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INTRODUCTION

Cryptobia salmositica Katz is a pathogenic haemo-
flagellate in Oncorhynchus spp. in rivers and streams
on the Pacific coast of North America (Woo 1998). The
parasite multiplies readily in susceptible fish, and mor-
tality is variable and may be up to 100% in untreated
fish (Woo & Poynton 1995, Ardelli & Woo 2001). Factors
that may affect fish mortality include size on inoculum,
water temperature, dissolved oxygen in the water,
amount of protein in the food and fish stocks or species
(e.g., Woo 1979, Woo et al. 1983, Woo & Wehnert 1986,
Li & Woo 1991, Ardelli & Woo 2001). As in mammalian
trypanosomiasis, C. salmositica infection causes

immunodepression (Jones et al. 1986, Thomas & Woo
1992), an anaemia that is partly caused by excretory
products from the parasite (Thomas & Woo 1988, 1989,
Zuo & Woo 1998a,b, 2000). The severity of the anaemia
is directly related to the parasitaemia (Woo 1979) as is
the anorexia (Li & Woo 1991, Thomas & Woo 1992).

The clinical signs of salmonid cryptobiosis are
anorexia, exophthalmia, abdominal distension with
ascites, general oedema, splenomegaly and a micro-
cytic hypochromic anaemia (Woo 1979). However, the
histopathology of the disease has not been systemati-
cally studied in infected fish.

The aim of the present study was to describe system-
atically the development of lesions or changes in
experimentally infected juvenile rainbow trout and to
relate it to the parasitaemias.
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ABSTRACT: One group (n = 50) of juvenile rainbow trout Oncorhynchus mykiss was inoculated
intraperitoneally with 2000 (low dose [LD]) and another group (n = 50) with 20 000 (high dose [HD])
Cryptobia salmositica fish–1. The histopathology was a generalised inflammatory reaction, and
lesions were in connective tissues and in the reticulo-endothelial system. In the LD group, the first
lesions were observed in the liver, gills and spleen at 2 wk post infection (pi) while in the HD group
they were in the liver and gills at 1 wk pi. Endovasculitis and mononuclear cell infiltration were
observed at 3 wk pi in the HD group. These were followed by tissue necrosis and extravascular infil-
tration of parasites at 4 wk pi. The severity of lesions was directly related to parasitaemias in the
blood and extravascular location of parasites. In the HD group, the most extensive tissue necrosis was
at 4 wk pi and in the LD group it was 6 to 7 wk pi. Necrosis in the vital organs (liver, kidney and
depletion of the haematopoeitic tissues) and anaemia were probably in part responsible for mortality
of fish during acute disease. Regeneration and replacement of necrotic tissues were seen at 7 to 9 wk
pi in the HD group, and it was most noticeable in haematopoietic and reticular tissues. These
occurred during the recovery phase of the disease and were associated with significant reduction in
blood parasitaemia.
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MATERIALS AND METHODS

Two groups (n = 50 in each group) of hatchery-raised
juvenile rainbow trout (about 6 to 8 cm in length) were
maintained in 2 fibre glass tanks at about 8°C for 2 wk
before they were experimentally infected with Crypto-
bia salmositica. The inocula were prepared with blood
from an infected rainbow trout and diluted with appro-
priate volumes of PBS (pH 7.4). The low dose (LD)
group was inoculated intraperitoneally (ip) with 2000
parasites fish–1 and the high dose (HD) group with
20 000 parasites fish–1.

At weekly intervals, 4 fish from each group were
anesthetised with MS-222 (100 ppm), bled and necrop-
sied. In the first week after infection the parasitaemias
in the blood were detected using the haematocrit cen-
trifuge technique (Woo & Wehnert 1983) and wet
mount method (24 microscopic fields examined, 10×
objective). In subsequent weeks, the haemocytometer
was used to estimate parasitaemias (Woo 1979). For
histopathology, samples of visceral organs, skin, eye,
brain and gills were fixed in 10% formalin, embedded
in paraffin, sectioned into 4 µm thick pieces, and
stained with haematoxylin and eosin. Smears of ascites
fluid or blood were air dried, fixed in 100% Ethanol
and stained with Giemsa’s stain. A third group of unin-
fected fish (controls) was also sampled.

RESULTS

LD group

The haematocrit centrifuge technique detected para-
sites in the blood of all fish at 1 wk post infection (pi).

The parasitaemia increased rapidly, peaked at 6 wk pi,
and declined to low numbers at 8 to 9 wk pi (Fig. 1).
Data on parasitaemias in the fish were published ear-
lier (Sitja-Bobadilla & Woo 1994) and the figure is
reproduced in the current study so as to relate the
types and severity of histopatholigical lesions with par-
asitaemias in the blood.

The first lesions were in the liver, spleen and gills at
2 wk pi. Chromatin of the nuclei of hepatocytes was
disarranged from the normal wheel-network to being
granular. Also, the endothelial cells lining the sinu-
soids seemed hypertrophic and swollen with small foci
of cell necrosis. The spleen had multifocal hyperplastic
reticular cells. Eosinophilic granular cells (EGCs) were
seen within blood vessels and interlamellar space in
the gills.

