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Abstract

The extrapiscine developmentMfyxobolus portucalensis myxosporean parasite of the subcutaneous connective
tissue of eelAnguilla anguillaL. was studied in the experimentally infected oligochaiibifex tubifex After

infecting parasite-free tubificids with mature sporesvbf portucalensis development of actinosporean stages

was first observed with a light microscope 26 days after infection. Triactinospoids pdrtucalensiemerged

from the worms after 160 days of intra-oligochaete development. It was observed in histological sections that
early pansporocysts were located in the gut epithelium of the experimental oligochaetes. Mature pansporocysts,
each containing eight triactinospores, appeared 149 days after infection. After the rupture of pansporocysts, free
actinospores were found in the lumen of the oligochaete gut. Released actinospores were floating in the water and
showed a typical triactinomyxon form. Each triactinospore had three pyriform polar capsules, a sporoplasm with 32
secondary cells, a moderately long style and three slightly curved, sharply pointed caudal processes. The prevalence
of infection inT. tubifexproved to be 52.5% (n = 40). No infection was foundLimnodrilus hoffmeisteror in

control Tubifexspecimens.

Introduction pavlovskiiAkhmerov, a parasite of the silver cary-
pophthalmichthys molitriby Ruidisch et al. (1991),
Wolf & Markiw (1984) proved that the extrapiscine M. carassiiKlokacheva, a parasite of the golden orfe
development ofMyxobolus cerebralisHofer takes Leuciscus idusy El-Matbouli & Hoffmann (1993),
place in oligochaete alternate hostailfifex tubifex M. arcticus Pugachev & Khokhlov, a parasite of the
which act as the site of development for the triactino- sockeye salmom®ncorhynchus nerkédy Kent et al.
myxon stages previously attributed to the Class Acti- (1993), andM. cultus Yokoyama, Ogawa & Wak-
nosporea of the Myxozoa. Since then, several exper- abayashi, a parasite of the goldfi€arassius aura-
iments have demonstrated that actinosporean sporedus by Yokoyama et al. (1995). Of other genera of
developing in oligochaetes infect fishes which, after a myxosporeans, successful life-cycle studies have been
complicated intrapiscine development, produce myx- performed orHoferellusBerg,Ceratomyxal hélohan,
osporean spores capable of infecting oligochaetes. InZschokkellaAuerbach MyxidiumButschli and on the
this way, successful experimental studies have beencausative agent of proliferative gill disease of chan-
done on several myxosporeans. The following par- nel catfish (Styer et al., 1991; Bartholomew et al.,
asites of the genuMyxobolusBiitschli have been  1997; Grossheider & Kdrting, 1992; El-Matbouli et
studied so far as to their life-cycleM. cotti El- al., 1992a; Benajiba & Marques, 1993; Yokoyama et
Matbouli & Hoffmann, a parasite of the bullhead al., 1993; Uspenskaya, 1995; Trouillier et al., 1996;
Cottus gobidoy El-Matbouli & Hoffmann (1989)M. Yokoyama, 1997). In each case various Oligochaeta
_— spp. proved to be alternate hosts.
_* O_n Ieave_ from the National Institute of Oceanography and More recently the intraoligochaete development
Fisheries, Cairo, Egypt. . L
of two more myxosporidiansMyxobolus drjagini

Student of the doctoral programme in Zootaxonomy, Synbiol- . , )
ogy and Hydrobiology at “Ldand Eotvds” University, Budapest, Akhmerov andM. hungaricuslaczo, has been studied

Hungary.



96

experimentally in our laboratory (EI-Mansy & Molnér,
1997a, 1997b).

Myxobolus portucalensiwas originally described
by Saraiva & Molnar (1990) from rivers of Portu-
gal. Plasmodia containing spores were recorded inside
the fins in the subcutaneous connective tissue of eel
Anguilla anguilla.

The present paper reports on experimental infec-
tion of the oligochaet&ubifex tubifexwith M. por-
tucalensisspores, followed by the development of
actinosporean stages of the triactinomyxon type in that
worm.

Materials and methods

Spores ofMyxobolus portucalensisvere collected
from mature plasmodia in the fin of European eel
Anguilla anguilla(L.) from Lake Balaton, Hungary.

Oligochaetes Tubifex tubifex (Mdller) and
Limnodrilus hoffmeisteri (Claparede), identified
according to Brinkurst (1963), were collected from
a muddy pool on the top of a hill where no fishes
live. They were transferred into autoclaved mud and
propagated in the laboratory in aerated aquaria. The
worms were fed on drops of granulated fish food, and
pieces of chicken faeces were added to increase the
organic matter content of the mud. Normal tap-water
was used throughout the experiment. The temperature
of the room varied between 18 and 22.

