = 6)
Body length (mm) 76.37 - 153.57 (105.22) 57.70 - 136.90 (84.58)
Nerve ring” 240 - 315(291.25) 250 - 405 (287.50)
Width at nerve ring 300 - 570 (381.25) 270 - 750 (377.50)
Width at oesophageal-intestinal junction 594.60 - 975 (714) 510-875(611)
Oesophagus length (mm) 16.10 - 20.15 (17.84) 12.15-22.5(16.05)
Rectum™ 250 - 255 (251.60) 220 - 260 (236)
Width at posterior end 309.60 - 425 (356.90)  233.90 - 400 (328.41)

*Distance from anterior end;

**Distance from posterior end; n = number of measured specimens. Measurements are in micrometres unless
indicated otherwise.

Table 2. Parasitic indices of prevalence (P), mean intensity (MI), mean abundance (MA), range of infection (RI), sites of infection
(SI) and deposit numbers in the Helminthological Collection of the Oswaldo Cruz Institute (CHIOC) of Eustrongylides sp. fourth-
stage larvae from Hoplias malabaricus commercialized in the municipality of Magé, state of Rio de Janeiro, Brazil.

P (%) Ml MA RI SI CHIOC

Eustrongylides
sp.

38591, 38592,
M, St, I, L, Me, 38593, 40062,

44.44 17.35 7.71 2-40 Ac 40063, 40064,

40065, 40066

M = musculature; St = serosa of stomach; | = serosa of intestine; L = serosa of liver; Me = mesentery; Ac = abdominal cavity.

Braz ] Vet Parasitol 2020; 29(1): e014519

Three additional unpublished specimens of Eustrongylides sp. fourth-stage larvae
parasitizing H. malabaricus in the state of Rio de Janeiro were found deposited at CHIOC.
The first was deposited by Carlos Moreira in July 07, 1917, collected at the locality of Quinta
da Boa Vista, municipality of Rio de Janeiro (CHIOC 8500) and identified by Lauro P.
Travassos; the other two were deposited by Evaldete Ferraz de Oliveira on April 13, 1983,
and December 20, 1983, both collected from the locality of Rio da Guarda, municipality of
Itaguai (CHIOC 32263 and 32267) and identified by Evaldete F. Oliveira and José Felipe R.
Amato in 1984. These specimens notwithstanding, the present paper is the first published
report of H. malabaricus being parasitized by Eustrongylides sp. larvae in the state of Rio de
Janeiro.

Comparison of the sequence of the one specimen used to amplify partial ITS rDNA
sequences (879 nucleotides, GenBank MK650418) with the same gene sequences available
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in the GenBank database revealed that the ITS rDNA sequences are 77% to 81% similar to ITS
rDNA of other Eustrongylides spp. The phylogram generated (Figure 6) using sequences from
Eustrongylides spp. shows that the parasite in the Rio de Janeiro isolate (present work) groups
with other Eustrongylides spp. isolates, but in a separate sub-branch.

The nematodes identified as fourth-stage larvae of Eustrongylides sp. in the present study
morphologically resemble those previously recorded as fourth-stage larvae of E. tubifex (Nitzsch
in Rudolphi, 1819) Jagerskiold, 1909, collected from Ambloplites rupestris (Rafinesque, 1817) and
Lepomis gibbosus (Linnaeus, 1758) from Canada, experimentally infected by Measures (1988b);
and fourth-stage larvae of E. jgnotus Jagerskiold, 1909, collected from Monopterus albus (Zuiew,
1793), from Hubei Province, China, by Xiong et al. (2009) and collected from Gambusia affinis
(Baird & Girard, 1853), by Coyner et al. (2002). Although the largest specimens of the present
study are larger than the specimens reported by Measures (1988b) (female = 69.5 [45.1-83.4]
and male = 55.1 [32.2-66.0]) and Xiong et al. (2009) (female = 52.6 [42-65] and male = 45 [40-
54]), this may be due to a smaller size range of specimens collected by these authors. This,
therefore, reinforces Measures (1988b), Coyner et al. (2002) and Moravec (1998), who reported
that the fourth-stage larvae of Eustrongylides spp. could not be identified to the species level by
morphological and morphometric characteristics alone, unless there was an experimental
infection in a definitive host (aquatic birds) to obtain an adult nematode. The Eustrongylides sp.
larvae encountered in the present study were identified as fourth-stage by size, number of
cuticles (three) and having a well-developed reproductive system, as observed by Measures
(1988b), Coyner et al. (2002) and Xiong et al. (2009). Although they did not measure larval
structures, Rego & Vicente (1988) reported a larvae body length for larvae (50-133 mm)
collected from H. malabaricus from the Cuiaba river, state of Mato Grosso, Brazil, within the
range reported here (76.37 - 153.57 mm).

