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Abstract
A laboratory infection trial tested if Neoparamoeba pemaquidensis, the protozoan responsible for
AGD, remained infectious for up to 14 days when out of contact with host tissues. In the infec-
tion trial, 14 Atlantic salmon (Salmo salar) were exposed to gill-derived paramoebae, which had
been out of contact with hosts for up to 14 days. At the conclusion of the trial fish tested immuno-
dot blot positive and were positive for histology. This implies that infection occurs from water to
fish and the zone of infection around salmon farms may be very extensive.

Sea farming of Atlantic salmon was estab-
lished in Tasmania in 1984. Not long after,
amoebic gill disease (AGD) was seen (Roubal
et al., 1989, Munday et al., 1990). Presently
AGD is the main disease affecting the salmon
industry in Australia (Clark & Nowak, 1999,
Nowak, 2001). Neoparamoeba pemaquidensis,
the disease causing protozoan of AGD, is not
confined to Tasmanian waters (Munday et al.,
1990, 1993) with outbreaks recorded in Ireland
(Rodger & McArdle, 1996, Palmer et al., 1997),
France (Findlay & Munday, 1998), Spain
(Dykova et al., 2000), New Zealand (Clark &
Nowak, 1999), Washington State and Califor-
nia, USA (Kent et al., 1988), and in Chile
(D.Groman & P.Bustos, pers. comm.). Fish
species affected by N. pemaquidensis are At-
lantic salmon (Salmo salar), chinook salmon
(Oncorhynchus tshawytscha), coho salmon
(Oncorhynchus kisutch), turbot (Scophthalmus

maximus), European sea bass (Dicentrarchus

labrax), and sharpsnout seabream (Diplodus

puntazzo) (Kent et al., 1988, Clark & Nowak,
1999, Dykova et al., 2000, Munday et al., 2001,
Dykova & Novoa, 2001).

Transmission of AGD has been successfully
achieved through co-habitation of salmon
with naive salmon (Akhlagi et al., 1996,
Zilberg et al., 2000). Infection could also be
established by exposure of fish to paramoebae
freshly harvested from gills of fish known to
have AGD (Zilberg et al., 2001). AGD could
not however be achieved when fish were ex-
posed to cultured paramoebae (Kent et al.,
1988, Howard et al., 1993). To date it remains
unclear why the cultured protozoan loses its
ability to induce AGD in fish, and it is not
known if N. pemaquidensis requires regular
contact with host gill tissues to remain infec-
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tive. This study described an infectivity trial
in which specific pathogen free (SPF) Atlan-
tic salmon were exposed to N. pemaquidensis

that were out of contact with fish tissues for
up to 14 days.

The Aquatic Key Centre, University of Tas-
mania, Launceston, Tasmania donated four-
teen SPF Atlantic salmon, which had been
kept in freshwater tanks. The fish were
brought up to full salinity sea water just prior
to the infection trial, using 5 µm filtered
seawater to exclude the presence of
Neoparamoeba pemaquidensis in the sea water.
The trial was performed in three re-circula-
tion systems, system 1 (S1), system 2 (S2) and
system 3 (S3). Each individual system con-
sisted of three tanks with a working volume
of 50 L each and one common bio-filter, which
was positioned in a 30 L sump. Prior to the
infection trial all tanks and biofilters were
soaked and washed with freshwater to kill
and remove any N. pemaquidensis. The systems
were then filled with 5 µm filtered seawater.
One of the three recirculation systems (S1) was
inoculated with gill-harvested paramoebae at
the same time as four Atlantic salmon were
placed into this system; and this group was
used as a positive control for the trial. The
second recirculation system (S2) was inocu-
lated with gill-harvested paramoebae three
days before six SPF salmon were added to this
system. The third system (S3) was inoculated
with gill-harvested paramoebae, followed by
the placement of four SPF Atlantic salmon into
this system 14 days later. The average fork
length of the fish was 28.5cm (SE 0.26) for the
S1 group, 25.4cm (SE 0.83) for the S2 group,
and 30.1cm (SE 1.05) for the S3 group. All fish
in this trial were exposed to paramoebae for
seven days, after which the fish were killed

by anaesthetic overdose using 100 mg/L ben-
zocaine.

The gill harvested paramoebae, which were
used for inoculation of the systems, were ob-
tained from known AGD infected donor fish,
which were held in an experimental tank at
37 ppt salinity and a temperature of 13ºC.
Paramoebae harvesting was carried out as
described by Zilberg at al. (2001). In short, gills
arches were dissected and the arches placed
in a sterile 2.5% w/v ammonium chloride
solution at 4ºC overnight. After discarding the
ammonium chloride, mucus was collected by
carefully scraping it off the lamellae for each
gill arch. The suspension was washed twice
with sterile (121ºC, 15 minutes) and 0.1µm fil-
tered seawater, and a paramoebae cell count
performed using a haemocytometer and 0.5%
trypan blue as an indicator of cell viability.
Each system was seeded with 1.5 million
freshly harvested paramoebae by direct ad-
dition of the cell suspension to the challenge
tanks of each re-circulation system. The aver-
age salinity during the trial was 35.0 ppt (SE
0.00), 38.3 ppt (SE 0.33), and 35.2 ppt (SE 0.17)
for S1, S2, and S3 respectively. The average
temperature during the trial was 17.8ºC (SE
0.20) for S1, 18.7ºC (SE 0.10) for S2, and 18.4ºC
(SE 0.23) for S3. The ammonia level remained
below 0.1 ppm at all times during the trial.

