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Abstract
This paper describes a clinical outbreak of disease associated with the bacterium Vibrio anguillarum,
in farmed cod at a Scottish pump-ashore facility. Histological and bacteriological findings are
described. The outbreak was successfully treated and the fish were vaccinated using an oral
vaccine. Further mortality occurred in the subsequent generation of fish following vaccination.
The serology of the organism isolated is discussed.

Introduction
The decline in wild catches and the conse-
quent increase in market price, coupled with
advances in marine fish culture techniques,
has led to increasing interest in cod (Gadus

morhua L.) as a candidate commercial
aquaculture species. Small commercial farms
have been in existence in Norway for some
years, although the first pilot commercial
ongrowing farms appeared in Scotland much
more recently.

A number of organisms capable of causing
clinical disease in cod have been known for
some time. Clinical infections associated with
the bacterium Vibrio anguillarum have been
described from Norway, causing chronic dis-
ease associated with low grade mortality over
a long period (Torrissen et al. 1993). This pa-
per describes a case history of an infection of
cod with V. anguillarum at a Scottish marine
pump-ashore facility.

Materials and Methods / Results
History
Approx. 6,000 March 1998-hatch codlings
were transferred into a single concrete tank,
fed with ambient seawater pumped from an
adjacent sea loch, in August 1998.  These fish
performed well through the summer and au-
tumn, but losses began to rise as temperatures
reduced, peaking at approximately 300 per
week by February 1999. The majority of the
mortalities were described as having a single
“swollen fin”. The fish had been previously
treated with formalin baths, with no impact
on the level of mortality.

Clinical examination
The fish were examined by the authors in Feb-
ruary 1999, when seawater temperature in the
tank was approx. 9OC.  Mean fish weight was
approximately 350g. The majority appeared
to be shoaling and feeding well and were in
good external condition. However, a number
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of moribund fish were seen with severely
thickened and grossly necrotic fins (fig 1). In
most cases only one fin was affected, but not
always the same fin in different fish. Several
fresh mortalities with similar gross lesions
were also evident around the outlet screen in
the centre of the tank.

Five affected moribund fish were removed
and euthanased to allow for more detailed ex-
amination. Affected fins were grossly swol-
len and necrotic, with a pale grey colouration.
The swelling in most cases appeared to ex-
tend locally into the musculature at the base
of the fin, and some associated bleeding was
evident in some fish. Internal examination
revealed inconsistent petechiation in pancre-
atic fat between the pyloric caecae, and haem-
orrhage around the vent in two of the fish.
No other gross lesions were seen.

Tissue samples from affected fins, gill, liver,
kidney, spleen, gut, and heart were taken from
each sampled fish, and fixed in 10% formal
saline for histological examination. Swabs
were taken from the base of damaged fins and
from kidneys into charcoal transport media
supplemented with 2% sea salts.

Laboratory findings
Histological examination of haematoxylin and
eosin stained tissue sections revealed consist-
ent pathology in samples of fish fin tissues
with massive oedematous changes, severe
necrosis with haemorrhaging, and significant
inflammatory cell infiltrates with numerous
bacteria, bacilliary in nature, appearing as dis-
crete microcolonies or individual organisms.
Similar changes were present in some sections
of skin hypodermis and upper muscle layers
(fig 2). Areas of necrosis with haemorrhage
were present within the spleen with variable
numbers of bacteria in evidence. Significant
multifocal endocarditis was seen in heart sec-
tions with numerous dead and dying cells free
within ventricular spaces; tissue-fixed endo-
cardial macrophages were highly vacuolated
with occasional cells containing small num-
bers of bacteria. Significant kidney pathology
was present with multiple foci of interstitial
necrosis and tubular necrosis with cast for-
mation; small numbers of bacteria were seen
throughout. A large amount of amorphous
eosinophilic (proteinaceous) material was
present within the lumen of pyloric caecae,
and diffuse necrosis of gut mucosa was noted.

Fig 1. Moribund cod showing typical dorsal fin
lesion

Fig 2. Section of hypodermis/muscle showing
oedematous and necrotic changes and
inflammation, with a discrete bacterial colony
(arrowed). H&E x 400
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Gill tissue showed generalised hypertrophy
of epithelial and mucous cells with some ar-
eas of proliferative change. The livers ap-
peared to be relatively unaffected.

