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ABSTRACT: Previously publ~shed reports of whirling disease (WD) of salmonids (rainbow trout 
Oncorhynchus rnykiss, chinook salmon 0. tshawytscha and coho salmon 0. kisutch) in 4 South Arneri- 
can countries (Venezuela, Colombia, Ecuador, Chile) are reviewed. The disease(s) were shown not to 
be associated with infections with the myxosporean Myxobolus cerebralis, the cause of myxosporean 
WD. Our recent observations in Ecuador and Chile of salmonid diseases with clinical signs resembling 
those of myxosporean WD further demonstrated that the diseases in South America were not caused by 
M. cerebralis. In Chile, the diseases in coho salmon and rainbow trout were attributed to bacterial 
infections, whereas no infectious agent was associated with afflicted rainbow trout in Ecuador We con- 
clude that myxosporean WD of salmonids does not occur in South America. The causes of several other 
diseases of salmonids with clinical signs similar to those of myxosporean WD (e g whirling behaviour. 
skeletal deformities, blackened tails) include bacter~al or microsporidial infections of the meninges or 
brain, myxobacterial infections of the vertebrae, and dietary deficiencies. A diagnosis of myxosporean 
MID, therefore, cannot be made on clinical signs alone. Laboratory confirmation of the diagnosis 
through demonstration of the presence of M. cerebralis is necessary. 
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INTRODUCTION 

Whirling disease (WD) is an ailment of rainbow trout 
Oncorhynchus rnykiss first described in Germany by 
Hofer (1903). The disease is caused by the myxo- 
sporean Myxobolus cerebralis Hofer, 1903, which in- 
fects cranial and other cartilaginous skeletal elements. 
It is now known from most countries in continental 
Europe and from the former USSR, and has been intro- 
duced to the United States, New Zealand, South 
Africa, and the British Isles (Hoffman 1970, 1990, 
Markiw 1992). Herein we refer to this disease as myxo- 
sporean WD. Signs of the disease include whirling in a 
horizontal plane (known as 'tail-chasing'), deformities 
of the head, spinal curvature, shortened opercula, and 
blackening of the caudal region (Hoffman et al. 1969, 
Cordero del Campillo et al. 1975, Halliday 1976, 
Schaperclaus 1986, Markiw 1992). 

In South America, diseases with clinical signs resem- 
bling those of typical myxosporean WD have been 
reported since the early 1970s in several populations of 
rainbow trout and other salmonids. Although these dis- 
eases have been identified as 'whirling disease,' labo- 
ratory confirmation of the diagnosis through demon- 
stration of the causative agent A4yxobolus cerebralis 
has not been accomplished. Nevertheless, in some 
recent reviews (e.g. Schaperclaus 1986, Hoffman 1990) 
certain South American countries still have been 
included in the geographic range of myxosporean WD. 
It is important to clarify the status of WD in South 
America because of potential implications for interna- 
tional fish health protection measures that might be 
applied to trade in live salmonids and food products 
derived therefrom. 

In the present paper we review the validity of the 
reported occurrences of WD in South America, and 
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report on new studies in Chile and Ecuador on dis- 
eases of salmonids with clinical signs resembling those 
of myxosporean WD. 

HISTORICAL REVIEW 

The first report of WD in South America was based on 
a misinterpretation by Bogdanova (1968, 1970) of a pa- 
per published in Venezuela by Martinez (1966). Several 
other authors followed Bogdanova in listing Venezuela 
as a country from which WD has been reported (Anony- 
mous 1969, Hoffman et al. 1969, Christensen 1973, 
Cordero del Campillo et al. 1975). Although Martinez 
(1966) discussed WD (= 'Lentosporidiasis') as a serious 
problem in trout rearing, he did r~oi  stdie 01 i~lipiy ihdi it 
occurred in Venezuela. Hoffman & Meyers (1969) 
dropped Venezuela from the list of WD-affected coun- 
tries stating that the authorities concerned deny the 
presence of WD there. Presumably on the strength of 
this information, Hoffman (1970) and Bogdanova (1973) 
deleted Venezuela from the countries in which WD has 
appeared, although Schaperclaus (1986) continued to 
include it. 

According to Marin-Aponte et al. (1974), Espinoza & 
Diaz-Ungria (1970) observed rainbow trout in Vene- 
zuela with signs of WD and assumed, without labora- 
tory confirmation, that the disease was caused by 
Myxobolus cerebralis. Diaz-Ungria (1970) also re- 
ferred to the occurrence of WD in trout, as well as in 
Mugil brasiliensis and Cynoscion sp., in Venezuela. 
Prof. Diaz-Ungna subsequently advised the first author 
(pers. comm., July 13, 1976) that M. cerebralis was not 
isolated from these fish and that it was necessary to 
conclude that myxosporean WD has not been demon- 
strated to exist in Venezuela. 

