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ABSTRACT: A flagellated parasitic protozoan, similar to Hexamita salmonis, was found in large num- 
bers in all internal organs, except muscle, in diseased sea-caged postsmolt Atlantic salmon (200 to 
250 g). In postsmolts, whitish granulomatous nodules, containing large numbers of Hexamita sp., were 
present in kidney and liver. In large salmon (4 to 5 kg), the most severe lesions were boils in caudal 
muscle. These unusual cases of hexamitosis were recorded at 4 fish farms in northern Norway 
(approximately 70" N). No bacteria or virus that could be linked to the disease were demonstrated. 

INTRODUCTION 

The flagellated parasitic protozoan Hexamita 
salrnonis Moore, 1922, has been found in the gut of 
salmonids in freshwater in many countries (e.g. Sano 
1970, Ferguson 1979, Lom 1984, Poynton 1986, Poppe 
1990, Poynton & Morrison 1990). Problems due to this 
parasite are mainly seen in fingerlings during warm 
periods in the summer. Characteristic signs include 
anorexia, dark coloration, and faecal pseudocasts. This 
parasite does not seem to occur commonly in Norway, 
and has been found only in some hatcheries and occa- 
sionally in feral salmonids during summer. 

In November 1989, increased morbidity and mortality 
were noted in a cage of postsmolt Atlantic salmon Salmo 
salar L. (200 to 250 g)  in a sea-water fish farm in northern 
Norway (70' N) (MO et al. 1990). In fish investigated at the 
farm, large numbers of highly motile hexamitid flagel- 
lates were observed in the blood and in whitish nodules in 
liver and kidney. Live salmon were submitted to the 
National Veterinary Institute for investigation and identi- 
fication of the parasite. Sirmlar observations were made at 
2 other fish farms, one in December 1989 and one in 
October 1990. In June 1991, boil lesions restricted to the 
caudal musculature were noted in large fish (4 to 5 kg) 
at a fourth farm during slaughtering. The lesions were 
red-brownish in colour and contained large numbers of 

flagellated protozoans. The observations made on these 4 
unusual cases of hexamitosis are presented here. 

MATERIALS AND METHODS 

Case Farm A. This fish farm is situated near Alta in 
northern Norway (Fig. 1). The water temperature was 
about 6 "C and the salinity was about 31 %, in late 
November 1989, when 9 live salmon (200 to 250 g)  
were shipped by air for investigation at the Fish 
Disease Laboratory, National Veterinary Institute 
(NVI). The smolts had been put out into the sea in 
August 1989. Most of the fish had been feeding 
actively until they were sorted out for investigation. 

Parasitology: The fish were killed by a blow to the 
head. Coverslip-covered smears and imprints were 
made from blood drawn from the caudal vein and from 
all internal organs. From organs with macroscopically 
visible lesions, the imprints were made from the 
lesions. The fresh smears and imprints were examined 
in a phase-contrast microscope. Smears and imprints 
were also made from the same organs for staining. The 
slides were air-dried, fixed in l00 % methanol for 
5 rnin and stained with LeishrnadGiemsa and Wilder's 
silver impregnation stain according to Culling et al. 
(1985) before examination in a light microscope. 
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Fig. 1. Locat~ons in Norway of 4 salt-water fish farms (A to D) 
where hexamitosis has been diagnosed and of the hatchery 

supplying smolts to the farms 

Sections from gills, heart, brain, ludney, liver, pyloric 
caeca with pancreas, spleen, swim bladder and muscle 
were taken from the autopsied fish and fixed in 10 % 
neutral-buffered formalin. The tissue specimens were 
processed routinely for histology, 5 pm paraffin wax 
sections being stained with haematoxylin and eosin 
(H & E), Periodic Acid-Schiff (PAS), Gram, Ziehl 
Nielsen, Wilder's silver impregnation stain, and Lillie's 
allochrome (Culling et al. 1985). 

