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Abstract:

Whirling disease in trout is caused by a myxozoan parasite, Myxobolus cerebralis. The infectious
stages of this parasite move from the skin, through the nerves and into the cartilage of young fish where
the destructive effects of the parasite are seen. Very little is known about the immune response or
mechanisms of resistance of different salmonids when exposed to M cerebralis. The triactinomyxon
(TAM) parasite stage appears to have a limited time when released from the oligochaete (Tubifex
tubifex) to infect the salmonid host. Limited data has been obtained regarding the age-related viability
of the TAM and its ability to infect fish after release from the worm host.

To quantitatively assess TAM viability and infectivity, scanning electron microscopy was used to count
TAM attachments at various time intervals after TAMs were harvested from oligochaete cultures. Both
phase-contrast microscopy and vital staining protocol were used to enumerate TAMs and determine
viability at increasing TAM age. In addition, sagittal whole fish sections were prepared for histological
observation of parasite migration in fish epidermis.

Results with freshly harvested, 24, and 48 hour TAMs documented consistency between TAM
attachment, phase-contrast, vital staining, and sporoplasm migration data which indicated a significant
reduction in TAM viability and infectivity over time. At 72 hours post-harvest, phase-contrast
microscopy and the vital staining protocol documented 38% and 39% parasite viability, but TAM
attachment and sporoplasm migration data indicated few attachments or infective stages were present
in the epidermis. These results suggest visual observation of TAM morphology may indicate viable
parasites at increasing TAM age, but actual infectivity may be dramatically reduced in the first 48
hours after release from oligochaetes. Results also suggest this brief period of peak TAM viability may
be the most susceptible to disruption of the M. cerebralis lifecycle for prevention of disease expression
in early salmonid life stages.
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Abstract

Whirling disease in trout is caused by a myxozoan parasite, Myxobolus cerebralis.
The infectious stages of this parasite move from the skin, through the nerves and into the
cartilage of young fish where the destructive effects of the parasite are seen. Very little is
known about the immurie response or mechanisms of resistance of different salmonids
when exposed to M. cerebralis. The triactinomyxon (TAM) parasite stage appears to have
a limited time when released from the oligochaete (Tubifex tubifex) to infect the salmonid
host. Limited data has been obtained regarding the age-related viability of the TAM and
its ability to infect fish after release from the worm host. ,

To quantitatively assess TAM viability and infectivity, scanning electron microscopy
was used to count TAM attachments at various time intervals after TAMs were harvested
from oligochaete cultures. Both phase-contrast microscopy and vital staining protocol
were used to enumerate TAMs and determine viability at increasing TAM age. In
addition, sagittal whole fish sections were prepared for histological observation of ~
parasite migration in fish epidermis.

Results with freshly harvested, 24, and 48 hour TAMs documented consistency
between TAM attachment, phase-contrast, vital stalmng, and sporoplasm migration data
which indicated a significant reduction in TAM viability and infectivity over time. At 72
hours post-harvest, phase-contrast microscopy and the vital staining protocol documented
38% and 39% parasite viability, but TAM attachment and sporoplasm migration data
indicated few attachiments or infective stages were present in the epidermis. These results
suggest visual observation of TAM morphology may indicate viable parasites at
increasing TAM age, but actual infectivity may be dramatically reduced in the first 48
hours after release from oligochaetes. Results also suggest this brief period of peak TAM
viability may be the most susceptible to disruption of the M. cerebralis lifecycle for
prevention of disease expression in early salmonid life stages.
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INTRODUCTION

Salmonid whirling disease was discoverea in Europe in 1893. The causative agent
was identified as the protozoan parasite Myxobolus cerebralis (Mc).. It is believed the
parasite originally developed in association with brown trout, Salmo trutta, in central
Europe and Asia'and was non-pathogenic. Hofer initially reporteci the disease in rainbow
trout, Onchorynchqs mykiss, in Germany. The infected fish had recently been imported
from the United States. Since 1893, Mc has been shown to infect NUMErous §a1monid
species, (Hoffman 1990; Hedrick 1998). Over time, the parasite has spread worldwide

to over 21 countries due to the stocking of infected fish, discarding non-consumable fish

carcasses, or. from avian droppings (Hoffman 1990; Taylor and Lott 1978). Whirlihg