At 3 wk pi, almost all organs examined had mild
mononuclear cell infiltration and diapedesis. The liver
had granular degeneration with focal necrosis. Epithe-
lial cells lining renal tubules in the kidneys were vac-
uolated or granular and there was mild lymphocyte
infiltration. In the gills, there was focal epithelial cell
necrosis with endovasculitis in the secondary lamellae.
The infiltrated cells in the gills were polymorphonu-
clear cells, macrophages and EGCs. Lesions in the gut
and abdominal adipose and subcutaneous tissues were
minor and were confined to connective tissues. There
were mononuclear cell infiltrations, dilated blood
vessels and diapedesis.

At 4 wk pi, necrosis and extravascular parasites were
in all organs examined. The serous layer of visceral
organs, gut and gall bladder had mild inflammatory
cell reactions associated with focal necrosis and
endoperivasculitis. The connective tissues of the eyes,
skin, subcutaneous tissues, pericardium and swim
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Fig. 1. Parasitaemias in juvenile
Oncorhynchus mykiss experimen-
tally infected with low dose (2000
Cryptobia salmositica fish–1: D) and
high dose (20 000 C. salmositica
fish–1: S) of parasite. Reproduced
with permission of J Fish Dis from

Sitja-Bobadilla & Woo (1994)
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bladder had perivasculitis, lymphocytic cell cuffs and
extravascular parasites. Spongiosis and local slough-
off in the cornea and epidermis were evident. In the
liver, there were diffused hepatocyte degeneration and
focal necrosis. The anterior kidney had lost its lobular
structure and the reno-haematopoietic tissues were
necrotic. In the spleen, the extensive reticular hyper-
plasia became necrotic and this was associated with
inflammatory cells and extravascular parasite infiltra-
tion. The posterior kidney showed diffused tubular
degeneration. The renal tubules became disarranged
and eventually disappeared in areas of necrosis. Prolif-
erative glomerulonephritis was also evident. At 5 wk
pi, there were more phagocytes, parasites and cell
debris in most tissue sections especially in those from
the liver, kidneys and spleen.

The most severe and destructive lesions were seen at
6 and 7 wk pi (peak parasitaemias in the blood; Fig. 1).
There was extensive necrosis with numerous parasites
in the connective tissues of the abdominal wall, eyes
and skin. The inflammation extended from the serosa
to the smooth muscles of the gut, gallbladder, swim
bladder and myocardium. Healthy tissues in the spleen
and kidneys were replaced with necrotic exudates.
The gills were necrotic and there was hypertrophy of
epithelial cells in the secondary lamellae. The gill
lamellae were oedematous with cell infiltration and
were thickened. Their blood vessels were dilated and
filled with parasites, and there were many EGCs and
free granules. Lesions were also evident at this time.
They consisted of gliosis, local inflammation and capil-
laries occluded with parasites. At 7 wk pi, early regen-
eration was seen in renal haematopoietic tissues, and
the tissues regained their normal lobular structure by 8
and 9 wk pi. The parasitaemia was low (Fig. 1) at this
time and the spleen had massive numbers of disinte-
grated erythrocytes, extensive necrosis and extravas-
cular parasites. Extensive lesions were also present in
connective tissues in the gut, skin, gallbladder, eye
and adipose tissues at 9 wk pi.

HD group

Parasites were detected at 1 wk pi, and parasitaemia
peaked at 4 wk pi and declined to low numbers at 7
and 8 wk pi (Fig. 1). Lesions in tissues and organs were
similar to but more severe than those described in the
LD group. First lesions were in the liver and gills at
1 wk pi. Tissue necrosis was in most organs at 3 wk pi
and most severe lesions were at 4 wk pi. The number
of inflammatory cells, parasitaemia and necrosis were
reduced by 6 and 7 wk pi. The kidney had newly
regenerated tubules by the 7th week, and this was
more pronounced and almost completed by 8 to 9 wk

pi. Similarly, haematopoietic tissues in the kidney and
spleen proliferated and were near normal at this time.
The spleen had large numbers of erythrocytes while
the liver had cells with mitotic figures and regenerated
cells at 9 wk pi. The hepatic sinusoids were dilated,
and still had a few small foci of necrosis but no
extravascular parasites. In the kidney, peritubular
fibrosis was seen in 1 fish at 7 wk pi. There were
cellular debris and parasites within some macro-
phages. In contrast, there were extensive lesions in the
eyes and heart at 9 wk pi. Numerous parasites were
within capillaries in connective tissues in the ulcerated
cornea. Parasites were occluding capillaries and these
lesions resembled thrombosis. Also, connective tissues
of the heart showed diffuse inflammation. Gill lesions
included necrosis and fusion of lamellae at 9 wk pi but
there were no EGCs and extravascular parasites.

