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AN OUTBREAK OF MYXOBACTERIAL DISEASE IN
COHO SALMON (Oncorhynchus kisutch)

REARED IN A MAINE ESTUARY

EVELYN S. SAWYER, Center for Research, University of Maine at Portland-Gorham,

246 Deering Avenue, Portland, Maine 04102, USA

Abstract: An epizootic of a myxobacterial infection in coho salmon (Oncorhynchus
kisutch) was responsible for the death of 50,000 fish, 30% of the population. Carti-
lage in the nose, mouth and lower jaw was eroded, and yellow sheets of bacterial
growth were observed in the mouth, pharynx and pneumatic duct. The severity of
the disease increased with increasing water temperature. Pathogenicity trials were in-
conclusive: only two of 18 experimentally infected fish succumbed to the disease.
However, the lesions, and the absence of other known pathogens suggests the myxo-

bacterium was responsible.

INTRODUCTION

Myxobacterial disease in freshwater
fish is widespread and occurs in many
species.” The bacteria involved are long,
thin, gliding, gram-negative rods Chon-
drococcus (now Flexibacter) columnaris
and Cytophaga psychrophila, the etio-
logical agents of columnaris, and cold-
water disease. Other unclassified myxo-
bacteria are associated with fin rot, tail
rot and gill disease.

The seawater myxobacteria are less
well known. Borg® described an undeter-
mined genus of myxobacterium from dis-
eased pink salmon (Oncorhynchus gor-
buscha) held in seawater. Wood® repor-
ted Sporocytophaga from Washington
State hatcheries having a seawater sup-
ply, and a similar but distinct organism
was isolated from an epizootic in sea-
water-reared rainbow trout (Salmo gaird-
neri) in Scotland.? In Pacific commercial
salmon pen-culture, marine myxobacteria
are considered minor pathogens, and
have not been associated with significant
mortality (A. J. Novotny, personal com-
munication). This report describes an
epizootic at a similar commercial sea-
water salmon culture operation in Maine
where circumstantial evidence indicates
a species of myxobacteria as the causa-
tive agent.

MATERIALS AND METHODS

Maine Salmon Farms is a commercial
salmon producer located on the Sheep-
scot River in Wiscasset, Maine. Coho
salmon (Oncorhynchus kisutch) eggs are
imported from Washington and Oregon
and reared in freshwater pools until early
June. They are then moved to net pens
in the estuary and held at a maximum
density of 16 kg/m® for growth to
market size (225 g). Diet consists of
one-half dry pellets and one-half a fro-
zen mixture of ground shrimp and ale-
wives.

On 7 July 1975, Maine Salmon Farms
transferred 150,000 coho smolts (avg.
wt. 7.5 g) from freshwater rearing
pools to seawater net pens. Salinity was
26 ppt and water temperature 14 C. Two
weeks later, as water temperature in-
creased to 17 C, mortalities climbed from
3 fish/1000 fish/week to 20 fish/1000
fish/week (Fig. 1). Affected fish had
extensive loss of scales; fecal casts; fray-
ed, hemorrhagic fins; a white haze over
the entire head; and severe erosion of
cartilage in the nose, mouth and lower
jaw. Large numbers of fish were vertical
and motionless in the water column. Yel-
low sheets of bacterial growth were ob-
served in the base of the mouth and
pharynx, and, occasionally, filling the
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FIGURE 1. Weekly mortality and maximum water temperature during an outbreak of myxo-

bacterial disease in seawater reared coho salmon.

pneumatic duct. Death occurred approxi-
mately one week after signs appeared,
and probably was caused by osmotic
stress resulting from the extensive loss of
scales and tissue damage in the nose and
mouth.

Therapeutic levels of Furox, Tylosin,
Terramycin, and Sulfamerazine intro-
duced into the feed were ineffective. Cop-
per sulfate dips (1:2000 for 2 min) as re-
commended by Anderson and Conroy*
were attempted on affected fish, but by
the time fish showed signs, the disease
was too far advanced for successful ex-
ternal treatment. Prophylactic dips or
baths for the several hundred thousand
fish in the net pens were impractical, and
handling the fish at high water tempera-
tures seemed unwise; therefore, the com-
pany could only wait out the problem.

Mortalities continued to increase
throughout August, reaching 50 fish/1000
fish/week, and then dropped sharply as
water temperatures fell below 15 C in
September (Fig. 1). The total loss was
approximately 50,000 fish (30%).

Tissue samples from mouth, jaw, kid-
ney and liver of 38 moribund fish were
collected during the outbreak. These
were examined microscopically, and cul-
tures were attempted on Tryptic Soy
Agar TSA with 1.5% NaCl (Difco Inc.)
and Ordal’s medium with 50% seawater,
and incubated at 20 C. The predominant
organism in all cultures appeared to be
the same on the basis of colony and cell
morphology. Of 31 viable isolates ob-
tained, six were designated 553-A, B, C
etc., and maintained for further study.