Sections from swim bladder for scanning electron 
microscopy (SEM) were taken from the same fish and 
fixed in 3 % glutaraldehyde in 0.1 M buffer. The 
SEM samples were dehydrated in an ethanol series 
to 100 %, critical point CO2-dried, coated with gold 
in a Polaron sputter, and viewed in a Cambridge 
Stereoscan. 

Microbiology: For bacteriology, samples were taken 
from the lesions in the kidney and liver and cultured on 
blood agar, 2 % NaCl supplemented blood agar and a 
selective IGdney Disease medium (S-KDM) (Austin et 
al. 1983). The blood agar plates were incubated at 15 
and 22 "C for 4 d while the S-KDM plates were incu- 
bated at  15 "C for up to 3 wk. 

For virology, samples were taken from mid-kidney 
and treated according to standard procedures with 
incubation at 15 "C on RTG-2 cells for 2 X 10 d. 

Case Farms B, C and D. These fish farms are situated 
near Serraya (Farm B) ,  near Vzray (Farm C), and near 
Nordreisa (Farm D) in northern Norway (Fig. 1). The 

diseased salmon were investigated in December 1989, 
October 1990, and June 1991, at Farms B, C, and D,  
respectively. The water temperature and salinity at 
each farm was about the same as for Farm A ,  except 
that the water temperature at Farm D was about 10 "C. 
Between 5 and 10 fish were examined on the fish farms 
by local veterinarians. Smears and imprints were made 
from internal organs. Formalin-fixed tissues was sent 
to NVI for histological verification. One slaughtered 
adult salmon from Farm D was sent to NVI for investi- 
gation of boils in the caudal muscle. 

The nomenclature of the condition is made in accor- 
dance with the guidelines given by Kassai et al. (1988). 

RESULTS 

Case Farm A 

Macroscopic observations. The diseased fish were 
in normal bodily condition, although significantly 
smaller than other fish in the same age-group on the 
same fish farm. The salmon were infested with a few 
sea lice, mostly Lepeophtheirus salmonis, though a few 
Caligus elongatus were also found. No external lesions 
were noted. 

In most fish, the colour of the liver was lighter than 
normal. Two fish had prominent whitish nodules on the 
liver surface (Fig. 2a) and in the posterior part of the 
kidney (Fig. 2b). The nodules were easily scraped off, 
leaving a soft, haemorrhagic crater. The contents of the 
posterior gut was more fluid than normal with a green- 
ish colour. Three fish showed extensive haemorrhage 
in the cerebral meninges. 

Microscopic observations. Large numbers of highly 
motile, flagellated hexamitid protozoans could be 
demonstrated in fresh blood smears, and in fresh 
imprints from the whitish nodules and all organs 
except muscle. (Three months later, in January 1990, 
they could also be demonstrated in boils m the muscle, 
mainly in the caudal region.) Typically, the hexamitid 
protozoans were pear-shaped with 6 anterior and 2 
posterior flagella, and were slightly smaller (6 to 8 pm 
long) than red blood cells. The SEM study of the 
swim bladder was complicated because of interference 
with particles, probably inflammatory cells and cell 
debris. A large number of trophozoites of a flagellated 
hexamitid protozoan were found, but the flagellar 
bases could only be studied in a few specimens. This 
showed that the parasite has anterior lateral flagellar 
bases and a blunt end with the 2 recurrent flagella 
emerging posteriorly (Fig. 3). Thus it belongs to the 
genus Hexamita and not Spironucleus which has 
anterior medial flagellar bases and a pointed posterior 
end with the recurrent flagella emerging postero- 
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Fig. 2. Salmo salar. Atlantic salmon with hexamitosis; granulornatous lesions in (a) liver, (b) kidney 

laterally (Sarah Poynton pers. comm.) So far, we have 
not been able to differentiate the Hexamita sp. from 
H. salmonis in S E M  photos presented by Ferguson 
(1979) and Poynton & Morrison (1990), except that 
the distance between the 2 posterior flagella at the 
bases seems to be larger in Hexamita sp. than in the 
earlier published SEM photos of H. salmonis. It is not 
known whether this distance can be of taxonomical 
importance. 

