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Myxobolus sp. (Myxozoa; Myxosporea) causing asymptomatic
parasitic gill disease in Astyanax aff. bimaculatus
(Characiformes; Characidae) in the Tocantins river basin,
amazon region, Brazil
Myxobolus sp. (Myxozoa; Myxosporea) causando doença parasitária assintomática nas brânquias em
Astyanax aff. bimaculatus (Characiformes; Characidae) na bacia do rio Tocantins, região amazônica, Brasil
Marcelo Francisco da Silva1,2; Dalila de Deus Sousa-Henrique2; Nirvana Messias-Luz2; Larissa dos Santos Borralho2;
Jorge Diniz de Oliveira3; José Ledamir Sindeaux-Neto1; Edilson Rodrigues Matos1,4*
1

Programa de Pós-graduação em Biologia de Agentes Infecciosos e Parasitários – BAIP, Universidade Federal do Pará – UFPA, Belém,
PA, Brasil

2

Laboratório de Ecologia e Limnologia – LEL, Universidade Estadual da Região Tocantina do Maranhão – UEMASUL, Imperatriz,
MA, Brasil

3

Laboratório de Química Ambiental – LQA, Universidade Estadual da Região Tocantina do Maranhão – UEMASUL, Imperatriz,
MA, Brasil

4

Programa de Pós-graduação em Aquicultura e Recursos Aquáticos Tropicais – AqRAT, Universidade Federal Rural da Amazônia –
UFRA, Belém, PA, Brasil

Received February 11, 2019
Accepted April 29, 2019

Abstract
The middle course of the Tocantins river is located in the eastern portion of the “Legal Amazon” region of Brazil
and the Dantas river is one of its tributaries. Among the components of the aquatic biota, eukaryote microparasites
establish direct relationships with several species of fish and have zoonotic potential that is still little known. Myxozoans
stand out among these parasites: they cause myxosporidiosis, a disease that gives rise to high mortality rates worldwide.
The genus Myxobolus accounts for the largest number of species that have been described. Thirty specimens of Astyanax aff.
bimaculatus that had been caught in the Dantas river were examined. The prevalence of cysts with spores morphologically
compatible with myxozoans of the genus Myxobolus in the arcuate and gill filaments of these specimens was 20%.
Keywords: Parasites, Myxozoa, Bivalvulida, Characiformes.

Resumo
O curso médio do rio Tocantins está localizado na porção leste da região da “Amazônia Legal” do Brasil, e o rio
Dantas é um dos seus afluentes. Dentre os componentes da biota aquática, os microparasitos eucarióticos estabelecem
relações diretas com várias espécies de peixes e possuem potencial zoonótico ainda pouco conhecido. Os mixozoários
destacam-se entre esses parasitos causando mixosporidiose, doença que dá origem a altas taxas de mortalidade em
todo o mundo. O gênero Myxobolus é responsável pelo maior número de espécies descritas de mixozoários. Trinta
espécimes de Astyanax aff. bimaculatus capturados no rio Dantas foram examinados. A prevalência de cistos com
esporos morfologicamente compatíveis com mixozoários do gênero Myxobolus nos filamentos arqueados e branquiais
desses espécimes foi de 20%.
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Fish of the genus Astyanax (Baird & Girard, 1854) have wide
distribution in the neotropical region, with occurrence of 146 valid
species, of which 91% occur in South America (ABDALLAH et al.,
2004; LUCENA & SOARES, 2016). They are fish of low commercial
value and, for this reason, are usually used to feed the riverine
population and the lower-income communities of urban centers.
In addition, it is one of the main components of the food base of
carnivorous fish in rivers in tropical regions.
The term Astyanax bimaculatus, which refers to species of
characiform fish in the Suriname region, is also used to denote
the “bimaculatus group” composed of approximately 22 species
of generalist and migratory fish. These are well suited to both
lotic and lentic environments and are widely distributed in
Brazilian freshwater basins (GARUTTI & BRITSKI, 2000;
LUCENA et al., 2013).
Studies on occurrences of microparasites in the aquatic fauna of
the tropical region have frequently been conducted (BÉKÉSI et al.,
2002; AZEVEDO et al., 2002; LUQUE, 2004; AZEVEDO et al.,
2010; MILANIN et al., 2010; AZEVEDO et al, 2011a; MACIEL
et al, 2011; CARRIERO et al, 2013). These studies gain greater
importance, given that parasites can be used as bioindicators to
determine stocks (LUQUE, 2004). In addition, evaluation of
the ecology of parasitism, which includes studies on population
dynamics, enables assessment of the zoonotic potential of the
parasites, which may indicate that parasitism could be a limiting
factor in relation to rearing a certain species of fish (KENT et al.,
2001; HARTIGAN et al., 2016; VIDEIRA et al., 2016).