Martinez (pers. comm. to the first author, April 20, 
1970), Marin-Aponte et al. (1974), Marin (1974-75), 
Halliday (1976), Ghittino & Vigliani (1978), and Conroy 
(1981) all have stated that WD is absent from Vene- 
zuela. Marin-Aponte et al. (1974) investigated a ram- 
bow trout disease in Venezuela having signs resem- 
bling myxosporean WD, but histological examination 
revealed that Myxobolus cerebralis was not the 
causative agent. Possibly, the disease they studied and 
that observed by Espinoza & Diaz-Ungria (1970) and 
Diaz-Ungria (1970) were the same as that reported 
later from Colombia by Conroy (1975). 

Conroy's (1975) interest and study of the disease in 
Colombia followed from an anonymously authored 
item in the FAO Fish Culture Bulletin (Anonymous 
1972) reporting that WD occurred in rainbow trout 
from 4 Colombian trout rearing facilities. Conroy 
(1975) undertook deta~led studies of afflicted rainbow 
trout in several hatcheries and fish farms in Colombia, 

including 2 that were mentioned in Anonymous 
(1972). The failure to detect Myxobolus cerebralis in 
any of these fish led Conroy (1975, 19811 to conclude 
that rnyxosporean WD does not exist in Colombia. 
One of the signs of the disease investigated by Con- 
roy (1975) was whirling around the longitudinal axis 
of the fish, in contrast to the horizontally circular 
whirling in the form of tail-chasing that is characteris- 
tic of WD caused by M. cerebralis. Apparently, the 
report of WD in Anonymous (1972) involved an incor- 
rect diagnosis based solely on clinical signs without 
laboratory confirmation. 

At about the same time that the reports from Vene- 
zuela and Colombia appeared in the literature, a brief 
note in the FAO Aquaculture Bulletin, attributed to 
ivieschkat (197i), reported the occurrence oi WD in 2 
trout hatcheries in Ecuador. All infected fish had been 
raised from eggs imported from Colombia. The note 
stated that the 2 hatcheries were infected with 
Myxobolus cerebralis. However, Dr Meschkat (pers. 
comm. to the first author, October 3, 1975) advised that 
his diagnosis was based on external signs only and that 
affected fry were not examined microscopically. Con- 
roy (1981) reported a similar response to his enquiries 
about the disease in Ecuador. It seems likely that the 
disease reported from Ecuador is the same as that 
investigated by Conroy (1975) in Colombia and is not 
myxosporean WD. 

The inclusion of Colombia and/or Ecuador by Cord- 
ero del Campillo et al. (1975), Christensen (1973), and 
Halliday (1976) among the countries that have experi- 
enced myxosporean WD apparently stems from the 
original FAO reports. Despite Conroy's (1975, 1981) 
results and views about the nature of the disease 
reported from Colon~bia and Ecuador, Hoffman (1990) 
continued to list these countries among those with a 
history of myxosporean WD. 

Apparently, the least known report (Anonymous 
1974) of WD in a South American country is that for 
Chile. This anonymously authored report, prepared by 
the Division de Pesca y Caza, Servicio Agricola y 
Ganadero, Ministeria de  Agricultura, on aquaculture 
in Chile, noted that 'mixosomiasis' (= WD) has been 
diagnosed there in Pacific salmon. No further details 
were provided. According to a former Director of the 
Division Protection Pesquera, Chile (pers. comm. to 
the first author, October 15, 1976), the affected species 
were Oncorhynchus kisutch (coho salmon) and 0. 
tshawytscha (chinook salmon), and the diagnosis was 
based on clinical signs without laboratory confirmation 
of the presence of Myxobolus cerebralis. Under these 
circumstances, the diagnosis must be considered sus- 
pect and requiring confirmat~on. 

To complete the historical review, we note that Mar- 
ques-Mendes (1980) reported Myxosorna (= Myxobo- 
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lus) cerebralis as the cause of scoliosis in Muyil 
brasiliensis from the southern coast of Brazil. No evi- 
dence was presented to support this diagnosis. 

RECENT OBSERVATIONS 

Ecuador 

In March 1994, one of us (M.K.) had the opportunity 
to examine rainbow trout with clinical signs of WD at a 
hatchery in the Riobamba region, Ecuador. One stock 
of yearling rainbow trout exhibited a variety of clinical 
changes suggestive of myxosporean WD, including 
whirling swimming, black tails, deformed vertebral 
columns, and flattened noses. Some fish also exhibited 
darkening on one half of the body exactly along the 
medial line. Other fish exhibited chaotic swimming 
behaviour with no obvious skeletal deformities. 
Approximately 30% of the fish (about 200) exhibited 
one or more of these changes. 

The heads, pieces of vertebral column, and visceral 
organs from 5 fish with skeletal deformities were pre- 
served in Davidson's solution and processed for histo- 
pathology. Affected skeletal areas exhibited deforma- 
tion of the bone, massive periosteal proliferation, and 
fibroplasia. Thorough microscopic examination of 
bone and cartilage sections revealed no myxosporean 
trophozoites or spores. 

