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FURUNCULOSIS IN RAINBOW TROUT (SALMO GAIRDNERI) 
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Ulcerative skin lesions were encountered in rainbow trout raised in sea water by a commercial concern in 
the Western Cape, South Africa. Grossly , the lesions resembled furunculosis but , histopathologically, they 
differed from typical furunculosis in that bacterial colonies were rarely found in the organs, and also the kidneys 
and spleens were minimally involved. The causative organism was identified as an achromogenic Aeromonas 
salmonicida that shared characteristics with all 3 subspecies , salmonicida, masoucida and achromogenes. This 
is the first report of an outbreak of this disease in South Africa. 

lNTRODUCfiON 

A commercial trout concern in the Western Cape, 
which produces about 6 tons of fish per month, hatches 
local or imported eggs and raises the fry to fingerling 
size on the first farm where they have the required facili
ties but only a limited supply of suitable fresh water. The 
fingerlings are then transported by tanker to a second 
farm (c . 30 km away) with an abundant supply of suit
able fresh water, where they are raised to a mass of c. 
170 g. The fish are finally moved to the Atlantic ocean to 
a third property on the West Coast, a distance of c. 140 
km away. After a short period of adaptation to sea water, 
they are raised to market size in large, portable plastic 
pools under roof in full sea water which is pumped from 
about 200 m offshore. The temperature of the sea water 
never exceeds 17 °C. 

The fish are fed dry pelleted food until they are put 
into the sea water, when their diet is changed to a wet 
mash consisting of 50 % meal and 50 % fresh fish or 
crayfish scraps obtained from factories in the vicinity. 

In January 1980, the trout concern encountered ulcera
tive dermatitis involving small numbers of fish on the 
second farm. Affected fish were culled as soon as the 
ulcers were seen, but the incidence increased and severe 
mortalities were eventually experienced. No fish were 
presented for investigation, but treatment of the feed 
with nitrofuran and oxytetracycline was instigated with 
reasonable success. 

In September 1981 , severe mortalities again occurred, 
but this time on the third farm at the sea. Mortalities 
were as high as 30 % per pool, but these were confined 
to only 3 out of the 40 pools in production at the time of 
investigation. During a passing visit to this farm, a tenta
tive diagnosis of furunculosis was made, and, at our 
request, live, diseased fish from the third farm and fish 
from the first and second farms were air-freighted to the 
Veterinary Research Institute, Onderstepoort, for an in
vestigation of the cause of the mortalities. 

MATERIALS AND METHODS 

Several live fish from each farm were received and 
immediately necropsied, and samples for bacteriology 
were taken. The latter consisted of swabs taken from the 
actual skin lesions as well as pieces of skin and muscle 
bordering the lesions . Various internal organs, the eyes 
and the fins of the fish from the first farm were also 
collected and initially cultered at 22 °C on blood tryptose 
agar (BT A)*, MacConkey-agar* and serum broth con
taining 10 % serum. 
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Wet smears from the body surface, gills and intestines 
were prepared and immediately examined for the pre
sence of parasites , using a microscope with Nomarski 's 
differential interference contrast illumination. 

Blood smears and impression smears of the spleen and 
kidney were made according to standard techniques 
(Wintrobe, 1947). Some impression smears were exam
ined without prior staining, while others, together with 
the blood smears, were fixed in absolute acid-free 
methyl alcohol for 3 min. and stained _with 5 % Giemsa 
stain buffered at pH 6 ,8-7 ,0 for 45 min. 

Smears from the primary and subsequent bacterial iso
lates were also made and examined, either without prior 
staining, or after staining with the Gram stain. 

Tissues for histopathology were collected in 10 % 
neutral buffered formalin. They were embedded in paraf
fm wax, sectioned at 5-6 p,m and routinely stained with 
haematoxylin and eosin (HE). Tissue sections of selected 
cases were also stained with Wohlbach's modification of 
the Giemsa stain and the Humberstone stain (Thompson, 
1970). 

REsULTS 

Parasitology 

Apart from a few individuals of a Trichodina sp. 
found in the gill smears of some fish from the first and 
second farms, no parasites were encountered. 

Gross pathology 

Fish from the first farm showed tattered and necrotic 
fins only, a condition which was diagnosed as fin rot. 

Some fish from the second farm had mild exophthal
mos and 2 had small shallow ulcers on the tip of the 
snout. 