the municipality of Governador Edson Lobão, which is located
in the mesoregion of Imperatriz in the state of Maranhão, Brazil
(Figure 1). The specimens were transported alive in plastic bags
with water from the habitat, under conditions of artificial aeration
to the Ecology and Limnology Laboratory at UEMASUL, in
Imperatriz. In this laboratory, they were kept in an aquarium at
temperatures of between 26 and 28 °C.
To investigate the presence of parasites and cysts, the specimens
were anesthetized with tricaine methanesulfonate (MS222; Sigma)
at a concentration of 50 mg L-1. They were then dissected under a
stereoscopic microscope. Fragments of the organs were removed
for observation under an optical microscope and were analyzed
with the objective of determining the presence of parasites.
The procedures adopted in the present study were approved by
the Animal Ethics and Experimentation Committee of the Federal
Rural University of Amazonia (CEUA/UFRA no. 013/2014).
Photomicrographs of the microparasite spores that were observed
were captured through a Zeiss Axiocam ICc 1 camera that was
coupled to a Zeiss Axioskop 40 microscope, in order to measure
the spores (n=50) with the aid of the AxioZen Blue software.
Fragments of the infected organs were fixed in Davidson
solution for 24 h and were then processed using the method of
embedment in paraffin. Through this, blocks and histological
sections of thickness 6 μm thickness were prepared. These sections
were stained with hematoxylin-eosin (HE) and Ziehl-Neelsen
(ZN). Fixed fragments were later dissociated for preparation
of slides to obtain spore images by means of the differential
interference contrast (DIC) technique, at the Carlos Azevedo
Research Laboratory of UFRA, in Belém.

Material and Methods

Results and Discussion

Thirty specimens of Astyanax aff. bimaculatus, collected in
the period from February to July of 2018 in three sampling
points in the river Dantas (23M 227839.79 E 9369879.17 S),
were examined. This river is a tributary of the Tocantins river in

Investigation of eukaryote microparasites in the specimens
of Astyanax aff. bimaculatus that were sampled revealed that the
prevalence of cyst infection in the gill arches and lamellae caused
by myxosporeans was 20% (6/30) (Figure 2A). Observation under

Figure 1. Location of collection points in the Dantas river basin, middle Tocantins river basin, eastern Brazilian Amazon region.
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Figure 2. Myxobolus sp. on the gills of Astyanax aff. bimaculatus. A - Cysts in the gill´s arches, white arrow, and small cysts in gill filaments,
black arrows; B - Fresh photomicrography an optical microscope of small cyst (*) dissociated from gills filament e; C - Sporocysts with
morphological pattern of the genus Myxobolus; D - Differential interference contrast (DIC) microscopy of Myxobolus sp. with extruded polar
filament., seen using. Scale: 10 μm.

a microscope after rupture of the cysts (Figure 2B) revealed the
presence of spores with a morphological pattern consistent with
myxozoa of the genus Myxobolus, as described by Lom & Dyková
(2006), consisting of a spore body of ellipsoid shape, with two
polar caps, two valves positioned in parallel and a suture line, and
with a binucleate sporoplasma cell (Figure 2C).
The morphometric analysis showed that the spores of Myxobolus sp.
present in cysts on the gills of Astyanax aff. bimaculatus in the Dantas
river basin had mean total length of 10.9 (0.4) μm and width of
7.7 (0.6) μm. The polar capsules were morphologically similar,
with length of 4.3 (0.2) μm and width of 2.0 (0.2) μm, and the
number of turns of the filaments within the polar capsules ranged
from 6 to 7. The results from the measurements and morphometric
comparisons with Myxobolus species are presented in Table 1.
When compared to the morphological aspects of the sporocysts
with other Myxobolus spp described parasitizing gills of Characiform

