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Exophiala sp. infection in captured King
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Abstract
King George whiting captured in South Australia and placed in seawater tanks as broodstock
developed ulceration of the skin and underlying muscle, particularly of the head, swim bladder
and kidney, with a granulomatous inflammatory reaction evident microscopically. In special
stains of the tissue, fungal elements were observed in the granulomas, and Exophiala sp. was
isolated from affected tissue. The source of the infection could not be established. Similar agents
have been responsible for outbreaks of clinical disease and mortality in farmed salmonids in the
northern hemisphere, resulting in major economic problems for the fishery and aquaculture
industries. This is the first report of the disease, involving a different species of fish, in the south-
ern hemisphere.

Introduction
King George whiting, Sillaginodes punctata, is a
popular marine finfish highly prized in South
Australia by recreational and commercial fish-
ermen and consumers. In 2000-01, commercial
fishermen in South Australia caught 456 tonnes
of King George whiting valued at $4.8 million
from a total Australian catch estimated to be
approximately 624 tonnes (ABARE, 2002). Most
captured fish are in the size range of 30-40cm,
although fish up to >50cm are taken from some
regions. The majority of fish are <400g in weight
(Fowler and McGarvey, 2000). Research has
commenced on the suitability of this species for
aquaculture, including development of meth-
ods to control egg production from captive
broodstock, followed by larval rearing trials to
determine procedures and optimal environmen-
tal conditions for culture of fingerlings. Initially
broodfish, 370-600 mm in standard length, were
captured from wild stocks. These fish were es-

timated to be 4 - 8 years old, based on the size
and age of similar size fish in previous studies
conducted in this area.

Exophiala species are black, “yeast-like” fungi
that are commonly found in decaying wood,
organic soil and associated watercourses (Ellis,
1994). Microscopically the thallus of the fungus
is composed of yeast-like cells when young, with
hyphae and conidia developing within the cul-
ture over time. Clinical disease is occasionally
reported in mammals, with cutaneous, dissemi-
nated or cerebral infections described in humans
(Ziefer & Connor 1986, Roncoroni & Smayevsky
1988). Outbreaks of clinical disease due to
Exophiala salmonis infection of farmed
salmonids, such as Atlantic salmon (Salmo salar)
and cut-throat trout (S. clarkii), have been seen
in aquaculture operations in the northern hemi-
sphere (Richards et al, 1978, Langvad et al, 1985,
Ferguson, 1989). The disease generally presents
as mortality, with granuloma formation in the



Bull. Eur. Ass. Fish Pathol., 23(3) 2003,  129

brain or kidney. There have been occasional re-
ports of similar disease in fish other than
salmonids, such as a variety of aquarium fish
(Blazer & Wolke 1979). In Atlantic salmon held
at a fish laboratory in Australia, lesions were
seen on the head, lateral line and semicircular
canals, with high mortality (Langdon &
MacDonald, 1987).

Data on the pathology or microbial status of
King George whiting in the wild or in captive
situations is limited. This report describes the
first documentation of an infectious agent af-
fecting this species. It is also the first recorded
occurrence of disease associated with Exophiala

sp. as a cause of major economic concern to de-
velopment of an aquaculture industry in the
southern hemisphere.

Materials and Methods
Fish
Affected King George whiting originated from
the northern coast of Kangaroo Island, south of
Adelaide, South Australia. Approximately 550
mature fish (average 370 g) were hooked and
maintained in a 200 L flow-through seawater
tank on board a commercial fishing vessel.
When 50-80 fish had been captured, these were
transferred into two 7,000 L ballast tanks on
board a large research vessel used to transport
them to Port Adelaide. Fish were then trans-
ferred into a trailer mounted 2,000 L tank and
stocked into a 40,000 L holding tank at the South
Australian Aquatic Science Centre. Approxi-
mately 12 months after capture, 180 fish (45 fish
per tank) were progressively stocked into four
10,000 L fibreglass tanks in a controlled envi-
ronment room (ie. water temperature and pho-
toperiod manipulation) operated using a
recirculating seawater treatment system. Key
components of this system are a rapid sand fil-

ter to provide mechanical filtration and a bio-
logical filter to remove ammonia. Following six
months of culture in indoor tanks, all fish in tank
C were anaesthetised with Benzocaine (P-
aminobenzoate) prepared in 95% denatured
ethanol at a dose of 60 ppm, and implanted with
cholesterol/cellulose pellets containing LHRHa
(des-gly16, D-trp6, pro9-ethylamide) at 10m/kg
with 10% copha binder, to induce spawning. The
pellet formulation and preparation was based
on descriptions given by Lee et al, 1986. The pel-
lets were implanted behind the head, mid-way
between the lateral line and first dorsal spine,
slightly anterior to the spine and approximately
2-3 cm into the anterior dorso-lateral muscula-
ture. Disease outbreaks occurred over the suc-
ceeding months in both indoor and outdoor
tanks (Table 1). The frequency and severity of
disease was higher in the controlled environ-
ment tanks. All indoor tanks were de-stocked
due to persistence of the disease.

