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Abstract

Purpose The present study aims to report the occurrence of Eustrongylides sp. in some neotropical fish species commercial-
ized in the Peruvian Amazonia.

Methods Samples of young farmed Arapaima gigas were collected from a fish farmer; young Brachyplatystoma tigrinum
were acquired from a fish exporter and samples of adult specimens of Acestrorhynchus falcirostris, Pseudoplatystoma punc-
tifer, Cichla monoculus, Hoplias malabaricus, Hydrolycus scomberoides, Raphiodon vulpinus, and Serrasalmus rhombeus
were acquired from a fish market of Iquitos, Loreto-Peru. Samples were transported to the “Laboratorio de Parasiologia y
Sanidad Acuicola” from “Instituto de Investigaciones de la Amazonia Peruana” located in Iquitos, Peru.

Results Larvae L4 of Eustrongylides sp. were found in the host body, in the muscle, and in the visceral cavity of studied fish
species. Notorious damages were reported in young A. gigas (lumps in the muscle, inflammation and severe redness of the
skin) and in young B. tigrinum (perforation of the abdominal cavity), while in adult specimens of the remaining species, no
external damage was reported.

Conclusion The presence of Eustrongylides sp. in various fish species collected in the city of Iquitos-Peru contributes to
the distribution of this parasite in the Peruvian Amazon, reporting it, for the first time in this country. Its presence in the
muscle of various fish species commercialized in fish markets, warm a possible public health concern and implications for
their marketability in the city of Iquitos, Peru.
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Introduction

Nematodes of the genus Eustrongylides Jagersikold, 1909
have been reported from different countries [1-4]. They use
piscivorous birds as definitive hosts and aquatic oligochaetes
as first intermediate hosts where the parasite develops into
the second and third larval stages, which are infective to the
second intermediate hosts, planktivorous and benthivorous
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fish species in which the third-stage larvae molt into the
fourth stage and remain until ingestion by the definite hosts
[5]. Carnivorous or piscivorous fish species that consume
infected fish act as paratenic hosts [6].

Eustrongylides spp. present potential for transmission
and pathogenicity [4] responsible for zoonotic infections
[7]. Eustrongylides larvae are present in the viscera and in
the muscle of various fishes [8], important for public health.

The presence of these parasites in fish hosts may cause
serious damages than can deteriorate their health and makes
fish products unfit for human consumption, by having a neg-
ative impact on their marketability [3]. The present study
aims to report the occurrence of Eustrongylides sp. in some
neotropical fish species used in the ornamental trade and
commercialized in a fish markets from the Peruvian Amazon
and also to discuss the potential public health issues and
implications for local consumers.
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Materials and Methods

A private fish farmer noticed the presence of wounds,
internal hemorrhage, protuberances, and ulcers on the
body of Arapaima gigas (Schinz, 1822) (Fig. 1A, B). Ten

Fig. 1 External lesions in
Arapaima gigas infected by
Eustrongylides sp. A Internal
bleeding; B Swelling of muscle;
C Wound caused by parasite
released; D Parasite emerging
from the fish’s musculature; E
Parasite removed from A. gigas.
Bar scale: 1 cm
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specimens were analyzed. Oral communication of fish
farmers mentioned that it is usual to notice those problems
on young A. gigas. Fish samples were taken alive, placed
in plastic bags with water, and transported to the labora-
tory of “Parasitologia y Sanidad Acuicola” of “Instituto de
Investigaciones de la Amazonia Peruana” in Iquitos, Peru
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Fig.2 A Brachyplatystoma
tigrinum showing a perfora-
tion in the abdominal cavity
caused by Eustrongylides sp.

B Specimen of B. tigrinum

with Eustrongylides sp. larvae
removed from the abdominal
cavity. C Eustrongylides sp.
being collected from the muscle
of Acestrorrhynchus falcirostris.
D Eustrongylides sp. in the
muscle of A. falcirostris. E and
F Eustrongylides sp. encysted
in the musculature of Hoplias
malabaricus. Bar scale: A, B,
D, F=1cm. Cand E=5cm

for analyses. In the laboratory, the wounds and protuber-
ances were observed with a stereoscope Leica EZ4 and
the aid of dissection needles and tweezers, and a nema-
tode was removed. From individuals of Brachyplatystoma
tigrinum (Britsky, 1981), ten samples were taken alive for
an ornamental fish exporter who also noticed the presence
of wounds in the abdomen of infected fish. According to
the fish exporter, this problem is frequently observed on
young specimens that are fed with small fish and mainly
with sludge worms (Tubifex spp.). Fish were sacrificed
with a perforation in the skull for removal of the brain.
The process was conducted using a hypodermic needle.
After the sacrifice, skin, muscle, and internal organs were
analyzed. Nematodes from A. gigas were removed from the
skin. Ten samples of Acestrorhynchus falcirostris (Cuvier,