Chile 

As part of routine diagnostic work conducted over 
the last 5 yr at several private salmonid hatcheries and 
lake and seawater netpen farms, several cases of dis- 
eases with clinical signs of WD have been observed by 
one of the authors (P.B.) (Table 1 ) .  Following extensive 
laboratory examinations, including examinations of 
heads by the plankton centrifuge method (O'Grodnick 
1975). Myxobolus cerebralis was not detected in any of 
these cases. In addition, M. cerebralis was not found in 
numerous clinically normal coho salmon and Atlantic 
salmon Salmo salar that were examined by the plank- 
ton centrifuge method to meet U.S. Title 50 import reg- 
ulations. 

DISCUSSION 

Although there have been several occurrences of 
diseases in cultured salmonids with clinical signs 
resembling myxosporean WD in South America, the 
historical evidence and our recent observations failed 
to associate Myxobolus cerebralis with these diseases. 
Several other diseases may cause whirling behaviour 
or skeletal deformities in salmonid fishes. Brocklebank 
et al. (1995) observed spiral swimming behaviour of 
Atlantic salmon reared in seawater netpens associated 
with a microsporidium in the hindbrain. A recently 

Table 1. Recent diseases of salmonid fishes in Chile with various clinical signs of whirling disease 

Species Developmental Habitat Clinical signs 
stage 

Etiology Date References 

Coho salmon, Alevins 
rainbow trout 

Freshwater, Spiral swimming, tail chasing Unknown Apr-Jul 
raceways 1994 

Authors' 
unpubl. 
data 

Rainbow trout Fry, alevins Freshwatr~,  Swlmming in splral and on Flexibacter Oct 1994 Bustos et al. 
lake pens sides psychrophilus (1 995) 
and hatcheries 

Coho salmon Juvenile 

Rainbow trout Juvenile 

Freshwater, 
lake pens 

Spiral swimming on longitudi- Flexibacter Late 1994, Entrala et al. 
nal axis and horizontally, leth- psychrophilus early l995 (1996) 
argy, exophthalmia, scoliosis, 
retrocranial swelling, darkening 
of body on medial hne, black 
tail, peduncle malfunctions 

Freshwater, Tail-chasing, circular 
lake pens swimming on sides 

Atlantic and Juveniles and Freshwater Swlmming on sides and 
coho salmon adults (from and seawater whirling 

post-smolt to netpens 
harvest size) 

Unknown Late 1994. Authors' 
early 1995 unpubl. 

data 

Renfbacterium Various Bustos et al. 
salmoninarum cases, (1992) 

1991-1995 
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described retrovirus-like virus that infects the brain 
causes abnormal spinning motion in various salmonid 
species in Japan (Oh et al. 1995). Bacterial infections of 
the meninges or brain by Flexibacter psychrophilus (= 
Cytophaga psychrophila) In coho salmon (Kent et al. 
1989,  Entrala et al. 1996)  or rainbow trout (Bustos et al. 
19951, and Renibacterium salmoninarum in Atlantic 
and coho salmon (Bustos et al. 1992,  Speare et al. 
1993) ,  also cause spiral swimming behaviour. Further- 
more, chronic infections of vertebrae by F psy- 
chrophilus also cause spinal deformities that may be 
suggestive of myxosporean WD (Conrad & DeCew 
1967). 

Ascorbic acid deficiencies may also cause skeletal 
anomalies in fish (Ashley et al. 1975). Black tails, lor- 
dosis, scc!icsis, acc! f!attcnrd heads [all :ypica! signs of 
myxosporean WD) were observed in salmonids reared 
in Portugal, and extensive examination of these fish 
did not reveal Myxobolus cerebralis infections (Wolf et 
al. 1981) .  No infectious agents were associated with 
this condition and the authors attributed the disease to 
tryptophan or ascorbic acid deficiencies. 

In Chile the recent cases of diseases resembling WD 
were attributed to bacterial infections (Table l ) ,  but it 
is unknown if any of these were the cause of a similar 
disease in Chile briefly reported in 1974 (Anonymous 
1974) .  The results of our recent observations on rain- 
bow trout from Ecuador are similar to those previously 
reported from the study of afflicted trout in Colombia 
and Venezuela in that skeletal abnormalities were 
prominent and the lesions were not associated with an  
infectious agent. 

In conclusion, as pointed out by Wolf et al. (1981), 
confirmation of myxosporean WD must include micro- 
scopic detection of Myxobolus cerebralis, and based on 
the evidence to date, M, cerebralis and myxosporean 
W D  do not occur in South America. To avoid further 
confusion, diseases showing spiral or whirling behav- 
iour or skeletal deformities in the absence of M ,  cere- 
bralis should not be called 'whirling disease' or the 
Spanish equivalent 'enfermedad de torneo'. 
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