The flagellated hexamitid protozoans could also be 
demonstrated in stained smears and imprints. In these, 
the parasites were easily recognized by the darkly 
stained paired anterior nuclei (Fig. 4). 

Histopathology. Histological investigations of the 
liver and kidney revealed multifocal areas of coagu- 
lative and caseous necrosis. Centrally in the lesions, 
there was total loss of normal architecture, while 
there was edema, congestion and haemorrhage in 
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the periphery. In general, these lesions were re- 
stricted to areas with grossly visible organ changes. 
Inflammatory response was lacking in many of the 
affected areas, while others demonstrated a chronic 
granulomatous response with substantial fibrosis. 
Throughout the necrotic areas and mixed with 
necrotic debris, there was a large number of oval, 
pear-shaped or rounded eosinophilic cells that could 
not be classified. These cells had the same size and 

I 
Fig. 3 Salrno salar S E M  photo of Hexa- 
m t a  sp. in swim bladder showing the 2 
posterior flagella emerging posteriorly 
from the blunt end (arrows). Scale bar = 

2 iim 

shape as the cells found in the stained imprints. 
There was extensive cholangiohepatitis with peribil- 
iary lymphoid hypercellularity and some fibrosis in 
advanced cases. There was also widespread fibrinous 
perihepatitis. The PAS and Gram stains did not 
reveal any sign of bacterial or fungal infection. Most 
of the fish had severe muscular degeneration, but no 
inflammatory or parasitic cells were found in the 
muscle. In the brain sections, random multifocal 



Poppe et al.: Hexamitosis in Atlantic salmon 95 

\ :-;. . ,r  C., 
. . S .  . 

\ 4;>.': . 'II . . . ?: 
c,..'. ': C #  
. ?. , . : . ; G -  ,- ,. .**/'> 3 - +.>. \'*., 

4 . 
W . .S 

8 6  

Fig. 5. Salrno salar. Micrograph of H & E stained section of brain. BT: brain tissue; HSP: monoculture of Hexamita sp.; 
IC: inflammatory cells; STM: severe thickened meninges. X 100 

areas of encephalitis and suppurative meningitis with 
the same flagellated protozoans present could be 
seen, often surrounded by large numbers of neutro- 
philic granulocytes and lymphocytes (Fig. 5). Quite 
often, the parasites were tightly packed together, 
making it very hard to see the size and outline of 
the individual parasite. Characteristic, paired anterior 
nuclei were, however, easily recognized in these 
areas. Round aggregates of parasites were sometimes 
seen among necrotic debris. 

Microbiology. No bacteria were isolated from any of 
the fish, but IPN virus was demonstrated. 

Case Farm B 

Whitish nodules in liver and kidney, containing large 
numbers of Hexamita sp., were found in sluggish 
Atlantic salmon postsmolts (about 300 g) investigated 
at the farm. 

Case Farm C 

Large slaughtered Atlantic salmon (3 to 5 kg), had 
large nodules in liver and kidney. Hexamita sp. could 
be demonstrated in large numbers in histological sec- 
tions of the nodules. 

Case Farm D 

Large slaughtered Atlantic salmon (4 to 5 kg), had 
large boils in muscle, mainly in the caudal part, and 
some fish also had nodules in the liver and kidney. 
Large numbers of Hexamita sp. could be demonstrated 
in smears of the red-brownish, foul-smelling content of 
the boils in the muscle, and in the imprints of nodules. 
At slaughter, these fish were filleted, and lesions in the 
caudal muscles were found in 60 % of the fish from one 
of the cages. 

DISCUSSION 

Hexamita salmonis is generally known as a gut 
parasite causing catarrhal enteritis in salrnonid fry and 
fingerlings in the warm period of the year (e.g. 
Ferguson 1989). The parasite is usually found in he 
upper intestine, including the pyloric caeca. Although 
the pathogenicity of this flagellate has been ques- 
tioned, there is no doubt that it may cause high mor- 
tality in young fish (Lom 1984). Hexamitid parasites 
are reported to cause serious infection in various 
cyprinids and aquarium fish (Amlacher 1970, Molnar 
1974) and even systemic infection resulting in granulo- 
matous reactions in the liver and peritoneum of the 
Siamese fighting fish (Ferguson & Moccia 1980). These 
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latter authors believe that the most likely infection 
route is by perforation of the gastric wall with subse- 
quent spread to other organs by hematogenous dis- 
semination. 

