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ABSTRACT: A new species of Myxosporea, Henneguya torpedo sp. nov., is described from the brain
and spinal cord of the Amazonian teleostean fish Brachyhypopomus pinnicaudatus collected from the
Peixe Boi River, State of Pará, Brazil. The spores were surrounded by a thick hyaline sheath that is
homogeneous and electron translucent and consists of 2 layers of different densities. The total spore
length is 48.62 ± 0.51 µm (mean ± SE), the ellipsoidal spore body length is 28.53 ± 0.36 µm, the body
width is 7.25 ± 0.31 µm and the body thickness is 3.06 ± 0.26 µm. Each of the 2 equal-sized valves presented a tapering tail (19.64 ± 0.44 µm in length). The 2 equal-sized thin and smooth valves surrounded 2 equal-sized and elongated ellipsoidal polar capsules (6.41 ± 0.26 × 1.84 ± 0.19 µm) that
contained 5 to 6 (rarely 7) polar filament coils. The binucleated sporoplasm contained numerous
spherical sporoplasmosomes (~260 × ~280 nm) with a laterally eccentric-dense structure containing a
half-crescent section. The sporoplasmosomes are surrounded by a hyaline homogenous sheath.
Based on the data obtained by light and electron microscopy and on the host specificity, the spores
differed from the previously described Henneguya spp., mainly in the presence of a sheath surrounding the spores, the spore shape and size and the number and arrangement of the polar filament coils.
Therefore, from this description we propose the establishment of a new species, which we have
named Henneguya torpedo sp. nov.
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INTRODUCTION
The class Myxosporea Bütschli, 1881 of the phylum
Myxozoa Grassé, 1970 contains about 60 genera (Lom
& Dyková 2006); however, this number was recently
increased by the addition of 4 new genera. Among the
myxosporeans, the genus Henneguya Thélohan, 1892,
which contains at least 204 species, is the second most
speciose genus (Lom & Dyková 1992, 2006). There are
numerous detailed descriptions of this genus found

from fishes from all continents, of which 40 have been
described from the Brazilian fauna. However, most of
these descriptions are based on light microscopy and
diagrammatic drawings of the mature spores (Cunha &
Fonseca 1918, Nemeczek 1926, Pinto 1928a,b, Guimarães & Bergamin 1933, 1934, Jakowska & Nigrelli
1953, Walliker 1969, Cordeiro et al. 1983/1984, Kent &
Hoffman 1984, Gioia et al. 1986, Martins & Souza 1997,
Eiras 2002, Barassa et al. 2003a,b, Eiras et al. 2004a,b,
2008, 2009, Martins & Onaka 2006, Abdallah et al.
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2007). Recently, several ultrastructural studies on the
stages of the developmental life-cycle and on mature
spores supported the descriptions of several Henneguya spp. (Casal et al. 1997, 2003, Azevedo & Matos
2002, 2003, Vita et al. 2003, Adriano et al. 2005,
Azevedo et al. 2008, 2009, 2010, Naldoni et al. 2009). In
the present paper, we present light microscope and
transmission electron microscope (TEM) data of spores
of a new myxosporidian, named H. torpedo sp. nov.,
which parasitizes the nervous system of a Brazilian fish
from the Amazonian region.

MATERIALS AND METHODS
Thirty specimens of the freshwater fish Brachyhypopomus pinnicaudatus (Teleostei, Hypopomidae)
(Brazilian common name ‘ituí tuanga’) were collected
from Peixe Boi River, a tributary of the lower Amazon
River (01° 11’ S, 47° 18’ W), near the city of Peixe Boi,
State of Pará, in northeastern Brazil. Sampling was carried out during January and February 2010. The fish
were transported live to the laboratory and maintained
in an aquarium at 28 to 30°C, where their behaviour
was observed for 3 to 5 d. They were later anaesthetized with MS-222 (Sandoz Laboratories), killed
and dissected. Small fragments of infected tissues were
then excised and examined under a light microscope
with Nomarski differential interference contrast (DIC)
optics for observation and measurement of the spores.
For ultrastructural studies, small fragments of infected
tissues were fixed in 5% glutaraldehyde in 0.2 M
sodium cacodylate buffer (pH 7.2) for 20 to 24 h,
washed overnight in the same buffer and postfixed in
2% OsO4 buffered in the same solution for 4 h, all at
4°C. After dehydration in an ascending graded ethanol
series and propylene oxide, samples were embedded
in Epon epoxy resin. Semithin sections were stained
with methylene blue-Azur II stain. Ultrathin sections
were double-stained with aqueous uranyl acetate and
lead citrate and observed in a JEOL 100CXII TEM
operated at 60 kV.