' disease was first diagnosed in the US in Pennsylvania in 1958. Circumstantial evidence

strongly suggests the origin of the disease in this country to be from imported frozen
European rainbow trout. At approximately the same time, whirling disease was also
found in Nevada. Importations of European fish ceased and no further positive sites were
reported until 1961. However, whirling disease has now been confirmed in 22 other
states. It has been surmised that the spread of whirling disease was lal;gely due to three
rﬁaj or vectors: (1) transfer of live f)'lsh; (2) movements of infected fish in streams; and

(3) parasite transfer from the feces of fish eating birds. Whirling disease is currently one
of the most serious threats to wild and captive salmonids throughout the C(;untry (Rognlie
and Knapp 1998), and has been associated with significant rainbow trout populétion

declines in both Colorado and Montana (Vincent 1996).
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Myxobolus cerebralis - Taxonomy, Life Cycle
and Parasitic Characteristics’

Myxoboli:s cerebralis possesses 'un'ique phenotypic and ‘genotypic characteristics
‘when compared with other Mﬁozoan parasites. Mﬁozoms are a diverse group of
multicellular or;ggnisms, although they were previously considered members of the
Protozoa, more recent comparisons of ribosomal aﬁd Hox genes suggest relationships
with the Bilateria or the Cnidaria (Smothers et al. 1994; Siddall et al. 1995; Schlegel et al.
1996; Andersqn et al. 1998; Kent et al. 2001). The distinct structural features of Mc
strongly suggest a close éimilarity to the Cnidaria. The Cnidaria utilize differentiated.
cells with extrusive filaments (cnidocysts) that are capable of trapping or attaching to
their host or prey (Siddall et al. 1995). Mec similarly utilizes extrusion of polar filaments
for attaching to the salmonid and oligochaete hosts. It falls within the order
Bivalvulidae, suborder Platysporina, and finally the genus Myxobolus (Kent et al. 2001):
Genetically based studies have documented a branching by Mc, separating it from other
Myxobolus species infecting fish. Several Mc isolétes have been studied genetically and
the lack of variation between the isolates frorﬁ diverse geographic re;gions appears to
validate the theory that tﬁe parasite was recently introduced to North America (Andree et
al. 1999). Wolfht~ and Markiw (1984) originally described a model for a two host life cycle
of Mc which included an obligate oligochaete, Tubifex tubzfex (Figure 1). Séquential
development of Mc in both the salmonid and the qligochaete hosts have been further
' illustrated through intensiv.e studies conducted By researchers from the University of N

Munich ( El-Matbouli 1998) (Figure 2).
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The initial development of Mc in the salmonid host begins with parasite attachment
and penetration of the.hosi by the triactinomyxon stage of the parasite. Tﬁactinomyxons
(TAMs) are relegsed into the water column by the oligochaete worm 7. tubifex, and may
remain viable for periods of 6 to 15 ds at water temperatures of 7-15° C (Markiw 1992;
El-Matbouli et al. 1999). Movement of TAMs is primarily a function of drifting in the
water column and is facilitated by the buoyancy of the TAM structure. The TAM must

‘locate a salmonid host to continue the parasites life cycle. The waterborne TAM consists
of an epistyle containing 3 polar cgpsules, each with a polar filament and a sporoplasm
aggregate with 64 germ cells (34 ym in h;aight). The associated stylus is approximately
134 pm long and the 3 rays or processes are approximately 193 um-each in length
(El-Matbouli énd Hoffman 1998) (Figure 3). The salmonid phase of the life cycle of Mc
begins with parasite attachment and penetration of the host by the TAM. TAM
attachment causes significant epiderfnal damage by three mechanisms: (1) extrusion of
polar filaments, (2) migration of the sporoplasm between cells, and (3) intracellular
development and release of parasite daughter cells from infeétedI host cellsl.