The cases described in this paper represent, to the 
best of our knowledge, a new and different rnanifesta- 
tion of hexarnitosls. I t  is found in postsmolt to 
Atlantic salmon in salt-water under arctic conditions 
with a low water temperature. The explanation for the 
susceptibility of preadult and adult fish to acquire such 
an  infection is unknown and is at best speculative. 
Because only a few hexarnitids could be demonstrated 
in the gut of the salmon examined, we find such an  
infection route unlikely. In the postsmolts, the only 
organ in which the parasite was not found was the 
musculature, while in larger fish, some months later, 
and at slaughter, the parasites were found in boils in 
the caudal musculature. The explanation for this 
cilange in organ preiereiice is iioi known. Unless the 
presence of parasites had been expected, it would 
have been very difficult to identify the hexamitids in 
histological sections, especially in liver and kidney. 

All the hexamitosed Atlantic salmon on all 4 farms 
originated from the same hatchery (Fig. 1). Farms A 
and B were supplied with 2 yr smolts (hatched in 1987) 
in 1989, Farm C with 1 or 2 yr smolts) in 1988, while 
Farm D was supplied with 1 yr smolts (possibly 2 yr 
smolts) in 1989. Thus, all fish may have originated from 
the same 2 groups of salmon hatched in 1987 and 1988. 
In 1987, the hatchery bought several hundred thou- 
sand alevins from 2 hatcheries further south in 
Norway. In spite of several investigations, Hexamita 
sp. has not been found in salmon from the smolt pro- 
ducing hatchery or from wild salrnonids in its fresh- 
water supply. Nor have any outbreaks of hexamitosis 
been reported in other fish farms supplied with smolts 
from this hatchery in previous and following years. 
Until further evidence is provided, it seems probable 
that the fish acquired the parasite in the freshwater 
phase (possibly as alevins elsewhere), while overt 
disease was triggered by transportation stress and 
physiological stress during smoltification and sea- 
transfer. Further work is in progress in order to ascer- 
tain the taxonomic status of the parasite, as well as the 
model(s) of transmission. 

During the preparation of this arti.cle, our attention 
was drawn to a new case of hexamitosis in a salt-water 
fish farm. In this case, Atlantic salmon of 3 year classes 
are reported to be affected. This fish farm is located 
less than 200 m from Farm D and less than 100 m from 
a slaughtering facility where the fish from Farm D 
were slaughtered and processed. Blood and process- 
ing water from this facility drains directly into the 
ocean without treatment. The smolts in the recently 
affected farm are delivered from a different smolt plant 

than for Farms A ,  B, C, and D.  In addition to lesions 
similar to those already described, dermatitis with 
whitish discolouration of peduncle and caudal fin was 
present in a majority of the fish invest~gated. Hexarnita 
sp. was demonstrated in large numbers in smears from 
the outer surface of these lesions. This indicates a high 
infection pressure and makes the possibility of trans- 
mission in salt water likely. 

It is concluded that the described cases represent a 
new manifestation of hexamitosis caused by a Hexam~ta 
species in Atlantic salmon. The disease is possibly 
associated with stress when the salmon were moved 
from freshwater to salt-water, as predicted by Lom 
(1984). However, based on the most recent observa- 
tion, it is also possible that the disease is caused by a 
marine Hexamita species. From a diagnostic point of 
view, it is interesting that the parasites were 
difficult/impossible to demonstrate by ordinary histo- 
logical methods iiniess their preseiice was suspected oi 
the parasites found by other methods. The gross 
lesions may have many similarities to other necrotizing 
lesions in the liver, as well as BKD and other granulo- 
matous diseases (Ferguson 1989). 
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