1819), 10 of Pseudoplatystoma punctifer (Castelnau, 1855),
10 of Cichla monoculus Agassiz, 10 of Hoplias malabari-
cus (Bloch, 1794), 10 of Hydrolycus scomberoides (Cuvier,
1819), 10 of Raphiodon vulpinus Spix & Agassiz, 1829,
and 10 of Serrasalmus rhombeus (Linnaeus, 1766) were
collected dead from the Belen Market in Iquitos, Peru. Fish
species were identified using the guide [9]. Fish were trans-
ported to the laboratory in styrofoam boxes with ice. The
time of transportation from the market to the laboratory was
30 min. In the laboratory, internal organs were removed and
preserved in ethanol 70% for analyses. The lateral muscu-
lature of the fish was analyzed by making fine cuts, which
were carefully observed. Internal organs were analyzed
using a stereoscope Leica EZ4. Organs were placed in Petri
dishes with distilled water, and with the aid of tweezers
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Fig.3 A Eustrongylides sp. in the visceral cavity of Cichla monocu-
lus; B Eustrongylides sp. in the musculature of Pseudoplatystoma
punctifer. Bar scale: 5 cm

and needles, the tissue was examined by making fine cuts
that allowed to observe inside them. In the presence of any
parasites, these were removed with tweezers and preserved
in ethanol 70% for posterior taxonomic identification. For
taxonomic identification, parasites were clarified in Amman
lactophenol [10]. For this, parasites were placed on a slide
with a drop of Amman lactophenol, and then, they were
covered with a cover slip and then observed under an opti-
cal microscope Leica DM750. Based on the morphological
characters of the parasites, the identification was made using
the information of [11, 12]. Parasitological indices followed
those by [13] (Figs. 2 and 3).

Results

Biometric features as weight and length for each sampled
fish species are presented in Table 1.

Taxonomic identification of the nematodes revealed the
presence of larvae of Eustrongylides sp. in all infected fish.

@ Springer

Fifty-two (52) larvae L4 were counted parasitizing 90 indi-
viduals of nine species. Of the total number of parasites
recorded, 37 were found in the muscle and 15 in the visceral
cavity. Non Eustrongylides larvae were found in internal
organs. The main characteristics used for the identifica-
tion were: reddish coloration, cephalic extremity presenting
a small oral cavity surrounded by 12 cephalic papillae of
similar size arranged in two concentric rings, and genital
primordia well differentiated that allowed the identification
of L4 larvae as male and female (Fig. 4). The presence of
Eustrongylides sp. in fish hosts and their parasitological indi-
ces are showed in Table 2.

Discussion

In South America, Eustrongylides larvae were reported for
the first time in Brazil by [12] who found this parasite in
eight fish species. Later, it was reported from six additional
species, highlighting the presence of the parasite in the tegu-
ment, musculature, and mesentery of Serrasalmus natterei,
Pseudoplatystoma fasciatum, Raphiodon vulpinus, and Hop-
lias malabaricus [13]; in internal organs of characoid fishes
[14]; in the musculature and mesentery of Cichla ocellaris,
Plagioscion squamosissimus, and H. malabaricus [15]; in
the intestine of Mylossoma duriventre [16]; in the muscu-
lature and mesentery of H. malabaricus and Hoplerythri-
nus unitaeniatus, [17, 18]; in the mesentery of Pygocentrus
nattereri [19]; in the liver of Gymnotus sp. [20]; and in the
abdominal cavity of Astyanax fasciatus [21]. In the present
study, Eustrongylides sp. is reported for the first time in fish
species from the Peruvian Amazon, expanding the geograph-
ical distribution of Eustrongylides spp. in South America.