Both kidney and fin lesion swabs from all
sampled fish yielded pure growths of smooth,
convex, round, creamy colonies after 48 hours
on plates containing Tryptone Soy Agar sup-
plemented with 2% sea salt, and incubated at
15oC. All isolates were fully sensitive to the
vibriostat O/129 agent at 150mcg but only
gave intermediate sensitivity at 10mcg. Gram
stained smears showed the colonies to con-
sist of comma-shaped gram negative bacilli.
Incubation on API 20E test strips strongly in-
dicated the organism to be V.anguillarum: Re-
actions were positive for ONPG, ADH, CIT,
VP, GEL, GLU, MAN, SOR, OX, N2 and MOB.
Variability between the 1999 and 2000 isolates
was recorded for SAC (1999+/-; 2000+) and
ARA (1999+; 2000-). Agglutination tests us-
ing the Bionor Aquarapid® Va latex aggluti-
nation kit confirmed the isolate to be V.

anguillarum.

In vitro antibiotic sensitivity tests using agar
plate diffusion techniques revealed in vitro

sensitivity to oxolinic acid and sarafloxacin,
but reduced sensitivity to oxytetracycline,
amoxycillin, and trimethoprim + sulphadi-
azine.

Serological identification of bacteria
The isolates reacted with antiserum against
V. anguillarum NCIMB 6 (serogroup O2), and
subtyping with subgroup O2a and O2b an-
tisera, kindly provided by J.L.Larsen, showed
this to be a subgroup O2b organism.

Treatment
The fish were treated orally using oxolinic
acid (“Aquinox”®, Vericore Ltd.) at an active
dose of 20mg/kg fish/day for 10 days. Dur-
ing and following treatment mortality re-
duced to insignificant levels, as did the num-
bers of fish with visible lesions. These fish
were subsequently vaccinated using a com-
mercial oral V. anguillarum vaccine contain-
ing antigens of types 01 and 02, under a Spe-
cial Treatment Authorisation from the Veteri-
nary Medicines Directorate. A two dose re-
gime with a 30 day gap, was used, as per the
recommendation of the vaccine manufacturer.
Following vaccination, no further clinical dis-
ease associated with V. anguillarum infection
was noted in these fish. However, an identi-
cal outbreak of the disease occurred a year
later in the subsequent year class of fish, a few
weeks after primary oral vaccination, suggest-
ing that protection following vaccination may
have been poor or short lived.

Discussion
The fish appeared to be suffering from clini-
cal infection with V. anguillarum serotype 02b.
The gross clinical signs are similar to those
described by Ferguson (1989), Torrissen et al.
(1993) and Baudin-Laurencin (1995). The or-
ganism may be gaining access to the fish
through the affected fins, via small skin abra-
sions resulting from contact with hard sur-
faces such as the concrete floor and sides of
the tank or the central metal grill screens,
damage from sunlight, or aggressive interac-
tions between fish. The eventual death of af-
fected fish probably results from subsequent
haematogenous spread resulting in septicae-
mia and toxaemia and the associated severe,
acute internal pathology described.
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Historically, several serotyping schemes were
developed for V. anguillarum  and these were
combined in the systematic studies of
Sørensen & Larsen  (1986), Grisez & Ollevier
(1995) and Pedersen et al. (1999) which now
show the existence of  23 different O-antigen
serogroups of V. anguillarum, including sub-
groups O2a, O2b and possibly O2c of
serogroup O2 (Rasmussen, 1987; Tiainen,
Pedersen & Larsen, 1997). Sorensen & Larsen
(1986) found that the majority (78%) of iso-
lates from marine feral fish were of serogroup
O2, and 8/9 of isolates from skin mucus of
healthy cod were of this serogroup. Subtyping
of isolates from cod showed that the relative
number of serogroup O2b isolates was con-
siderably higher (18/51) in cod than in other
fish species (Larsen et al. 1994). The degree of
“cross protection” afforded between sub-
groups is as yet uncertain, and may partly ex-
plain why vaccination appeared to give lim-
ited protection here. It has been noted by
Tiainen et al. (1997) that there may be a need
to include representatives of the different O2
subgroups in vaccines.

Clinical vibriosis caused by V. anguillarum has
been described for many marine fish species,
although it most commonly occurs during
spring or autumn when water temperatures
are rising or falling. The outbreak of clinical
disease in cod described here began in late
autumn and continued into the low tempera-
ture winter period. The extensive and wide-
spread associated internal pathology did not
appear to involve the livers in affected fish.
These factors suggest that in cod, clinical in-
fection with V. anguillarum may not follow the
classical pattern reported in the literature for
other marine fish species. In any event, the
disease can cause significant losses and

should be considered a potentially important
factor in the development of cod as a com-
mercial aquaculture species.
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