Two types of containers were used for the exper-
iments. A proportion of the oligochaetes was placed
into an aquarium containing 5 litres of water, while
others were placed into a small plastic cup of 500 ml
volume. A third dish (a plastic cup) containifigbifex
andLimnodrilusspecimens from the same stock was
used as a control. All containers were permanently
aerated and regularly supplied with fresh water to
prevent evaporation and to refresh the water for the
oligochaetes. The aquarium contained about 100—-300
specimensT{ubifexandLimnodrilusin about the same
number), while the plastic cup contained about 100
specimens. Oligochaetes in both the aquarium and
the plastic cup were exposed to infection by adding
700,000 myxospores. From the exposed stocks, 40
Tubifex and 40Limnodrilus specimens were exam-
ined for the presence of development stages during the
experiment. The same number of oligochaetes were
checked from the control group.

The development of actinosporean stagedvViof
portucalensiswas checked regularly by the follow-

25Myfxobolus portucalensieleased from experimentally infect@dbifex tubifeXmeans and ranges in micrometres)

Table I. Measurements of the triactinospore (n

No. of égcondary cel

Polar capsule dimensions

Caudal process dimensions

Spore body dimensions

Style width at start/at end

Style length

Entire length

32

190.7 (156-225%) 15.3 (14-16.5) 5.2 (4.5-5.5) 3.2 (3.0-3.5)

36.6 (36<30).6 (9.5-12)

10.2 (8.5-12)/19.6 (19-20)

101 (97-106)

328 (326-330)
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Figures 1-4.Histological sections oTubifex tubifexinfected byMyxobolus portucalensiactinosporean stages (H & E) 1. Cross-section of

a tubifex. Cuticle of the worm (a), intestine of the worm (b), early developmental stages, presumably young pansporocysts (arrow) in the
epithelium 26 days after infection with myxospores400. Inset: Enlarged part of the pansporocyst-infected area (asteri8Rp. 2. Gut
epithelium of a tubificid harbouring progressed stages of pansporocysts 122 days after infet{@30. 3. Mature pansporocysts in the gut
epithelium containing triactinospores 150 days after infection. Polar capsules of triactinospores (small arrow). Sporoplasm of triactinospores
containing secondary cells (large arrow)1,000. 4. Triactinospores released into the lumen of the oligochaete’s gut 155 days after infection.
Polar capsules of triactinospores (small arrow). Secondary cells of the sporoplasms (large<atffi0)
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Figure 5. Schematic illustration of the triactinosporeM{/xobolus portucalensiga) polar capsules; (b) sporoplasm; (c) secondary cells in the
sporoplasm; (d) length of the spore body; (e) style; (f) length of the style; (g) nuclei of the valvogenic cells; (h) caudal Soadedsar 100
pum.



Figures 6-7. Waterborne triactinospore dyxobolus portucalensisnvaginations at the tip of the caudal processes (arron&)0. 7. Enlarged
view of triactinosporex 400.

ing methods: (1) Twice a week the oligochaetes were (Székely, 1997). Photos and drawings were made

placed carefully under a coverslip and examined under and measurements recorded. All measurements in the

200x magnification for the presence of developmental description are given in micrometres on the basis

stages. (2) Starting from the third week after infection, of 25 triactinospores. In the description of the acti-

seven oligochaetes were placed into 2 ml cell-well nosporean stages bf. portucalensighe terminology

plates (Yokoyama et al., 1991) three times a week, of Janiszewska (1957), as modified by Lom et al.

and after a day of incubation the water of the wells (1997), is used.

was checked for the presence of actinosporean spores

(subsequently called actinospores) under a compound

microscope. (3) Every two days, water from the aquar- Results

ium and from the small dishes was filtered through a

fine mesh of 1Qum pore size. The filtrates were added [ ight microscopy

to a small amount of water and examined for the pres-

ence of actinospores. (4) Every week two oligochaetes Only Tubifex tubifexproved to be a good alternate

were sacrificed for histological examination, a total of host forM. portucalensisand no infection was found

15 infectedTubifex being fixed in Bouin’s solution, in Limnodrilus hoffmeisterilnfection of Tubifexwas

embedded in paraffin wax, cutintqdn thick sections  found only in specimens collected from the small cup.

and stained with haematoxylin and eosin. During a period of 5 months and 10 days, Ribifex
Triactinospores released by the oligochaetes were specimens proved to be infected with actinosporean

examined under a coverslip. They were recorded with developmental stages. The first sign of infection in liv-

the help of a video image program on videotapes ing specimens was recorded 26 days after infection. At

that time, developmental stages were located in the gut
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epithelium of the worms. In severe cases the infection |
was found in most of the segments. In less severe cases
the infection was found only in the centrally located ;
segments. In the subsequent period these stages grev.

in number and size and pansporocysts, each containing
8 developing triactinomyxons, were observed inside
the body ofTubifex Actinospores were first released

from living oligochaetes into the water 160 days after |
infection and their presence in the water was recorded

for about 3 weeks after first release. The released acti-
nospores proved to be characteristic triactinomyxon
types. No actinosporean infection was found in the |
control tubifex specimens.

Histological evidence

The first developing stages were first recorded in
Tubifex tubifex26 and 27 days after infection. These
young trophozoites and early stages of pansporocysts
were located both in the intestinal epithelium (Fig-
ure 1) and the ovary. In a transverse section prepared
122 days after infection, more developed, round pans-
porocysts with a relatively light cytoplasm and dark
nuclear aggregations were found in the epithelium
(Figure 2). Mature pansporocysts within the tubificid
mid-gut were formed 150 days after infection (Fig- Figure 8. Waterborne triactinospore d#yxobolus portucalensis
ure 3). These pansporoblasts were oval or rounded and!easing secondary cells from the sporoplash,000.

each contained 8 sporoblast cells of irregular shape.