Pathology
Affected fish were examined and a complete
necropsy was performed on selected samples.
Portions of all major tissues and any lesions were
fixed by immersion in 10% phosphate-saline
buffered formalin. The fixed samples were proc-
essed and embedded in paraffin wax according
to standard procedures. Sections (5 m) of each
tissue were stained with haematoxylin and eosin
(H&E), Periodic acid Schiff (PAS), Gomori’s
methenamine silver (GMS), Gram and Ziehl-
Neelsen acid fast (ZN) stains, and examined by
light microscopy.

Microbiology
Portions of fresh lesions from the fish were in-
oculated onto horse blood agar, McConkey agar,
Cholera TCBS agar and Sabouraud’s agar con-
taining supplementary chloramphenicol and
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gentamicin to inhibit bacterial growth. The
plates were incubated in air with 10% CO2 at
25oC for 10 days. (Agars were supplied by
Oxoid, Basingstoke, U.K.). Plates were exam-
ined daily for visible colony formation. Indi-
vidual bacterial colonies were identified by rou-
tine bacteriologic methods. Individual fungal
colonies were identified by routine morphologic
procedures at the Mycology Unit, Women’s and
Children’s Hospital, North Adelaide. Suspect

colonies were subcultured onto Sabouraud’s
agar and slide-cultures made of the resultant
growth using potato-dextrose agar were exam-
ined after ten days. Fresh portions of ovarian
tissue taken from live mature females during
egg collection procedures, portions of fresh
muscle from cockles (Donax deltoides) from
batches used in the feed rations, swabbed sam-
ples of the sides of brooding tanks, samples of
brooding tank sediment, and samples of sand
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Table 1: Timescale of disease outbreaks (suspected Exophiala salmonis) in outdoor and indoor tanks on site at
SARDI aquatic sciences during 1997/98/99.
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from the water filtration system serving the
tanks containing affected fish, were also cultured
on the supplemented Sabouraud’s agar.

Results
Gross Findings
The chronology of disease outbreaks in the hold-
ing tanks is described in Table 1. The initial out-
break occurred in an outdoor tank four months
after capture of the animals. The first two fish
died within one week, with deep oval ulcers, 5
to 8 cm long, extending from the dorsal surface
of the head to the mouth (Fig. 1). The underly-
ing cranial bones were necrotic and partially
destroyed, with soft white debris deposited on
the surface of remaining portions. Circular
raised white foci, 1 to 2 cm in diameter, were
present on the skin of the side of the head. The
internal organs appeared normal.

In the succeeding months, further fish were af-
fected in both indoor and outdoor tanks. One
fish showed problems with balance. At
necropsy, deep skin ulcers and white necrotic
patches were found on the ventral surface of the
head between the gills, around the eyes and on
the operculum. The grossly visible internal tis-
sue damage was confined to white foci in the
kidney in all but one fish. In this animal there
was a broad area of tissue necrosis extending
from within the abdominal cavity through the
muscle beneath the spinal cord at the level of
the posterior kidney. Within this area of tissue
damage, the kidney contained multiple white
foci of necrosis, 0.2 to 1.0cm in diameter.

Eighteen months after capture, one of the 45
whiting in outdoor tank B exhibited skin haem-
orrhages around the anal opening, extending
cranially along the ventral abdomen. There had
been no previous disease incident in this tank.
At necropsy, the abdomen contained serosan-
guinous fluid, with adhesions of intestine to the
peritoneum around the cloaca. The
swimbladder was distended, with a 1.0 cm thick
wall and contained watery fluid. The inner lin-
ing was grey-green and covered with scattered
white soft plaques. One month after this, one of
45 fish in tank C showed discolouration of the
skin of the side of the head and reddening of
the conjunctivae of both eyes, and another was
lethargic with no visible skin lesions. At
necropsy, both fish had pale livers and soft mot-
tled kidneys, with occasional pale foci of necro-
sis, 0.1 cm in diameter, in the renal parenchyma.
The lining of the swimbladders was thickened
to 0.2 cm. No other gross lesions were detected

Histopathology
The microscopic changes in the skin, bone,
swimbladder and kidney samples from af-
fected fish were similar in all cases. There were

Fig. 1. Deep skin ulcers on the head of a 4-year-old
King George Whiting (Sillaginodes punctata).
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multiple areas of parenchymal cell necrosis
with infiltration of mononuclear inflamma-
tory cells in the surrounding parenchyma and
adjacent connective tissue, typical of
granuloma formation in fish (Fig. 2). There
were faint outlines of structures resembling
hyphae and other non-descript fungal ele-
ments seen in the granulomas in the H&E
stained sections. These structures stained in-
tensely with Gomori-methenamine silver
stain and Periodic-acid-Schiff stain (Fig. 3).
Sections stained with Gram and Ziehl-
Neelsen stains did not show any bacteria in
the granulomas. Microscopic examination of
all other internal organs, including brain, from
all of the necropsied fish, failed to detect any
lesions .