Among species of the genus Eustrongylides, some mor-
phological differences are used for their identification: form
of the labial papillae, form of the termination of the cau-
dal extremity, that can also be used to separate males and
females, but these features are limited to adult specimens,
making it difficult to identify larvae [3]. Larval stages of
Eustrongylides spp. have been commonly reported from
freshwater fish species worldwide based on the morphologi-
cal features [22-24]. In the present study, it was possible
to identify differences in the posterior extremity of speci-
mens of Eustrongylides sp. separating males from females.
The morphology of the posterior extremity is similar to E.
excisus reported in Italy [2], but as there are no reports of
adult forms of Eustrongylides in the Peruvian Amazon, it is
difficult to guarantee the identification of a species based on
morphological characteristics of the collected larvae.

In the life cycle of Eustrongylides spp., the first-stage
larva develops in the egg passed with the infected bird fae-
ces and is ingested by aquatic oligochaetes Lumbriculus
variegatus, Tubifex, or Limnodrilus sp., which are the first
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Fig.4 Alive specimens of Eus-
trongylides sp. collected from
Brachyplatystoma tigrinum;

B Anterior part of the body of
Eustrongylides sp; C Posterior
part of the body of male speci-
men of Eustrongylides sp; D
Posterior part of the body of
female specimen of Eustron-
gylides sp. Scale bar A: 2 mm;
B-D: 200 um

intermediate hosts. In the coelom or the organs of the oli-
gochaete, the second and third larval stages develop. The
second intermediate host is a plankton- and benthos-eating
fish species which on ingestion of infected oligochaetes
serve as second intermediate hosts [25]; [26] originating
larvae L4 that remain encysted until its consumption by the
definitive host bird. In the Peruvian Amazon, T. tubifex is
used as food for ornamental fish, justifying the presence of
Eustrongylides sp. in young A. gigas and young B. tigrinum
from commercial aquariums. In the same way, as 7. fubifex
inhabits the same environment of plankton- and benthos-
eating fish species, it is probable that the transmission of

Eustrongylides sp. was through food web transfer between
T. tubifex, plankton- and benthos-eating fish species and top
predator fish species. Considering that fish species act as
paratenic host and birds as definitive, further investigations
on the parasite occurrence in other fish species and some pis-
civorous birds inhabiting the same environment are needed
to identify the species of Eustrongylides that are parasitizing
fish hosts from the Peruvian Amazonia.

Parasitic infections in fish can cause changes in behav-
iour, vulnerability to predators, and a reduced capacity to
resist stress [27]. The presence of a parasite generates a
host strategy of inactivation or elimination through cellular
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Table 1 Biometric features (standard length and weight) for each
sampled fish species

Fish host species Standard length Total weight (g)
(cm)

Arapaima gigas 15+5 50+4.5
Brachyplatystoma tigrinum 8+2 24+3.2
Acestrorhynchus falcirostris 28+2.8 250+3.5
Pseudoplatystoma punctifer 40+10 980+47.4
Cichla monoculus 35+10 625+6.5
Hoplias malabaricus 29+6 320+14.4
Hydrolycus scomberoides 32+8.1 480+24.7
Raphiodon vulpinus 34+12 370+ 14
Serrasalmus rhombeus 25+5 660 +28.1

and humoral responses, which range from acute or chronic
inflammation to severe necrosis [28]. In fish, Eustrongylides
larvae develop in muscles and are found either free in the
body cavity, or encapsulated in the liver or other visceral
organs. Infected fishes usually fall prey to piscivorous fish
species. On ingestion of the prey, the predator itself becomes
infected. From its digestive tube, the larvae penetrate into its
muscles and other organs, which they may seriously damage
[29]. According to [30], the larvae are especially pathogenic
to predator fish species, where they are capable of doing
severe damage to various organs. In young fish, large scars
are readily visible at the prior location of the parasites (mus-
cles, gastric, and intestinal wall), sometimes even a complete
destruction of the kidneys, or inflammatory lesions. In the
present study, notorious damages were reported in young A.
gigas (lumps in the muscle, inflammation, and severe red-
ness of the skin) and in young B. tigrinum (perforation of the
abdominal cavity), while in adult specimens of the remain-
ing species, no external damage was reported, regardless of
being parasitized by Eustrongylides sp. larvae, finding more
larvae in the muscle than in the viscera. This suggests that
young specimens are more sensitive to parasitism by this
nematode and are more likely to show some sign of damage.

Eustrongylides spp. is worldwide distributed and have
been found parasitizing the viscera, visceral cavity, and
flesh of a wide variety of fish species [8]. In the present
study, Eustrongylides sp. has been reported in the visceral
cavity and flesh of nine fish species that are consumed as
food in the Peruvian Amazonia. Their presence can have
negative implications on the marketability of fish, decreas-
ing their value in fish markets. Humans acquire the infec-
tion by consuming undercooked fish [31]. The nematodes
cannot reach maturity in man, but remain in the fourth
stage of larval development. The symptoms indicating the
infection include gastritis and the perforation of intestines.
The only possible means of cure is surgical removal of
larvae [32].