RESULTS
The only parasitized organs of the fish were the
brain and the spinal cord in which some tailed spores
appeared randomly distributed throughout the nervous tissue. The parasitized fish showed some abnormal and abrupt movements, sometimes projecting
themselves against the wall of the aquarium. Observed
under DIC, the spores were easily identified as belonging to the genus Henneguya Thélohan, 1892, owing to
their ellipsoidal morphology with 2 equal-sized smooth

valves, each one bearing a tapering caudal projection
forming a tail (Figs. 1 & 2). Of the 30 fish, 10 (33.3%)
were parasitized.

Henneguya torpedo sp. nov.
Based on the morphological (see Figs. 1 & 2) and ultrastructural aspects (see Figs. 3 to 8 & 12) of the valved
multicellular spores and on the polar nature of the capsules, which contained a coiled polar filament, together
with the host specificity, we described this parasite as
Henneguya torpedo sp. nov., a new species with the
following description:
Phylum: Myxozoa Grassé, 1970
Class: Myxosporea Bütschli, 1881
Order: Bivalvulida Shulman, 1959
Family: Myxobolidae Thélohan, 1892
Genus: Henneguya Thélohan, 1892

Life history stages
Comparative measurements (in µm) of spores with a
surrounding sheath from different species of Henneguya including H. torpedo sp. nov. are described in
Table 1. Only spores (Fig. 1) were observed randomly
distributed in the nervous tissue of the brain and spinal
cord of H. torpedo sp. nov. (Fig. 2).

Description
The spores were surrounded by a hyaline homogeneous sheath adherent to the spore body wall (Figs. 3
to 8) and tails (Figs. 9 to 12) that conforms to the shape
of the spores. This sheath was composed of an external, moderate light, electron-dense layer and an internal layer that is less electron dense, both of more or
less similar thickness: 0.92 µm; range: 0.80 to 0.98 µm)
(Figs. 3 to 7 & 9 to 12). Including the thickness of the
surrounding sheath, the total length (mean ± SE) of the
mature spores was 48.62 ± 0.51 µm (range: 48.3 to 48.9
µm; n = 25). The spore bodies were ellipsoidal with a
length of 28.53 ± 0.36 µm (range: 28.3 to 30.1 µm; n =
25), width of 7.25 ± 0.31 µm (range: 7.0 to 7.5 µm; n =
15), thickness of 3.06 ± 0.26 µm (range: 2.9 to 3.1 µm; n
= 25), and tail length of 19.64 ± 0.44 µm (range: 19.2 to
19.9 µm; n = 15) (Figs. 1, 3 to 7 & 9 to12). The 2 equalsized polar capsules were 6.41 ± 0.26 µm (range: 6.3 to
6.6 µm; n = 20) long and 1.84 ± 0.19 µm (range: 1.7 to
1.9 µm; n = 20) wide (Figs. 1 & 3 to 5). The number of
polar filament coils ranged from 5 to 6, rarely 7 (Figs. 3
& 4). The spore wall was thin and smooth comprising 2
equal-sized valves (Figs. 3 to 7), each one with a taper-

48.62
28.53
7.25
3.06
19.64
6.41
(48.3–48.9) (28.3–30.1) (7.0–7.5) (2.9–3.1) (19.2–19.9) (6.3–6.6)
Brachyhypopomus pinnicaudatus
brain/spinal cord

1.84
6–7 Present study
(1.7–1.9)

7.0
(6.8–7.3)
17.7
(16.9–18.1)
Gymnorhamphichthys rondoni
peripheral nervous system

3.6
2.5
10.7
2.5
0.85
6–7 Azevedo et al. (2008)
(3.0–3.9) (2.2–2.8) (10.3–11.0) (2.2–2.7) (0.79–0.88)

Kent & Hoffman (1984)
–
Eigemannia virescens brain
H. theca

H. rondoni

H. torpedo sp. nov.

3.5
(3.0–4.1)

–
24.8
48.0
(40.6–52.6)

23.2
11.1
1.4
(20.3–24.2) (9.8–12.5) (1.0–1.6)

nPFC Source
PCW
SBW

SBT

TaL

PCL
SBL
TL
Host species and
organs/tissues
Henneguya spp.