Evidently, distinct chemical énd mechanical stimuli must be present on the salmonid
host to facilitate firing of polar filaments for TAM attachment (El-Matbouli et al. 1999).
TAMs do not extrude their polar filaments in the presence of non-living msalrnonid hosts, |
indicating that both mechanical and chernic(al stimuli are necessary for infection.
Invading sporoplasm packets have a dense coat of villi combined with preformed

proteases which facilitates entry between cells in the epidermis (Speer 2000).
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Parasite attachment and pernetration occurs within seconds after contact between the TAM
and the fish host. Within 5 min post-exposure, sporoplasms are separated from the style
and are found in the epiderrﬁis of the fish (Figure 4). At 1 h after penetration of the
epidérmis, the sporoplasm (consisting of germ cells) penetrétes into epidermal cells
(El-Matbouli 1995).

At 2 h, post-exposure, most germ cells within the sporoplasm have undergone
mitotic division and begin to migrate into deeper tissues away from the epidermis. At
24 h, few parasites remain in the epidermis, and at 4 to 24 d post-exposure, parasites are
found primarily in nervous tissue, which they use to migrate to areas of host cartilage,
where further parasite replication occurs.

Parasite development in the cartilage appears to be temperature dependent. At 16-
17°C, parasites appear as early as 20 d post-exposure, while as many as 35 d may be
required at temperatures of 12-13°C (Halliday 1973). When parasites reach fish
cartilage, they digest the cartilage matrix and chondrocytes, which then signifies the end
of the presporogonic étage. Sporogony or sporogenesis begins which results in the
dévelopment of mature spores (Lom and Dykova 1992), which are-elliptically shaped,
approximately 10 um in diameter, and may exceed several million in number per fish
(Figure 5). Spore development requires 52-121 d, depending-on water_temperature
(Halliday 1973). Spores remain embedded in the fish skeleton even after cartilage

ossifies into bone. Parasite spores can only be liberated from the fish host by fish death

and decay, or by predation by other fish, birds, or fish eating animals.
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Vigble spores can pass through the alimentary tract of birds (El-Matbouli and Hoffiman
1991). Spores released in the environment, may re;nain viable for periods as long as 12
years and can withstand extreme physical and environmental parameters (Schaperclaus
1954; Lom and Dykova 1993).

Mature spores relea‘sed. from salmonid hosts are ingestéd by aQuatic oligochaetes,
however, continuation of the Mc life cyélp is dependent upon ingestion by 7. tubifex as an
obligate host (Figure 6). Similar to the T‘AM stage, ingested spores ext.rude polaf
filaments that facilitate attachment to the mucosal lining of the intestine. Upon polar
filament extrusion, spore valves open, and the binucleate sporoplasm migrates between
the mucosal epithelium. Further parasite development occurs in the lining of the
oligochaete just beneath the epithelium. Similaf_to sporogonic development in the
salmonid hosts, parasite development in the oligochaete is temperature dependent.
Temperatures lower than 17°C delay development, whereas temperatures above 30° C
may completely arrest the process. Within tﬁe oligochaete, Mc undergoes a sequence of
developmental phases, consisting of merogony, gametogony, and sporogony. At 17° C,
mero gdny occurs 5 to 25 d after ingestion and consists of severai cycles of binucleate
amoeboid cells dividing into daughter cells. Gamgtogony occurs 25 to 46 d post
ingestion, which produces pansporocysts through multiple divisions of binucleate ceils;
Pansporocysts consist of somatic cells surrounding two generative cells. Sporogony
begins at about 50 d post ingestion when gametocytes fuse to form zygotes. Eventually,.

zygotes develop into triactinomyxon spores, which may reach full development at 90 d
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(El-Matbouli 1995). TAM:s are released into the oligochaete lumen and péssed through
the anus into the aquatic environment. This event signals the completion of the two-host
life cycle asl the TAMs are.immediately capable of attaching to the fish host and initiating
anew cycle. A single oligochaete may remain infected for life and continually release
TAMs (Markiw 1986).

The level and severity of Mc infection has been 1.reported to be dose and temperature
dependent (Markiw 1992; El-Matbouli et al. 1999; Hedrick et al. 1999). At15° Can
optimél relationship appears to exist between 7. tubifex and Mc. At 25° C developrhent
and release of mature TAMS are hindered and production ceases after 96 h. At 5° C
TAM maturation occurs/, but at a much slower rate (El-Matbouli et al. 1999).

