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Abstract. The egg shell of Huffmanela huffinani Moravec, 1987 forms three main layers: an outer vitelline layer, a middle
chitinous layer, and an inner lipid layer. The vitelline layer, forming the superficial projections of the egg shell, comprises two
parts: an outer electron-dense, and an inner electron-lucid part. The chitinous layer is differentiated into three parts: an outer
homogenous electron-dense part, a lamellated part, and an inner electron-dense net-like part. The lipid layer comprises an outer
net-like electron-lucid part, and an inner homogenous electron-lucid part. The polar plugs are formed by electron-lucid material

with fine electron-dense fibrils.

At present, the trichinelloid genus Huffmanela
Moravec, 1987 comprises eight species of histozoic
parasites of fishes, of which seven are known only by
their characteristic eggs (Moravec 2001). The adult
nematodes have been described only in the type species,
Huffimanela huffmani Moravec, 1987. H. huffimani is the
only representative of the genus from freshwater fishes,
and parasitises centrarchids in the Upper San Marcos
River, central Texas (Huffman and Moravec 1988).
Advanced (larvated), dark-shelled eggs of this parasite
occur frequently in masses in the swimbladders of host
fishes, appearing as black spots there. The eggs are laid
with thin shells and then, in the host’s tissue, they in-
crease in size somewhat and change in colour. The
chitinous layer of the egg shell becomes thicker and
gradually turns from colourless to brown or even black.

The ultrastructure of trichinelloid eggs has so far
been studied mainly in species of the family Trich-
uridae, intestinal parasites of mammals (Wharton and
Jenkins 1978, Preston and Jenkins 1984). Some data on
the egg morphology of these tissue parasites have been
published at the light microscopical level (Moravec
1987, Huffman and Moravec 1988, Moravec and
Campbell 1991, Gallego et al. 1993, Moravec et al.
1998), but no data are available on the egg shell ultra-
structure of trichosomoidids developing in host tissues.
The present study describes, for the first time, the
ultrastructure of the egg shell of a trichosomoidid para-
sitic in a piscine host.

MATERIALS AND METHODS

The fish Lepomis auritus (L.) infected with Huffmanela
huffimani eggs were caught in the Upper San Marcos River in
San Marcos, Texas, on 19 September 1999. The swimbladder
wall used for the TEM study contained only fully developed

eggs; neither young eggs nor adult nematodes were detected.
Infected parts of the swimbladder were rinsed in saline, fixed
in 3% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2) at
4°C for 2 h, postfixed in 1% osmium tetroxide at 4°C for 2 h,
dehydrated in an ethanol series and embedded in Durcupan via
acetone. A series of ultrathin sections were cut using a Leica
UCT ultramicrotome, double stained with uranyl acetate and
lead citrate and viewed in a JEOL 1010 transmission electron
microscope operated at 80 kV. Semi-thin sections were stained
in toluidine blue. For SEM examination, the eggs were post-
fixed in 1% osmium tetroxide, dehydrated through an ethanol
series and acetone, and then subjected to critical point drying.
They were coated with gold and examined with a JSM-6300
scanning electron microscope at an accelerating voltage of 15
kV.