Fish were not sampled at the commencement
of the trial to prevent mechanical damage to
the gill filaments and therefore introducing
factors that we did not wish to study in this
infection trial (i.e effects of pre-disposing fac-
tors such as damaged gill filaments). At the
conclusion of the trial gill mucus smears were
taken from the third gill arch on the left hand
side of each fish for detection of the presence
of N. pemaquidensis using immuno-dot blot



Bull. Eur. Ass. Fish Pathol., 23(1) 2003,  37

(Douglas-Helders et al., 2001a). All gill arches
from the right hand side of the fish were dis-
sected, fixed in seawater Davidson’s fixative,
standard processed, and haematoxylin and
eosin (H&E) stained for histological examina-
tion of the gills. Infection in this trial was de-
fined as the presence of N.pemaquidensis in a
mucus smear or in a histological section. If
any mortalities occurred during the trial, fish
were removed from the system and gill sam-
ples were tested with the previously men-
tioned techniques.

When analysing the samples using histology,
it became apparent that a co-existing Flavo-

bacterium (flexibacter-like, J. Handlinger pers.
comm.) infection had taken place. Therefore
the number of bacterial populations was
roughly estimated and ranged from scare, few,
common, and heavily loaded, corresponding
with a score of 1, 2, 3, and 4 respectively. An
average bacterial load score was calculated to
estimate the bacterial infection load for each
treatment group.

At the conclusion of the trial, salmon of all
treatment groups tested positive for N.

pemaquidensis, determined by dot blot and
histology. Percentages of AGD positive fish
for each treatment group and testing method
are shown in table 1. Histologically, early
signs of infection with N. pemaquidensis were

visible in both the S1 and S3 groups, with
marked thickening and focal fusion of the sec-
ondary lamellae and evidence of excessive
mucus production. However, classical AGD
lesions as seen in fish with prolonged AGD
were not detected in any of the fish. The gills
from the S2 group could not be analysed
histologically due to autolysis resulting in
severe deterioration of gill structures and cell
disintegration.

Mortalities occurred from as early as one day
post-exposure, which happened in the S2
group, and continued onwards in all three
treatments. The fish which was exposed to N.

pemaquidensis for one day only tested
immuno-dot blot negative. All fish in the S2
group died before the conclusion of the trial,
with maximum exposure duration to
paramoebae of three days. A fish exposed to
paramoebae for two days from the S2 group
tested positive for dot blot. One fish (25%) of
the S3 group and three fish (75%) of the S1
group died before the termination of the trial.
The S3 group showed the least number of
mortalities, compared to the other two treat-
ment groups. The average bacterial score was
2.75 for S1, 2.67 for S2, and 1.00 for S3, indi-
cating a lower bacterial load in the S3 group.

Results showed that infection (presence of N.

pemaquidensis) occurred, even when

tnemtaerT
puorg

rebmuN
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tolb

ygolotsiH

1S 4 %001 %001

2S 6 %3.38 *AN

3S 4 %57 %57

Table 1: Percentages of N. pemaquidensis positive fish, tested with immuno-dot blot, and histology, for the
three different treatment groups S1, S2 and S3. Tanks were inoculated with gill harvested paramoebae,
followed by placement of Atlantic salmon to these tanks at zero (S1), three (S2) and fourteen (S3) days post-
paramoebae inoculation. *NA: Not available due to autolysis of the gills and loss of gill integrity.
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paramoebae were out of contact with a host
for 14 days. This suggests that the gill-derived
N. pemaquidensis remains infective for at least
14 days after dispersal into the water column.
Water currents form the main transport
mechanism for free-floating protozoans like
N.pemaquidensis (Rodriguezzaragoza, 1994).
Thus the protozoan would be able to infect
other hosts away from the point of origin
when carried by water currents.

The percentage of paramoebae positive fish,
determined by immuno-dot blot and histol-
ogy, increased with decreasing time between
paramoebae inoculation and fish introduction
to the system. Also, the lowest number of
mortalities was seen in the group where the
paramoebae lacked contact with host tissues
for the longest duration (S3). This might indi-
cate a slight reduction in virulence of N.

pemaquidensis over time when no contact with
a host is made. The decrease in virulence in
this S3 group was however minor, with 75%
of the fish positive for immuno-dot blot and
histology, compared to 100% in the S1 group.

The infection in this trial proved to be very
aggressive, resulting in many mortalities.
Though the paramoebae dose was high with
usage of about 6,500 times the minimal infec-
tious dose (Zilberg & Munday, 2000), it was
successfully used in a previous study in which
the same number of paramoebae was used
(Douglas-Helders et al., 2002). Ammonia con-
centrations in the tanks remained below con-
sidered as dangerous levels, and were simi-
lar in all groups, suggesting that water qual-
ity did not interfere with the infection trial.
Especially the S2 group showed a very high
mortality rate, with a maximum life span of
the fish of three days post paramoebae expo-

sure. This group, as well as the S1 group,
showed a higher estimated bacterial score,
and S3 experienced the highest temperatures
and salinities compared to S1 and S3. The re-
sults suggest that bacterial presence, in com-
bination with higher temperatures and
salinities, may increase the severity of
paramoebae infection and have a negative
effect on fish health, resulting in death. It re-
mains unclear however, if the bacterial infec-
tion, combined with high salinity and tem-
perature were a pre-disposing factor for the
paramoebae infection in this trial.

This study showed that N. pemaquidensis re-
mains infective, despite lack of contact with
hosts for up to 14 days. This implies that trans-
mission of AGD infections in the field do not
only occur from fish to fish, but also from
water to fish and suggests that the zone of
infection around a farm may be very exten-
sive.

The authors thank Dr. Mark Powell, Univer-
sity of Tasmania for his tank systems and the
award of a PhD scholarship by the Co-opera-
tive Research Centre for Aquaculture to M.
Douglas-Helders.
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