fish in Brazil, the present myxozoa presents greater similarity in
relation to the shape of the sporocysts and number of turns of
the polar filaments with M. oliverai (MILANIN et al., 2010)
and in relation to the form of the polar capsules to M. brycom
(AZEVEDO et al. 2011b), both described parasitizing Brycon
hilarii in flooded fields of the Brazilian Pantanal.
The hematoxylin-eosin (HE) histological technique enabled
visualization of the interaction between the spores of Myxobolus
sp. and the gill tissue (Figure 3A and B), while the staining by
Ziehl‑Neelsen made it possible to detect the polar capsules and
sporoplasm (Figure 3C). Development of the parasite led to
compression of adjacent connective and epithelial tissues. However,
no granulocytic cells were observed at the site of infection.
The differential interference contrast microscopy technique
(Figure 2D) allowed better observation of spore specificity and
arrangement, and also highlighted the polar capsules and filaments.
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Table 1. Comparison of measurements of spores of the parasite Myxobolus spp. from the gills of Characiform fish in Brazil. LS - spore length;
WS - spore width; PCL - polar capsules length, PCW - polar capsules width, PF - Polar filament turns. All measurements are in micrometers.
Species
Myxobolus sp. (Present estudy)
Myxobolus sp. (Araujo et al., 2018)

LS

WS

PCL

PCW

PF

Host

Locality

10.9 (0.4)
17

7.7 (0.6)
8.23

4.3 (0.2)
10.7
4.6
4.7 (0.3)
6.4 (0.9)
4.2
5.6 (0.2)
4.6 (0.2)

2.0 (0.2)
4.5
1.7
1.7 (0.1)
3.1 (0.7)
1.9
2.3 (0.2)
1.7 (0.1)

6-7
10-12
3-4
10
8-11
8-9
6-8
7-8

Astyanax bimaculatus
Thoracocharax stellatus

Maranhão
Pará

Brycon orthotaenia
Prochilodus lineatus
Brycon hilarii
Brycon hilarii
Salminus brasiliensis

Minas Gerais
São Paulo
Mato Grosso do Sul
Mato Grosso
Mato Grosso

M. filamentum (Naldoni et al., 2015) 9.0 (0.3) 6.2 (0.4)
M. lomi (Azevedo et al., 2014)
14.2 (1.4) 11.1 (1.5)
M. brycon (Azevedo et al., 2011b)
6.9
4.2
M. oliveirai (Milanin et al., 2010)
11.2 (0.4) 7.4 (0.5)
M. salminus (Adriano et al., 2009)
10.1 (0.4) 6.1 (0.4)

Figure 3. Histological section of the gills of Astyanax aff. bimaculatus, stained with hematoxylin-eosin (A, B) and Sporocysts of Myxosbolus sp.
stained by Ziehl-Neelsen (C). Asterisk - cyst, arrow head - cyst wall, black arrow - polar capsule, white sporoplasma arrow. Scale: 50 μm.

Despite the moderate prevalence of parasitism, the hosts did
not present clinical signs of disease. This corroborated observations
that were made by Tavares-Dias et al. (2006) and Thatcher (2006),
who described asymptomatic Myxobolus infections in the gills of
other fish species in the Amazon region.
Infections of the gill system caused by myxosporeans have
been described worldwide. Such infections result in direct or
indirect harm to the health of their hosts (AZEVEDO et al.,
2014; VIDEIRA et al., 2016; DE ARAUJO et al, 2018). Thus,
investigations like the present study are of fundamental importance
for gaining knowledge regarding myxosporidiosis in fish in the
Tocantins river basin.

Conclusions
From the findings described in this study, it was possible to
characterize infection of the gills of Astyanax aff. bimaculatus,
caused by Myxobolus sp. This was the first report of occurrence
of this genus of parasite in the middle course of the Tocantins
river basin.
The morphometric patterns observed in the spores of Myxobolus
sp. of the present study, regarding total length and width, polar
capsule size and number of turns of the polar filaments, were
divergent in relation to all other studies reporting infection by
Myxobolus spp. in the gills of Characiformes in Brazil. Because

of these records of Myxobolus sp. in Astyanax aff. bimaculatus and
the characteristics presented by this parasite, continuation of this
work addressing molecular and ultrastructural characteristics is
of fundamental importance for determination and classification
of this parasite species in the Brazilian “Legal Amazon” region in
the state of Maranhão.
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