Three methods were used to test patho-
genicity. Organisms from a 72 hr culture
were injected into the dorsal sinus of
juvenile coho, scarified into mouth or
flank tissue, or added to the aquarium
water. Kidney tissue from fish that died
was cultured on TSA with 1.5% NaCl
and Ordal’s medium with 50% seawater
for reisolation of the organism.

Morphological and biochemical charac-
teristics of all 553 isolates were deter-
mined using the methods of Hendrie et
al.” and Bullock.® Sensitivity disks (Difco
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Inc.) and the pteridine compound 0/
1290 were used to test drug sensitivity.
All media was prepared with 1.5% NaCl
or 50% seawater.

RESULTS

Scrapings of lesions in the jaw and
mouth, including deep layers of cartilage,
showed dense masses of myxobacteria.
The organism also was abundant in
scrapings from fins and from the skin,
especially the head. Gills appeared nor-
mal grossly and microscopically. An oc-
casional myxobacterium was seen in wet
mounts of kidney.

There was no growth from samples of
liver and kidney streaked on Ordal’s me-
dium or on TSA. Of the 38 mouth and
jaw samples streaked on Ordal’s medium,
31 produced yellow, spreading colonies
that adhered firmly to the medium and
formed macroscopic strings of bacteria.
Of these 31, the six isolates maintained
reacted similarly to all tests.

The organism was a gram-negative,
gliding rod measuring 0.5 um x 4-10 xm,
and was cytochrome oxidase and catalase
positive. It did not utilize agar, cellulose
or chitin. Gelatin was liquified and ni-
trate reduced; glucose was not oxidized
or fermented. There was no anaerobic
growth, and no growth on Ordal’s me-
dium prepared without seawater or less
than 1.0% NaCl. No fruiting bodies or
microcysts were produced. The organism
was sensitive to furozolidone, and resis-
tant to tetracycline, streptomycin, novo-
biocin and the pteridine compound 0/
129. Slide agglutination tests with F.
columnaris antiserum supplied by the
Eastern Fish Disease Laboratory in Lee-
town, West Virginia were negative for
all isolates. Dr. G. L. Bullock (personal
communication) of that laboratory re-
ported that one of these isolates sent to
him failed to agglutinate with antiserum
prepared against a marine myxobacter-
ium causing eroded mouth in rainbow
trout.?

Results of the pathogenicity tests were
inconclusive. Death occurred in two of
the 18 injected fish, and pure cultures of
the organism were reisolated from the
kidney. However, these reisolates did not
kill fish upon reinjection. No mortalities
occurred in two weeks among fish scari-
fied with the bacterium, or those exposed
to the organism in the water.

DISCUSSION

The epizootic closely resembled a
columnaris outbreak that had occurred
a month earlier in the company’s fresh-
water facilities. Like columnaris, the sea-
water disease produced severe erosion of
the nose, mouth and jaw that became
more severe Wwith increasing water tem-
peratures. However, failure of the bac-
terium to grow without seawater or NaCl,
or to agglutinate with F. columnaris
antiserum indicates that it was not a
“holdover” from a freshwater infection.

Biochemically, the organism was simi-
lar to pathogenic estuarine bacteria de-
scribed by Bullock.® According to Bu-
chanan and Gibbons,* a long, thin, gram-
negative rod that shows gliding move-
ment and does not attack agar, chitin and
cellulose, or produce fruiting bodies or
microcysts, is classified as Flexibacter.

The inconclusive pathogenicity tests are
not surprising. Only two myxobacteria,
F. columnaris® and C. psychrophila® have
been transmitted from cultures. Bullock®
found it necessary to first stress the test
fish, and then expose them to live in-
fected fish to transmit myxobacterial gill
disease. Probably the failure to prove
pathogenicity with the Maine Salmon
Farms’ organism was related to the test-
ing conditions. Thus, evidence for patho-
genicity is, as yet, circumstantial. How-
ever, the characteristic signs of myxo-
bacterial infection, the consistent pre-
sence of large numbers of myxobacteria
in mouth and jaw lesions, and the absence
of other bacteria from internal organs,
point to this organism as the cause of
the mortality.

[ Gallard-Schlesinger Chemical Mfgs., Carle Place, Long Island, New York.
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The role of stress in myxobacterial dis-
ease is well documented,®* yet commer-
cial salmon growers, for economic rea-
sons, frequently expose their stock to
some degree of stress. They must trans-
fer fish to seawater at as small a size as
possible, hold them at high density, and

risk abnormally high summer water tem-
peratures. Osmotic and temperature stress
almost certainly contributed to the high
mortality at Maine Salmon Farms. This
outbreak indicates that myxobacterial
disease, like vibriosis, can be a major
limiting factor to finfish mariculture.
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