At that stage of development the spore body and the g;_; 5 i1 jength. Its width measures 10.2 (8.5-12.0)

folddedbp rOJeCt'OTtOf the future trlactlr:(:r?p:)re could af[l' anteriorly and 19.6 (19-20) posteriorly. The caudal
trﬁZc'c)i/noE;;Jsc?r%r; ngsr;igszgr}%? theanggg)%ggyggprocesses are slightly curved, tapering toward the
into the gut lumen 155 days after infection. In these end and terminating in a sharp point. The length of

advanced stages the 3 polar capsules, the sporoplasrrf}ce caudal processes is 190.7 (156-225) and their
with the secondary cells, the folded projection of the dth is 15.3 (14.0-16.5). Among triactinospores

with fully-developed caudal processes there were
ﬂlit.ure s;yle and the caudal processes were dEzte(:tedspecimens with less erect tails bearing a fold at the
(Figure 4). end of the caudal processes (Figure 6). The length
from the apical point of the polar capsules to the end

of the sporoplasm (epispore or spore body) measures
Triactinospores (Table |, Figures 5-7) released 36.6 (36.5-37.0). The distance from the polar capsules
from the tubificid body and floating in the water to the end of style (spore body plus style) measures
were characterised by 3 pyriform polar capsules, a 143 (142-143.5).

sporoplasm, a moderately long style and 3 slightly

curved, sharply pointed caudal processes. The whole ~ The prevalence of infection in experimental
length of the triactinospore was 328 (326-330). The Tubifexspecimens was 52.5% (n = 40).

polar capsules are pyriform in shape, 5.2 (4.5-5.5) in

length and 3.2 (3.0-3.5) in width. The sporoplasm is

elliptical, 31.9 (31.5-32.0) in length, 10.6 (9.5-12.0) Differential diagnosis

in width and contains approximately 32 spherical

secondary cells which are 4.4 (4.0-4.5) in diameter The triactinospores oM. portucalensisdiffer from
(Figure 8). The style is moderately long, being 101.4 the known triactinospores in the following character-

Description of triactinospores
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Figure 9. Schematic diagram of the life cycle bfyxobolus portucalensigA) intrapiscine development; (B) myxospore; (C) intraoligochaete

development; (D) actinospore; (a) mature myxospores leave the fish; (b) ingestion of myxospores from the mud by the oligochaete; (c)

triactinospores developed in the tubifex are released into the water; (d) waterborne triactinospores infect the eel.

istics. The number of secondary cells of sporoplasm the latter species (82m) is shorter than that dfl.

in the triactinospore ol. portucalensisvas constant
(32) while in the case of triactinospores M. cere-
bralis it varied from 32 to 50 (Wolf & Markiw, 1984).
For matureM. cotti andM. hungaricusl8 secondary
cells (El-Matbouli et al., 1989; El-Mansy & Mol-
nér, 1997b), foM. drjagini 14 (EI-Mansy & Molnatr,
1997a) and foM. carassiiabout 150 secondary cells
(sporozoites) (EI-Matbouli & Hoffmann, 1993) were
recorded.

The total length oM. cerebralis, M. cottandM.
drjagini (135, 88 and 198:m, respectively) was less
than that ofM. portucalensig326—329um). On the
other hand, the length . carassiiappears to exceed
that ofM. portucalensisas inM. carassiithe long cau-
dal processes alone measure 2. The total length
of M. hungaricusis about the same, but the style of

portucalensis.

Discussion

Two Myxobolusspp. M. kotlaniMolnéar, Lom & Ma-

lik, 1986 andM. portucalensisSaraiva & Molnar,
1990) are known from the subdermal tissues of the
European eeAnguilla anguilla The spores show only
slight differences in their measurements. Saraiva &
Molnar (1990) distinguished their species first of all
on the basis of its different location. New data suggest
that the two species might be synonymous. Although
M. kotlani has been described from the skin avid
portucalensigrom the fins, the first species was found
in very small fishes where the fins are underdeveloped
and unsuitable to support the developmeri¥lgkobo-
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& Markiw (1984), El-Matbouli & Hoffmann (1989,
1993) and Ruidisch et al. (1991M. portucalen-
sis developed in the tubificid alternate host and its
deV,eIOpment was successfully reprOduced?lirbifeX_ Bartholomew, J.L., Whipple, M.J., Stevens, D.G. & Fryer, J.L.
tubifex The development took place both in the in- (1997) The life cycle oCeratomyxa shas@myxosporean para-
testinal epithelium and in the ovary; however, using site of salmonids requires a freshwater polychaete as an alternate
light microscopy we could not decide whether the _ host.Journal of Parasitology83, 859-868.

. . Benajiba, M.H. & Marques, A. (1993) The alternation of actino-
observed developmental stages occupied an intracel- myxidian and myxosporidian sporal forms in the development
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