In spite of the few ITS gene regions available for nematode species of relevance to fish
parasitology, the ITS sequence of the present study was found to be similar to other
Eustrongylides spp. isolates reported by Xiong et al. (2013), while sequences of Capilllarinae
and Trichuris formed an outergroup (Figure 6). The phylogenetic analysis performed with
ITS rDNA multiple alignment supported its taxonomic position within the Eustrongylides
spp. group. Identification to species level using molecular data has not yet to be developed,
and so the combination of morphological and molecular analyses presented here provide
that the nematode belongs to genus Eustrongylides.

The present study showed a prevalence of Eustrongylides sp. on H. malabaricus (P = 44.44%) is
smaller than related in North Region of Brazil by Benigno etal. (2012) (P = 53.85%) and by
Meneguetti etal. (2013) (P = 93.3%). Interestingly, Benigno etal. (2012) and Meneguetti et al.
(2013)found, as in the present study, that the majority of larvae (80%) were in musculature, which
represents an increased risk of human infection. This is true even given that larvae of
Eustrongylides sp. are large, since they were found winding inside fish musculature, which could
hinder visualization.
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Eustrongylides sp. 57XF-2009 [GQ215555]
Eustrongylides sp. 52XF-2009 [GQ215550]
Eustrongylides sp. 79XF-2009 [GQ215577]
Eustrongylides sp. 51XF-2009 [GQ215549]
Eustrongylides sp. 29XF-2009 [GQ215527]
Eustrongylides sp. 65XF-2009 [GQ215563]
Eustrongylides sp. 81XF-2009 [GQ215579]
— 'Eustrongylides sp. 77XF-2009 [GQ215575]
Eustrongylides sp. 3XF-2009 [GQ215501]
Eustrongylides sp. 14XF-2009 [GQ215512]
Eustrongylides sp. 54XF-2009 [GQ215552]
92 | Eustrongylides sp. 71XF-2009 [GQ215569]
Eustrongylides sp. 74XF-2009 [GQ215572]
Eustrongylides sp. 59XF-2009 [GQ215557]
+—— @ Eustrongylides sp. isolate RJ [MK650418]
Eustrongylides sp. 25XF-2009 [GQ215523]
Eustrongylides sp. 70XF-2009 [GQ215568]
Eustrongylides sp. 69XF-2009 [GQ215567]
Eustrongylides sp. 46XF-2009 [GQ215544]
71 Eustrongylides sp. 58XF-2009 [GQ215556]
Eustrongylides sp. 23XF-2009 [GQ215521]
Eustrongylides sp. 20XF-2009 [GQ215518]
Eustrongylides sp. 49XF-2009 [GQ215547]
;{Eustrongy/ides sp. 47XF-2009 [GQ215545]
Eustrongylides sp. 19XF-2009 [GQ215517]
Capillarinae gen. sp. FJ-2017 isolate 0015N-J [MF139729]

Trichuris discolor [LC320148]
|_—Trichurfs skrjabini isolate 71b [MG573306]
64 Trichuris trichiura isolate 46RT [KJ588123]
6
0.05

Figure 6. Neighbor-joining phylogram inferred from concatenated partial DNA sequences of
Eustrongylides sp. Branches for each DNA sequence with species names are indicated, corresponding
GenBank accession numbers; bootstrap values are indicated on nodes. Scale bar represents the
expected number of substitutions per nucleotide.

©
g

99

99

According to Brazilian Regulation of Industrial and Sanitary Inspection of Animal
Products - RIISPOA (BRASIL, 1952), fish with massive parasite infestation of muscle are
inappropriate for human consumption. Besides the disgusting aspect caused by the large
size of the larvae, and the high prevalence found in this study, the consumption of raw or
undercooked parasitized fish can lead to human infection by live Eustrongylides sp. larvae.
This highlights the importance of educating the population about the risks of eating raw or
undercooked fish, and the need to intensify surveillance of fish served to the public. More
research is needed to better understand the mechanisms of infection and allergenic
potential of Eustrongylides sp. larvae in humans. Research into the immunological
responses of BALB/c mice to crude extract of the Eustrongylides sp. larvae found in the
present study is currently in progress.
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