Table 1. Henneguya spp. Comparative measurements (in µm mean with range in parentheses) of spores with a surrounding sheath from different species of Henneguya
that parasitize the nervous system of fishes. TL: total length; SBL: spore body length; SBW: spore body width; SBT: spore body thickness; TaL: tail length; PCL: polar capsule
length; PCW: polar capsule width; nPFC: no. of polar filament coils; (–): no data
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ing caudal projection forming the tail (Figs. 1 & 9 to
12). The binucleated sporoplasm was located in the
posterior pole of the spore and contained 2 nuclei
located side by side and several sporoplasmosomes
(Figs. 6 & 7). The sporoplasmosomes were globular
(260 ± 32 × 280 ± 49 nm, n = 25) formed by an electrondense matrix and contained an eccentric dense structure with a half-crescent section (Figs. 6 to 8) and were
surrounded by a homogenous lighter sheath ~25 nm in
thickness (Figs. 8 & 13). The following is a summary of
the findings.
Type host: The spores were observed only in the
brain and spinal cord tissues of the freshwater fish
Brachyhypopomus pinnicaudatus (Teleostei, Hypopomidae).
Type locality: Peixe Boi River (Lower Amazon
region) (01° 11’ S, 47° 18’ W), near the city of Peixe Boi,
State of Pará, Brazil.
Prevalence: Ten out of 30 (33.3%); 7 out of 18
(38.8%) for females and 3 out of 12 (25%) for males.
Type specimens: A slide with semithin sections containing the hapantotypes of the spores randomly distributed in the nervous tissues was deposited in the
International Protozoan Type Slide Collection at the
Smithsonian Institution, Washington, DC 20560, USA
(USNM no. 2055216).
Etymology: The specific epithet derives from the
spore morphology that seems to have a torpedo form.
Histopathology: The nervous tissue located in the
neighbouring zone, in which the spores were located,
presents a more evident ultrastructural disorganization, mainly in specimens with a higher number of
spores (Figs. 9 to 12). Some parasitized fish specimens
exhibited disturbed movements, sometime projecting
themselves against the glass walls of the aquarium.

DISCUSSION
All the observed characteristics confirmed the morphological similarities of the spores of the different
species of the genus Henneguya previously described
(Lom & Dyková 2006) and in particular their similarity
to Henneguya spp. reported in the nervous system of
teleosts (Kent & Hoffman 1984, Azevedo et al. 2008)
(see Table 1). Although the spore of H. torpedo sp. nov.
resembles that of H. theca, the first Henneguya spp.
described within the nervous system of fish (Kent &
Hoffman 1984), there are some morphological differences between these spores that are important in
clearly distinguishing these 2 species.
The main criteria for comparison among the different
Henneguya spp. are the presence or absence of a surrounding sheath, spore shape, spore length and width,
polar capsule (PC) shapes, size measurements and the
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Figs. 9 to 12. Henneguya torpedo sp. nov. Transmission electron micrographs of the spore of the myxosporean parasite from the
nervous system of the Amazonian teleostean fish Brachyhypopomus pinnicaudatus (scale bars in µm). Fig. 9. Longitudinal section
of the transitional region of the spore body (S) and the initial portion of the 2 tails (T) showing the surrounding homogenous
sheath (*). Fig. 10. Transverse section of the tails (T) and the sheath (*) in contact with the disorganized nervous tissue (H).
Fig. 11. Transverse sections of 4 tails (T) and a spore (S) located among the host nervous tissue, all surrounded by the homogeneous sheath (*). Fig. 12. Longitudinal sections of the tails (T) and the surrounding sheath (*)