M. cerebralis infection severity is also reported to be dependent on fish age at first
exposure and TAM dosage. Larval fish (<9 weeks of age) consist mostly of cartilage,
are more susceptible to infection by Mc because the parasite prefers to develop in
cartilaginous tissue. With increasing age, the fish becomes less susceptible to Mc as
cartilage ossifies to bone and the fish develops a greater level of immunocompetence.
Therefore, in general terms, the older a fish is before it is exposéd to Mc, the greater its
chance of survival (Hedrick et al. 1998; Molﬁar 1991; Hoffman and Byrme 1‘974);

In‘ general, disease severity increases with increasing parasite dose. Clinical
whirling disease and mortality were observed in small, 2 d old rainbow trout exposed to

low doses of TAMs (10 TAMs/fish), however, 2 month old rainbow trout exposed to the

same dose produced no myxospores. Exposure studies with 2 month old rainbow trout
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documented an increasing number of myxospores per fish at 5 months post-exposure with
increasing TAM dosages (Markiw 1991, 1992).

Susceptibility to infection with Mc varies among many salmonid species and also
among strains and individual fish within a population. It may be measured by prevalence
of infection, appearance of clinical signs, severity of infection, and myxospore counts.
Among the Oncofhynchus spp., inland trout are highly susceptible to whirling disease,
~ but susceptibility is variable in anadromous salmonids. Coho salmon are much more
resistant to whirling disease than steelhead, sockeye, or chinook salmon (Hedrick et al.
2001). The greatest variation has been observed in Salvelinus spp. where brook trout are
susceptible, bull trout are partially resistant, and lake trout are resistant (O’Grodnick
1979; Hedrick et al. 1999). Susceptibility is determined by a variety of factors which
include: genetic variation between species or strains, fish age, fish size, parasite dose,
immune response, and water temperature. Recent observations indicate a German étrain
of rainbow trout may possess a higher degree of resistance to Mc. Preliminary
investigations by Hedﬁck et al. (2002) confirmed the Hofer strain is considerably more
résistant than any rainbow trout strains tested previously. Various immune parameters
and resistance mechanisms are currentiy being studied in the Hofer strain.

' Fish severely infected with Mc may develop clinical signs tﬁat prompted the
description of "whirling disease". Clinical signs of an Mc infection include whirling
behavior, a blackened .tail, shortened snout and operculum, exopthalmia, and scoliosis, all

of which are due to the direct and indirect effects of the parasite developing within
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éartilaginous‘tissue. Trophozoites of Mc digest cartilage and Aestroy normal architecture

necessary for proper bone formation, leading to skeletal deformities (Figures 7 and 8.)

Recent inveétiga’cions indicate tha;t developing parasites in the skull and vertebrae results

in constriction of the brainstem and spinal cord, which in turn c.lisrupts the neural control

(

of swimming, causing the radical whirling or tail chasing behavior (Hedrick et al. 1998).
The study of Mc reveals a very complex parasite whose evolution into a serious

fish pathogen has had severe economic and ecological consequences in North America.

The parasite has the potential to cause significant damage in both the salmonid and

oligochaete host. Management biologists in several states have monitored salmonid

* population declines associated with the presence of Mc. The complexity of the parasite

life cycle and environmeﬁte_ll variables provide a difficult task for parasite management.

Prior to discovery of the Mc life cycle, control measures generaliy involved total
removal of the infected fish and the spores from most hatchery facilities. In many
instances, hatchery facilities were totally depopulated and disinfected prior to
continuancé of production proéams. With the knowledge that the parasite uses two hosts
to complete its life cycle, hatchery managers can now use various practices to manage
this. disease. It is common practice to minimize the use of earthen or gravel bottom ponds
in Mc infected areas when culturing susceptible species, th(_areby eliminating the aquatic
oligochaete habitat. In addition, with knc;wledge of the impacts of the parasite c;n young
fish, it is now become an important management strategy to provide older fish for

stocking into known Mc positive waters in order to minimize the development of the














































































































































































































