RESULTS

In the swimbladder wall, the fully formed eggs of H.
huffmani were localised intracellular (Figs. 3, 4, 7),
extracellular, and in granulomas (1-5 eggs per granu-
loma) (Figs. 8-10). The eggs have a typical trichinelloid
structure. The egg shell consists of three layers: an
external electron-lucid vitelline layer which envelops
the entire egg including the polar plugs, a middle
electron-dense chitinous layer, and an inner electron-
lucid lipid layer. The chitinous and lipid layers do not
change with age, but the vitelline layer does. At first,
the vitelline layer is thin, consisting only of electron-
lucid material (Fig. 4). The electron-lucid vitelline layer
with typical superficial projections (Figs. 1, 2) later
differentiates into two parts, an internal electron-lucid
part and an external electron-dense part (Figs. 3, 7).
Finally, both parts grow stronger (mainly in granu-
lomas, see Figs. 8-10) and the outer part of the vitelline
layer becomes more electron-dense (Figs. 8-10).
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Figs. 1-8. Huffinanela huffmani eggs, scanning electron and transmission electron micrographs. Fig. 1. Egg shell surface
structure. Fig. 2. Detail of vitelline layer superficial projections. Fig. 3. Vitelline (arrow) and chitinous (C) layers of egg localised
intracellular in swimbladder tissue; arrowheads — superficial projections of vitelline layer. Fig. 4. Egg shell with vitelline layer
(V), not differentiated into two parts, and well-visible lamellae of middle part of chitinous layer (MC); OC — outer homogenous
part of chitinous layer. Fig. 5. Cross-section of net-like (arrow) and homogenous (HL) parts of electron-lucid lipid layer; IC —
inner homogenous part of chitinous layer; NC — net-like part of this layer. Fig. 6. Same as in Fig. 5, horizontal section; net-like
part of chitinous layer (NC); net-like (arrow) and homogenous (HL) parts of lipid layer. Fig. 7. Detail of vitelline layer (arrow)
and superficial projection (SP) of egg localised intracellular. Note thin electron-dense part of vitelline layer; M — host cell
mitochondria. Fig. 8. Detail of vitelline layer (V) and superficial projections (SP) of egg localised in a granuloma. Note thick
electron-dense part of vitelline layer; C — chitinous layer. Scale bars: Fig. 1 = 10 pm; Fig. 2 =3 pm; Fig. 3 =1 pm; Fig. 4 =200
nm; Figs. 5-8 = 500 nm.

Figs. 9, 10. Huffinanela huffinani eggs, transmission electron micrographs. Fig. 9. Longitudinal section through egg shell at plug
region. Note electron-lucid (A) and less electron-lucid (B) parts of plug (PL). Vitelline layer (double arrow) with superficial
projections (arrows) differentiated into electron-lucid inner part and electron-dense outer part; CCH — collar of chitinous layer;
HT - host tissue. Fig. 10. Tangential section through plug region of egg localised in a granuloma (G). Note plug (PL),
differentiated in two parts (A, B), and superficial projections of vitelline layer sectioned longitudinal (arrows) and transversal
(double arrow); CCH — collar of chitinous layer surrounding plug. Scale bars: Fig. 9 =1 um; Fig. 10 =2 um.

Simultaneously the superficial projections of the vitel-
line layer grow in size and become easily visible on the
polar plugs (Figs. 9, 10) as well as on the remaining part
of the egg (Figs. 3, 7, 8).

The middle chitinous layer consists of three parts: an
external homogenous electron-dense part, a middle
lamellar part (Fig. 4), and an inner electron-dense net-
like part connected to the net-like part of the electron-
lucid lipid layer (Figs. 5, 6). The lamellae of the middle
part of the chitinous layer consist of electron-dense and
less electron-dense material (Fig. 4). The lipid layer is
thin and electron-lucid. It consists of two parts, an exter-

nal net-like part and internal homogenous part (Fig. 5).
The lipid layer borders the whole inner part of the egg
shell including the polar plugs.

The polar plug sits in a collar formed by the chitinous
layer (Figs. 9, 10). The external part of the plug is
covered by the vitelline layer, the inner part is bordered
by the lipid layer. The plug consists of an electron-lucid
matrix with electron-dense fibrils (Figs. 9, 10). The
outer part of the plug contains more of these fibrils, thus
dividing the plug into an outer (more dense) and inner
layer (Figs. 9, 10).
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DISCUSSION

Trichinelloid eggs are typically oval- or barrel-
shaped with a plug at either end.

The present ultrastructural results of fully formed
Huffimanela huffmani egg shells correspond to the
general ultrastructure of the trichurid nematodes
Trichuris suis (Schrank, 1788) and Trichuris muris
(Schrank, 1788) studied by Wharton and Jenkins (1978)
and Preston and Jenkins (1984). They differ strictly
from the general ultrastructure of the capillariid
nematode Calodium hepaticum (Bancroft, 1893) studied
by Grigonis and Solomon (1976) and Wharton (1980).
In H. huffmani, the three main egg shell layers, vitelline,
chitinous and lipid, are well formed. They are
distinguished from the trichurid egg shells mainly in the
changes in the vitelline layer after oviposition. In H.
huffimani, changes occur only in the vitelline layer and
their superficial projections. This layer, primarily thin
and electron-lucid, grows and differentiates into two
layers, an outer electron-dense layer and an inner
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