The most severe lesions were seen on the skins of fish 
from the third farm. The lesions were present laterally on 
the flanks between the dorsal and adipose fins , and 
varied from small vesicles, 1-3 mm in diameter, to large 
shallow ulcers, 10-15 mm in diameter (Fig. 1). Cen
trally, the ulcers consisted of exposed haemorrhagic 
muscles surrounded by a zone of greyish-white necrotic 
tissue. This in tum was surrounded by a zone of active 
inflammation, characterized by vesicles of various sizes 
and extensive petechiation (Fig. 2) . The internal organs 
of these fish showed few gross changes. There was slight 
splenomegaly, slight yellow discoloration of the liver, 
and slight enlargement of the kidney. 

* Difco Laboratories, Detroit, USA 
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Histopathology 

No histopathologic lesions were encountered in the 
organs of the fish from the first farm. 

The lesions on the snouts of the fish from the second 
farm were histologically similar to those seen in the skins 
of the fish from the third farm but were of a more chronic 
nature. 

The initial lesion in the skins of trout from the third 
farm consisted of a small vesicle covered by a thickened 
epidermis. The basal membrane was intact and was sepa
rated from the underlying muscles by a clear fluid (Fig. 
3). A few lymphocytes and macrophages were present in 
the hypodermis. 

As the condition progressed, the epidermis became 
more hyperplastic and the clear fluid was replaced by a 
fibrinoid exudate containing many lymphocytes and 
macrophages (Fig. 4). The basal membrane was progres
sively destroyed and the cellular infiltration became pro
nounced. At this stage there also was an interstitial myo
sitis of the upper muscle layers which was characterized 
by the influx of many lymphocytes (Fig. 5). Moderate to 
~dvanced degenerative changes were seen in the epithe
hal cells of the hypodermis and the superficial muscle 
cells. Necrosis ensued, and the cellular reaction became 
less marked (Fig. 6). Haemorrhages resulting from vas
cular destruction, though common, were limited to the 
hypodermis and superficial muscle layers (Fig. 6). The 
entire skin and parts of the superficial muscle sloughed, 
exposing the deeper muscles, which were widely sepa
rated from each other (Fig. 7). There was virtually no 
tissue reaction and although there was consiqerable tis
sue destruction, attempts at regeneration were not seen. 

The spleens were severely congested, and there was 
some destruction of the ellipsoids. This, however, was 
very slight and only a few ellipsoids were involved. 

In the middle third of the kidney slight vasculitis was 
encountered as well as early degeneration of tubular epi
thelium. 

The liver was slightly congested, and a few small 
haemorrhages occurred in the parenchyma. 

Bacterial colonies were very scarce, and were encoun
tered only in sections of the skin. 

Bacteriology 

Pseudomonas aeruginosa and Aeromonas punctata 
punctata were isolated from the fins of the fish from the 
first farm. Both these bacteria are known to be associated 
with fin rot (Reichenbach-Klinke, 1966). 

From the fish originating from the second farm, P. 
aeruginosa and Aeromonas hydrophila hydrophila were 
isolated from the eyes and internal organs, while Aero
monas salmonicida was isolated from the lesions on the 
snouts. 

On primary isolation, the specimens from fish from 
the third farm yielded a virtually pure growth of greyish, 
non-haemolytic colonies, 1-2 mm in diameter, on the 
BTA plates. The colonies were yellow on MacConkey
agar. Smears stained with the Gram stain showed the 
organisms to be short, straight gram-negative rods. The 
organisms were pigmented pale golden-brown on 
unstained smears made directly from organs. The pig
mentation of the organism was lost on culture, and vis
ible pigmentation of colonies occurred only after 14 
days' incubation at 22 °C, when they assumed a light 
beige colour. 
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The isolate grew well at 22 °C, both aerobically and 
anaerobically, but no growth occurred at 37 °C. It was 
positive for cytochrome oxidase and weakly positive for 
catalase. Both glucose and glycerol were fermented, but 
no gas was produced. Sugars that were fermented were 
galactose, sucrose, mannitol, arabinose, maltose and 
aesculin. Trehalose, dulcitol and inositol were not fer
mented. The nitrite test was positive, but indol was not 
produced, even after prolonged incubation. Gelatin was 
rapidly liquefied, but there was no growth in broth at 
pH 9. The bacterial isolate agglutinated in 0,85% saline, 
but not in 0,05% (1 :2000) acriflavin. 

On the basis of these characteristics the isolate was 
identified as A . salmonicida (Buchanan & Gibbons, 
1974) and is henceforth referred to as the DH1950 iso
late. However, it could not be identified as belonging to 
any of the subspecies salmonicida, masoucida or achro
mogenes, since it had characteristics common to all 3 
subspecies. 