DISCUSSION

Little is known about the histopathology and its
relations to parasitaemias in fish infected with Crypto-
bia salmositica, although much is known about the
mechanism of disease and control strategies against
cryptobiosis (Woo 1998). Putz (1972) showed that the
parasite occludes capillaries and there are oedematous
areas behind the eye, subcutaneous tissues, kidneys,
gills and skin in coho salmon infected with C. salmo-
sitica. Many lesions seen in the present study in
infected rainbow trout were similar to those in
cyprinids infected with Trypanosoma danilewskyi and
Trypanoplasma borreli, in that there are tubular necro-
sis, extravascular parasites, liver degeneration and
focal necrosis, phagocytosis of parasites, disintegrated
erythrocytes in the spleen, swollen endothelial cells
and changes in adipose tissues (Dykova & Lom 1979,
Bunnajirakul et al. 2000, Rudat et al. 2000).

Lesions in the gills of Cryptobia salmositica-infected
trout (present study) were similar to those in chinook
salmon with systemic hexamitid infection, and they
include epithelial cell oedema and dilated blood ves-
sels with mixed inflammatory cells (granulocytes,
macrophages and lymphocytes) in the primary lamel-
lae. Lesions in the gut and heart (present study) were
also similar to those in hexamitosis (Kent et al. 1992).
Catfish with systemic amoebiosis also had proliferative
lesions in the gills and vascular damage and thrombo-
sis (Nash et al. 1988). Hyperplasia and eosinophilic
cells in the gills were also seen in sea bass infected
with monogeneans (Gonzalez-Lanza et al. 1991).

Anaemia in goldfish infected with Trypanosoma
danilewskyi is partly caused by haemolysis and
haemodilution (Islam & Woo 1991), similar to that in
salmonid cryptobiosis (Thomas & Woo 1988). There
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were also lesions and changes in the haematopoietic
tissues in cryptobiosis in rainbow trout (present study).
During acute cryptobiosis haematopoietic lobules were
depleted in the kidney and spleen, and these were
replaced with necrotic and inflammatory cells. This
reduction of haematopoietic structures would also con-
tribute to the anaemia. Extravascular parasite infil-
tration (associated with tissue necrosis) seemingly
overwhelmed the inflammatory response, and this is a
very distinctive pathological pattern in salmonid
cryptobiosis.

Cysteine and metalloproteases from Cryptobia
salmositica have been isolated, purified and charac-
terised (Zuo & Woo 1997a,b). The cysteine protease is a
metabolic enzyme while the metalloprotease is an
important contributing factor to the anaemia in
salmonid cryptobiosis (Zuo & Woo 1998a). The purified
metalloprotease lyses fish erythrocytes under in vitro
conditions (Zuo & Woo 2000) by digesting the ery-
throcyte membrane proteins (Zuo & Woo 1997b). This
is the haemolysin that was identified earlier as 1 of the
causes of anaemia in C. salmositica-infected fish
(Thomas & Woo 1988, 1989). The metalloprotease is
also collagenolytic as it degrades various collagens
(types I, IV and V) and laminin (Zuo & Woo 1997b).
Since its in vitro secretion by the C. salmositica is
significantly increased in the presence of either type I
or type IV collagen (Zuo & Woo 1998b), this histolytic
enzyme is a major virulent factor. Secretion of the
metalloprotease by the pathogen would allow some
parasites to leave the vascular system for extravascular
space, and would explain the severe histopathology
during high parasitaemias and regeneration of tissues
during chronic cryptobiosis when parasitaemias were
low (present study).

EGCs in blood vessels and connective tissues with
‘free’ granules in gills were coincident with extravas-
cular location of parasites and tissue necrosis. EGCs
have been reported in connective tissues of the intes-
tine and gills in salmonids, but their function is not well
understood (Bergeron & Woodward 1982). These cells
may be histaminogenic (Ellis 1982, 1985). There was
evidence of degranulation of EGCs with free granules
in the gut and histamine in the blood 1 h after injection
of extracellular products of Aeromonas salmonicida
(Ellis 1985). Extracellular products of the bacterium
have proteolytic and toxic activity in rainbow trout,
and Munro et al. (1980) suggested that its protease and
phospholipase activity act directly on the EGCs.

Lesions caused by Cryptobia salmositica penetrating
blood vessels, and hypertrophy and necrosis of
endothelial cells lead to vasculitis and thrombosis in
tissues (present study). These are similar to the vascu-
lar damage in systemic amoebiasis in catfish (Nash et
al. 1988). The presence of lysed C. salmositica in or

beside macrophages, the appearance of plasma-like
cells, decreased numbers of parasites and the regener-
ation of damaged tissues occurred during the recovery
phase of the disease, indicating an active humoral and
cellular response. Li & Woo (1995) observed comple-
ment fixing antibodies in the blood of fish at 6 wk pi
and 2 wk after parasite challenge in vaccinated fish.
They also showed enhanced phagocytosis and cell
mediated cytotoxicity in vaccinated and challenged
rainbow trout. This and other studies (e.g., Woo 1979,
Jones & Woo 1987, Thomas & Woo 1990, Ardelli & Woo
1995, Li & Woo 1995, 1997, Feng & Woo 1996, 1997)
confirm that both humoral and cell mediated immunity
are important in protection, and that intravascular and
extravascular lysis of parasites occur in cryptobiosis.
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