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Abstract
When levamisole was added to freshwater baths, used to treat Atlantic salmon for amoebic gill
disease (AGD), there was a significant decrease in subsequent mortality of the fish. This was
particularly the case in fish experiencing their first exposure to AGD. There were no significant
differences in responses to 1.25, 2.5 and 5.0 mg/L levamisole. It is proposed that this response is
related to enhancement of the non-specific immune system. Oral supplementation with levamisole
or glucans did not prevent subsequent moralities when Atlantic salmon, naïve to AGD were
subsequently exposed to this disease.

Introduction
Amoebic gill disease (AGD) is the most im-
portant disease of sea-caged Atlantic salmon
in Tasmania (Findlay and Munday 1998) and
is currently treated and controlled by the use
of freshwater bathes and/or brackish water
culture sites. There have been a number of
attempts to find suitable chemotherapeutants
which can be fed to the fish or used in
seawater (Alexander 1991, Cameron 1994,
Howard and Carson 1994), but the only en-
couraging results have been those of Lee et al

(1994) and Lee (1995) who researched oral
supplementation with ß-glucans, which are
known to be stimulators of the non-specific
immune system in fish (Robertson et al. 1990,
Nikl et al. 1991, Raa et al. 1996). This paper

reports studies using ß-glucans and
levamisole, another compound which acts as
an immunostimulant of the non-specific im-
mune system in fish (Siwicki 1987 and 1989,
Kajita et al. 1990, Jeney et al. 1994, Mulero 1998,
Findlay and Munday 2000), as potential pro-
phylactic treatments for AGD. The informa-
tion on mortalities reported here was gath-
ered incidentally to a major series of trials to
be reported elsewhere, in which the measure-
ment of disease was the extent of gill lesions.

Materials and Methods
Atlantic salmon of 100-200 g body weight
(BW) and naïve in relation to AGD were used
in all the trials. The major part of the study
was based on the experimental design de-
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scribed by Findlay and Munday (1998). In
brief, fish which had previously experienced
no, one or two episodes of AGD were given a
variety of freshwater bath treatments with
different levels of levamisole, and then re-ex-
posed to infection in the form of cohabitation
with clinically diseased fish. Details of the
three individual trials are given in Table 1.
Mortalities were recorded over a four-week
period. In a completely separate trial, fish
were divided into three groups, each held in
freshwater in 4000 Rathburn recirculating
tanks. All fish were fed with commercial
salmon feed, at the rate of 1% BW, supple-
mented as follows: 1. ß- glucans at 1g/kg feed,
commencing 31 days before exposure to AGD
for a period of 21 days (i.e. no supplementa-
tion for the last 10 days). 2. Levamisole at 500
mg/kg feed commencing 20 days before ex-
posure to AGD for a period of 10 days (i.e. no
supplementation for the last 10 days). 3. Un-
supplemented salmon feed. The three groups
were split between two tanks, acclimatized to
seawater, and cohabited with fish with clini-
cal AGD. Mortalities due to AGD were re-
corded over a three-week period. Details of
the group sizes used are given in Table 2.
Mortality patterns were similar between rep-
licate tanks in individual trials, therefore the
data for each treatment within an experiment
were combined. Treatments were compared
by the chi-squared test.

Results
In the trials within the major integrated
project (Table 1), it was found that both the
use of levamisole in freshwater bath, and pre-
vious history of the fish in relation to AGD
influenced the results (Table 1). In all in-
stances, when naïve fish (which had never

previously experienced AGD) bathed in fresh-
water alone, were cohabited with fish with
clinical AGD, they suffered significantly
greater mortalities in comparison to all other
groups, including naïve fish which were
bathed in freshwater containing 5.0 mg/L
levamisole (Table 1, trials 1 and 2). Because of
the varying severity of disease induced in the
different trials (1, 2 and 3), the other results
were not so clear cut, but the main findings
were: 1. Within the range of 1.25-5.0 mg/L,
the concentration of levamisole in the fresh-
water bath did not appear to affect the out-
come (Table 1, trial 3). 2. The addition of
levamisole to a freshwater bath appeared to
reduce mortalities if the fish were naïve to
AGD or had previously suffered one episode
of AGD. (Table 1, trials 2, 3 and trial 1 with
naïve fish groups, but not previously exposed
groups). Levamisole had no significant effect
if the fish had experienced two episodes of
AGD or had experienced one episode and had
been returned to freshwater for four weeks
before re-exposure to AGD (table 1, trial 2).
In contrast to the apparent efficacy of
levamisole in freshwater baths in reducing
mortalities, this chemotherapeutant and
glucans given orally did not appear to pro-
vide useful protection against mortalities due
to AGD (Table 2).

Discussion
As reported previously by Findlay and
Munday (1998), the resistance developed by
salmonids to reinfection with AGD appears
to be due to stimulation of the fish’s non-spe-
cific immune system. As both levamisole
(Siwicki 1987 and 1989, Kajita et al. 1990, Jeney
et al. 1994, Mulero 1998, Findlay and Munday
2000) and glucans (Robertson et al. 1990, Nikl
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et al. 1991, Raa et al. 1996) are capable of stimu-
lating the non-specific immune system in their
own right, it would be logical that they would
be useful in the treatment and prevention of
AGD. However it appears that oral adminis-
tration of these immunomodulators is not as
efficiouse as the use of levamisole in a fresh-
water bath, where it, presumably, acts locally
on the gills. Unfortunately, the authors were
unable to obtain soluble glucans preparations
for use in baths, but an attempt to use stand-
ard preparations suggested that glucans may
also be efficient by this route (Findlay unpub-

lished). While these results are encouraging,
their application in the field is not straight-
forward because farms may not know how
many episodes of AGD their fish have been
previously exposed to. The possibility of us-
ing levamisole during transport of smolts
from the hatchery to their sea-cages is wor-
thy of consideration. In that instance, if low
salinity water is used as the transport me-
dium, it would be necessary to ensure that the
water was not sufficiently alkaline to
hydrolyze the levamisole.

.onlairT tnemtaerT elosimaveL
)l/gm(esod

hsifforebmunlatoT
)setacilperowt(

latoT
seitilatrom %PPR

1 veL1xEP 00.5 63 1b 2.79

1 WF1xEP 0 63 1b 2.79

1 veLevïaN 00.5 63 2b 4.49

1 veLevïaN 0 63 8a 8.77

2 veLWF4EP 00.5 03 0c 001

2 WFWF4EP 0 03 0c 001

2 veL2xEP 00.5 03 0c 001

2 WF2xEP 0 03 0c 001

2 veL1xEP 00.5 03 2c 3.39

2 WF1xEP 0 03 03 a 0

2 veLevïaN 00.5 03 7b 6.67

2 WFevïaN 0 03 03 a 0

3 veLEP 00.5 63 0c 001

3 veLEP 05.2 13 0c 001

3 veLEP 52.1 33 0c 001

3 WFEP 0 43 6b 4.28

3 WFevïaN 0 04 51 a 5.26

Table 1:  Summary data of experimental procedures and mortalities for levamisole supplementation in
freshwater bath treatments. abc  different superscript indicates a significant difference within a trial. PE=
previously exposed, FW= 2-3h freshwater bath only, Lev= 2-3h freshwater bath + levamisole, 4FW= 4 weeks
in freshwater before re-exposure, RPP= relative percent protection.
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