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Abstract
Amoebic gill disease (AGD) is the most serious disease problem in Atlantic salmon aquaculture
in Tasmania at present. Little is known however, about the sources or reservoirs of Paramoeba
pemaquidensis, the causative agent of AGD. This study evaluated the possibility of mortalities
being a reservoir of P. pemaquidensis that could infect live naïve fish as well as uninfected dead
fish. Using Immunofluorescent antibody test (IFAT) for P. pemaquidensis on gill mucus smears it
was determined that paramoebae remain on infected gills for at least 30 hours after death of the
host and that during this time the number of paramoebae appear to increase. In addition it was
established that paramoebae from dead infected fish can colonise the gills of previously uninfected
dead fish thereby potentially increasing the bio-burden of paramoebae on infected farms.

dead fish as reservoirs of AGD infection
would have significant implications for the
management of cage hygiene.

Seawater-adapted Atlantic salmon ranging in
fork length from 27 to 35 cm were obtained
from the Aquatic Key Centre, University of
Tasmania, Launceston. Three uninfected fish
were taken from specific pathogen free stocks
of Atlantic salmon kept in brackish seawater
of 30 ppt.  Three P. pemaquidensis donor fish
were taken from stocks known to have AGD
that were held in an experimental tank with
seawater at a salinity of 37 ppt.  Both tank
systems were kept at a constant temperature
of 13 ºC.  The fish in the two groups were
killed by anaesthetic overdose in a bath con-
taining 100 mg/L of benzocaine.

A 450 l bin was filled with 175 l of filtered

Amoebic Gill Disease, caused by the proto-
zoan pathogen Paramoeba pemaquidensis is the
main disease affecting Atlantic salmon culture
in Tasmania (Munday et al 1990, Munday et al

1993, Clark and Nowak, 1999).  Salmon farms
have different time frames for removing
mortalities from net-pens and range from any-
where between one and fourteen days, the
frequency of removal dependant on the
number of dead fish in the pens.  While it is
known that infected dead fish present in pens
can be a reservoir for some pathogens, for
example infectious salmon anaemia virus
(ISAV) (Jarp and Karlsen 1997), it is not known
if this is true for P. pemaquidensis.  The main
aim of this study was to determine if
paramoebae remain on infected fish after
death and if paramoebae from such fish can
colonise dead uninfected fish.  Evidence of
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seawater at a salinity of 38 ppt and used as
the exposure tank for the trial. The water tem-
perature was measured every hour during the
experiment and ranged from 20 to 21 ºC. Im-
mediately after euthanasia, the fish were
tagged individually, and a baseline gross gill
score as an index of infection was determined
for each fish (Clark and Nowak, 1999). The
score was represented as clear (no signs of
infection), light, medium or heavy infection.
A gill smear to detect P. pemaquidensis by IFAT
(Howard and Carson, 1993) was also made
for each fish to determine parasite load at time
zero. The two groups of fish were placed ran-
domly into the 450 L bin. The bottom of the
bin was large enough for the fish to rarely
have physical contact. The water in the bin
was gently stirred at each sample interval to
prevent localised concentrations of
paramoebae from occurring. Gill mucus
smears were taken from each fish at times t=
1, 2, 3, 4, 5, 6, 7, 24 and 30 hours, and the
number of paramoebae semi-quantified by
means of IFAT. All fish were sampled on the
following gill arches: first left (t=0 and 1), sec-
ond left (t=2), third left (t=3), fourth left (t=4),
first right (t=5), second right (t=6), third right

(t=7). At t= 24 and 30 hours no distinct gill
arches could be distinguished and a mucus
samples was taken from the whole left and
right side gill respectively.

The IFAT to detect paramoebae in gill mucus
smears followed the protocol developed by
Howard & Carson (1993) using a primary rab-
bit antibody prepared to P. pemaquidensis

strain PA027. Cells of paramoebae were
counted in 10 random fields of view, at a 100X
final magnification using an Olympus BX40F-
3 UV epi-fluorescence microscope and FITC
filter set.

The infected group had a gross gill score re-
spectively of ‘light’ (18 paramoebae by IFAT),
‘medium’ (79 paramoebae) and ‘heavy’ (193
paramoebae). Although the mean number of
paramoebae on the infected fish varied over
time (Table 1), there was an overall increase
in paramoebae numbers compared to time
zero samples, with the maximal number of
paramoebae seen on the infected gills after six
hours. Paramoebae nevertheless were still
very abundant on the gills of infected fish at
termination of the experiment after 30 hours.

)h(emiT hsiFdetcefnI
)DS(abeomaraP.oNnaeM

hsiFlortnoC
)DS(abeomaraP.oNnaeM

0 )5.27(7.69 )0(0.0

1 )6.951(6.222 )0(0.0

2 )2.132(3.153 )0(0.0

3 )8.052(3.653 )0(0.0

4 )4.032(0.992 )5.0(3.0

5 )9.621(0.922 )0(0.0

6 )7.622(3.324 )9.0(7.0

7 )5.902(7.792 )0(0.0

42 )8.35(3.301 )2.1(3.3

03 )6.261(0.272 )4.5(3.6

 Table 1. Mean number of paramoebae/10 fields determined by IFAT
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The uninfected group had a gross gill score
of ‘clean’, which was confirmed by negative
IFAT tests at time zero. These fish remained
uncolonised during the first four hours, after
which time paramoebae were detected in one
of the three fish tested. After 24 hours, all three
initially negative fish were colonised by
paramoebae and by termination of the experi-
ment after 30 hours (Table 1) the number of
paramoebae evident on the gills had in-
creased. Sampling after 30 hours was not at-
tempted because of the degree of autolysis
and tissue deterioration that had occurred in
both groups of fish.

The fact that paramoebae not only remained
on the dead infected fish, but also seemed to
increase in numbers suggests that AGD
mortalities are a potentially important reser-
voir of infection. Additionally, the experimen-
tal evidence suggests that paramoebae can
colonise dead naïve fish leading to an increase
in their number over time. This apparent am-
plification of paramoebae has important im-
plications in the management of cage hygiene
by farms. It can be argued that prompt re-
moval of carcases from cages may reduce the
bio-burden of paramoebae and so reduce the
likelihood of infecting naive fish and poten-
tially limit the severity of AGD outbreaks.

The experimentation was carried out at 20-
21OC and was chosen to reflect conditions that
occur during the main outbreaks of AGD on
Tasmanian salmon farms during the warm
summer months (Clark and Nowak 1999). At
cooler temperatures, the survival times of
paramoebae on the gills of the already in-
fected fish as well as colonisation of dead
uninfected fish is unknown.  It is most likely

however, that the colonisation and reproduc-
tion times of paramoebae would be tempera-
ture dependent and slower at lower tempera-
tures.
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