Figs. 1 to 8. Henneguya torpedo sp. nov. Light and transmission electron micrographs of the myxosporean parasite found in the
nervous system of the Amazonian teleostean fish Brachyhypopomus pinnicaudatus (scale bars in µm). Fig. 1. Living spores observed by means of differential interference contrast microscopy. Fig. 2. Semithin section of several spores (S) sectioned at different levels located within the nervous system (H). Fig. 3. Ultrathin longitudinal section of a spore body showing the homogenous
sheath (*) composed of 2 layers, the valves (V), the 2 polar capsules (PC), the polar filaments and their transverse sections (arrowheads) and the sporoplasm (Sp) with sporoplasmosomes. Fig. 4. Ultrathin section of a polar capsule (PC) showing some details of
the apical region (arrow), the capsule wall (W) and different polar filament sections (arrowheads). Fig. 5. Transverse section of a
spore at polar capsules (PC) level, showing the valves (V) and their sutures lines (arrowheads) surrounded externally by the
sheath (*) formed by 2 layers, all located within the nervous system (H). Fig. 6. Longitudinal section of the basal portion of the
spore body showing the external sheath (*), the valves (V), the nuclei (N) and sporoplasmosomes (Sps). The parasite is in contact
with the host nervous tissue (H). Fig. 7. Ultrathin transverse section of the spore body sectioned at the nucleus level (N) where numerous sporoplasmosomes (Sps) are present. In this section the sheath (*), the valves (V) and the host tissue (H) can be observed.
Fig. 8. Ultrastructural detail of sporoplasmosomes (Sps) with an eccentric dense structure with a half-crescent section, both
formed by a dense matrix and a surrounding homogenous sheath (arrowheads)
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internal arrangements of the polar filaments (i.e. number of coils and their position in relation to the PC axis)
(Lom & Dyková 2006). However, because the great
majority of Henneguya spp. have been described from
light microscope observations and diagrammatic
drawings of the spores, it is difficult to establish points
of similarity with which to compare several Henneguya spp.
The homogeneous sheath that surrounds the spores
has been described in only 6 other species of the genus
Henneguya: H. theca (Kent & Hoffman 1984), H. amazonica (Rocha et al. 1992), H. adherens (Azevedo &
Matos 1995), H. malabarica (Azevedo & Matos 1996),
H. testicularis (Azevedo et al. 1997) and H. rondoni
(Azevedo et al. 2008); in contrast to H. torpedo sp. nov.,
however, these species — with the exception of
H. theca and H. rondoni — were found to parasitize organs or tissues other than the nervous system of fishes.
When comparing Henneguya torpedo sp. nov. with
other species parasitizing the nervous system of fish,
the presence of a sheath surrounding the spore seems
to be an important characteristic that should be considered. While all surfaces of the spores of H. torpedo sp.

Fig. 13. Henneguya torpedo sp. nov. Schematic drawing of the
sporoplasmosome measuring ~280 × 260 nm at its greatest
breadth and surrounded by a homogenous sheath (~25 nm thick)

nov. had a complex and thick sheath composed of 2
layers of different electron densities, the H. theca
spore had a thinner sheath surrounding the spore
(Kent & Hoffman 1984), whereas the H. rondoni spore
had a thin homogeneous hyaline sheath, which surrounded only the tails (Azevedo et al. 2008).
The total spore lengths of Henneguya torpedo and
H. theca were similar; however, the spore body length
and spore width of the former were larger, while the
tails of the latter were longer.
The total spore size and the tail and spore body sizes
were all smaller in Henneguya rondoni compared with
those in H. torpedo sp. nov. Also, the dimensions of the
polar capsules were larger in H. torpedo spores.
H. rondoni spores were only detected in cysts located
in the peripheral nervous fibres of the lateral line of the
fish’s body (Azevedo et al. 2008), while the H. torpedo
spores were observed in the brain and spinal cord
tissues.
Unfortunately, since the previous descriptions of
Henneguya theca spores were not made from TEM
observations, we found it difficult, using our results, to
compare characteristics such as the number of polar filament coils, the organization of the sporoplasmosomes
and the type of sheath.
On the other hand, comparison of our observations
with all the other Henneguya spp. observations listed
by Eiras (2002), including the recently described new
species, demonstrates that most of the characteristics
are rather different.
We present a semi-schematic drawing of a spore of
Henneguya torpedo sp. nov. (Fig. 14) showing specific
characteristics, such as spore shape and dimensions,
the 2 equal-sized polar capsules and an evident thick
hyaline sheath surrounding the spores. Based on the
morphological and ultrastructural differences described, the host specificity, and the presence of a
homogenous and hyaline sheath surrounding the
spore, we are able to justify the establishment of this
new species, which we have named Henneguya tor-

Fig. 14. Henneguya torpedo sp. nov. Semi-schematic drawing of a valvar view of the spore of the myxosporean parasite from the
nervous system of the Brazilian freshwater teleost Brachyhypopomus pinnicaudatus obtained from light microscopy and ultrastructural data, showing species-specific characteristics such as a thick sheath surrounding all surfaces of the spore, the spore
shape and size, 2 equal-sized polar capsules, binucleated sporoplasm and 2 equal-sized tails. Some measurements (total length,
body length, polar capsule length and tail length) were obtained from ultrathin serial sections
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pedo sp. nov. This study shows that the proposed new
species, H. torpedo sp. nov., is the first to be recorded
in the brain and spinal cord of Brazilian teleost fishes.
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