The type of cooking in the preparation of fish can influ-
ence the risk of transmission of endoparasites to humans.
In Peru, the tradition of consume raw or undercooked fish
meat in the preparation of “ceviche” and the trend towards
the adaptation of the oriental trend to consume “sushi” of
oriental origin increase the probabilities of acquiring an
accidental zoonotic infection [33].

According to [9], A. gigas, B. tigrinum, A. falcirostris,
P. punctifer, C. monoculus, H. malabaricus, H. scomb-
eroides, R. vulpinus, and S. rhombeus are traded in city
markets and consumed by the local population. This fish
species can be used in the preparation of “regional cevi-
che” or “regional sushi”. In the preparation of “ceviche”,
the flesh is marinated with lemon. The marinating process
does not erradicate nematode larvae and present a danger
to public health [8]. The European Union Regulation No
853/2004 stipulates that all fish destined for raw consump-
tion, cold-smoking processing with internal temperature
below 60 “C, marinated or salted process should be frozen
at a temperature of no higher than — 20 °C for at least 24 h
to prevent an accidental infection to consumers.

Although, in Peru, there are no records of parasitism
in humans by Eustrongylides sp., this hypothesis cannot
be ruled out, especially in the Amazon region, where it
is common for children to ingest small raw fish as they

Table 2 Parasitological indices

. Species AF PF P% 1 ml mA Localization of the larvae

for Eustrongylides sp. collected

from I}ine fish species from the Arapaima gigas 10 5 50 1,1,1,1,1 1 0.5 Muscle

Peruvian Amazon Brachyplatystoma tigrinum 10 6 60 1,1,1,1,1,1 1 0.6 Visceral cavity
Acestrorhynchus falcirostris 10 5 50 1,1,1,1,1,2 1.4 0.7 Muscle
Pseudoplatystoma punctifer 10 3 30 1,1,1 1 0.3 Muscle
Cichla monoculus 10 4 40 1,1,1,2 1.2 0.5 Muscle (2) and visceral cavity (3)
Hoplias malabaricus 10 7 70 1,1,1,1,2,2,2 14 1 Muscle (4) and visceral cavity (6)
Hydrolycus scomberoides 10 6 60 1,1,1,1,1,1 1 0.6 Muscle
Raphiodon vulpinus 10 6 60 1,1,1,1,1,1 1 0.6 Muscle
Serrasalmus rhombeus 10 4 40 1,1,1,1 1 04 Viscera

AF analyzed fish, PF parasitized fish, P% prevalence, /intensity of infection, 71/ mean intensity of infection,

and mA mean abundance of infection
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believe that consumption will teach them to swim. A par-
ticular case occurred in New Jersey, United States, where
live parasites were removed from the peritoneal cavity of
a 17 year-old man complaining of intense abdominal pain.
Examination revealed intestinal perforation and fourth-
stage larvae were removed. The young reported that he had
the habit of swallowing small fish alive while fishing [34].
Similar cases may be occurring in the Peruvian Ama-
zon, where stomach problems caused by the accidental
ingestion of parasites may be misdiagnosed, due to the
lack of studies related to zoonotic parasites in fish, lack
of specialists, and lack of interest on the part of the com-
petent authorities to supervise the fish meat that is com-
mercialized in the city markets. This study makes an alert
call to local authorities and the population to consider the
necessary measures to avoid the accidental ingestion of
Eustrongylides spp. and other zoonotic parasites.

Conclusions

The presence of Eustrongylides sp. in various fish species
collected in the city of Iquitos-Peru contributes to the dis-
tribution of this parasite in the Peruvian Amazon, report-
ing it, for the first time in this country. It occurs mainly
in the muscle of fish, suggesting a possible public health
concern and implications for their marketability in Iquitos.
Considering that all analyzed fish species are used as food
in the Peruvian Amazon, and the growing tendency of con-
sumption of raw or undercooked fish (ceviche and sushi),
it is necessary to expand the study in the other markets
of Iquitos and analyzing other fish species of commercial
interest, to generate information for relevant authorities to
apply appropriate sanitary measures in fishing ports and
city markets.
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