Antibiograms proved the isolate to be highly sensitive 
to several tetracyclines, chloramphenicol, all the nitrofu
rans, polymyxin B, co-trimoxazole, and framycetin, and 
reasonably sensitive to virginiamycin. 

DISCUSSION 

Furunculosis is a disease of numerous fish species and 
has long been recognized. It is commonly seen in fresh
water salmonids (McGraw, 1952; Herman, 1968) and 
has recently been recorded from cultured Atlantic 
salmon (Rolstein, 1975, cited by McCarthy & Roberts, 
1980), amago (Oncorrhynchus rhodurus) (Miyazaki & 
Kubota, 1975), Atlantic salmon that are returning to 
their spawning grounds (Weber & Zwicker, 1979, cited 
by McCarthy & Roberts, 1980), as well as from anum
ber of non-salmonid sea fishes (Scott, 1968; Evelyn, 
1971; Larsen & Jensen, 1979). As far as could be ascer
tained, this is the first report of furunculosis in rainbow 
trout raised in sea water. This is also the first report of 
the disease occurring in South Africa. 

The most recent information on the bacteriology and 
pathology of furunculosis is provided by McCarthy & 
Roberts (1980), and from this it appears that the DH 
1950 isolate is another in the rapidly increasing number 
of atypical A. salmonicida. This isolate is probably one 
of the achromogenic variants (McCarthy, 1975), since 
little pigment is produced and then only after prolonged 
incubation. In addition, it does not cause the extensive 
lesions in the spleen, kidney and heart as described for 
brown trout (Ferguson & McCarthy, 1978) or the 
changes in the spleen and kidney of rainbow trout, as 
described by Klontz, Yasutake & Ross (1966). 

A possible cause of the variation .in the lesions caused 
by different isolates of A . salmonicida has been for
warded by Ellis, Hastings & Munro (1981). They state 
that the lesions in the internal organs are probably the 
result of colonization by the bacteria, and that the kidney 
and spleen are usually affected because they are phago
cytic filter beds. The muscle lesions result from the pro
tease fraction of extracellular products produced by the 
bacteria, and the intracellular and lysosomal myopro
teases that are released during muscle necrosis may en
hance the effect of the bacterial proteases (Ellis et al., 
1981). The DH1950 isolate does not seem to colonize 
the tissues to the same extent as that described for other 
isolates, with the result that the kidney and spleen are 
minimally affected. 
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Ellis et al. ( 1981) stated that 2 features of furunculosis 
are prominent in the literature. These are the collageno
lytic lesions and the eventual suppression of the leucocy
tic response to inflammation. These factors, together 
with haemolytic and inhibitory factors to normal cell 
behaviour, have been shown to be present in extracellu
lar products produced by the bacterium in vitro (Munro, 
Hastings, Ellis & Liversidge, 1980). In view of the pre
sence of muscular haemorrhages, the lack of leucocytic 
response to the inflammation in the skin lesions and the 
absence of attempts of regeneration of diseased tissues, 
we concluded that the DH1950 isolate also produces the 
extracellular factors described for many of the isolates 
(Klontz et al., 1966; Munro et al. 1980; Fuller, Pilcher 
& Fryer, 1981). 

It is possible that A. salmonicida was introduced into 
the country via contaminated eyed ova, and then carried 
through the various rearing stages. As susceptibility and 
stresses, such as stocking density, transport and adapta
tion to sea water, increase with the size and age of the 
fish, the presence of A. salmonicida was not detected 
·earlier. 

According to Wedemeyer & Wood (1974), stress is an 
important predisposing factor in outbreaks of furunculo
sis in trout. In fact, Hill (1981, personal communication) 
recommends as diagnostic procedure injections with 
prednisolone to bring out latent A. salmonicida infec
tions. 

The following control measures are recommended by 
Ghittino & De Kinkelin (1975): disinfection of ova as 
well as of empty tanks and equipment, antibacterial 
treatment of batches of fish at risk, vaccination, stress 
prevention and import control. 

In the case under discussion, the following measures 
were applied successfully: treatment with oxytetracy
cline, 7,5 g of active substance/ 100 kg of fish/day for 10 
days, disinfection of tanks after the removal of fish and 
the reduction of the stocking density. As additional mea
sures, the water on the fresh-water sides was aerated to 
reduce stress, and nifurpirinol* at 0,01 mgJ.e in the recir
cu~ated w~ter was used prophylactically during the adap
tatiOn penod to sea water. These measures have led to 
the disappearance of the clinical signs and the control of 
the outbreak. 
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