Microbiology
Bacteriologic culture of affected tissue sam-
ples of swimbladder, kidney, skin and bone
yielded a moderate mixed growth including
Aeromonas hydrophila, Plesiomonas shigelloides,

Vibrio alginolyticus and Pseudomonas sp. Cul-
ture of the water samples, cockles and ovar-
ian tissue from the live fish yielded only a light
mixed growth of coliform bacteria. Culture of
affected tissue samples of swimbladder, kid-
ney, skin and bone on Saboraud’s agar con-
sistently yielded a moderate to heavy pure
growth of a black fungus. Further identifica-
tion was performed at the Mycology Unit,
Women’s and Children’s Hospital, North
Adelaide. The thallus of the fungus was black
to dull olive-green, with a sharp margin. Grey
aerial mycelia formed with age. When the
slide culture was examined under the micro-
scope, flask-shaped conidiogenous cells arose
both terminally and laterally from thin-walled
septate hyphae. Intercallary fertile cells were
also present. The conidia were 0-3 septate,
hyaline, thin-walled and ellipsoidal in shape,
and were formed from scarred areas on the
annellides from which vague annellations
could be discerned. These features allowed
the differentiation of this fungus from other
species within the Exophiala genus. The char-
acteristics were similar to those exhibited by
Exophiala salmonis. Portions of ovarian tissue
from mature females, portions of fresh feed
ration ingredients, samples of brooding tank
water, sides and sediment, and samples of
sand from the water filtration system were
negative for fungi on culture.

Discussion
In contrast to the situation in the whiting, in
which skin, kidney and swimbladder were con-
sistently affected, Exophiala salmonis infection

Fig. 2. Exophiala infection in kidney from S. punctata.
Area of necrosis containing hyphae surrounded  by
a granulomatous response (H&E X 200).
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and associated lesions in farmed trout and
salmon have mainly involved the brain, eye, gill,
kidney and head of fish less than 4 to 5 years of
age (Carmichael, 1966, Langdon & McDonald,
1987).The reason for the altered tissue predilec-
tion and age of affected fish is not known. Pre-
disposing factors could include different host
family or fungal strain influence, different route
of exposure, mode of transmission, or environ-
mental conditions in the southern hemisphere.
These factors were not examined in this study.
There are several species present in the genus
Exophiala. The organism in this case showed fea-
tures similar to Exophiala salmonis. However,
some of the individual strains are highly vari-
able in character and specific identification can
be difficult. The apparent difference in organs
targeted in the King George whiting and the

salmon and trout could be a reflection of strain
variation between the agents isolated in these
cases.

The exact source of the Exophiala sp. infection
was not identified. While these fungi are com-
monly found in soil and associated water sam-
ples, they were not detected in the immediate
environment of the affected fish, although the
sensitivity of the selective fungal culture was
thought to be adequate to detect low levels of
the organism. There was no evidence of
transovarian transmission. It is possible that
there was a sub-clinical skin infection in one or
more of the captured stock placed in tank A,
with subsequent clinical manifestation and
transmission by fish-to-fish contact stimulated
by the stressors of capture, transportation, han-
dling, injection to produce spawning and
higher stocking density.

Fig 3.  Photomicrographs of fungal elements.  A.  Swimbladder of S. punctata infected with Exophiala showing
mats of hyphae surrounded by inflammatory cells and oedema (PAS X 200).  B.  Higher magnification
showing variable morphology of fungal elements (GMS X 1000).
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The pathogenesis of the Exophiala sp. infection
in affected fish was not defined. It is considered
likely that the infections commenced as small
skin erosions, possibly related to abrasions or
wounds, which developed to local ulcers and/
or deep tissue infections. This pathogenesis has
been suggested in Exophiala sp. infections in
other fish and in mammals. Infection of
swimbladders is a common feature in dissemi-
nated infections by other fungi such as Phoma

herbarum, Saprolegnia sp. and Phialophora sp. In
contrast to the marked granulomatous response
noted in the whiting in this study, localised
necrosis and haemorrhage without a cellular re-
sponse are usually seen in fungal infections of
salmonids (Ferguson, 1989). This may reflect a
variation in lymphoid cell response markers in
whiting .

There was a clear association of the presence and
isolation of the Exophiala sp. with clinical signs
and lesions in the affected fish, with no such
association in unaffected organs. The bacterial
isolates obtained were not considered primary
pathogens. This fungal infection may be a sig-
nificant disease affecting mature King George
whiting in aquaculture. If so, the possibility of
mortality and production losses during breed-
ing and growth phases of this species will need
to be considered. Food processing facilities will
also need to be aware of the possibility of le-
sions due to this organism.
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