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Abstract
The recent report of amoebic gill disease (AGD) and of Neoparamoeba perurans in Chile has made 
it necessary to develop practical tools that will be useful for carrying out epidemiological studies. 

N. perurans. The prevalence of AGD in At-
lantic salmon was 55.7% (29/52 farms) and the epidemic curve was observed between May 2007 

300 g reared in Los Lagos Region during summer and autumn season showed 3.7 (p=0.0004), 4.2 
(p=0.0178) and 6.2 (p=0.0031) times greater risk to be AGD positive, respectively. The reduction of 
Atlantic salmon biomass reared in Chile closely related with ISA crisis could considerably have 
increased the infection pressure of N. perurans to rainbow trout (63.2%, 12/19 farms) and coho 
salmon (90.9%, 10/11 farms).

Introduction
Amoebic gill disease (AGD) is a parasitic con-

in the marine environment (Munday, 1986; 
Kent et al., 1988; Dyková et al., 1995). AGD is 
caused by Neoparamoeba perurans (Young et al., 
2007), which is the aetiological agent in AGD 
cases reported from Australia, Ireland, Japan, 
New Zealand, Norway, USA, Scotland, Spain 
and Chile (Munday el al., 1990; Rodger and 
McArdle, 1996; Steinum et al., 2008; Crosbie et 
al., 2010; Bustos et at., 2011). PCR assays have 

-
tity of the parasite (Young et al., 2008; Rozas 
et al., 2011a).
 

husbandry practices, concentration and rela-
tive distribution of salmon farms, local aquatic 

ecology, protozoan species diversity and in-
teraction (Douglas-Helders et al., 2003), but 

Rodger, 2011). Water temperatures between 12 
and 20º C and high water salinities (>32 ppt) 
have been recognized as two of the major risk 
factors for AGD outbreaks (Munday et al., 1990; 
Rodger and McArdle, 1996; Clark and Nowak, 
1999; Douglas-Helders et al., 2003; Douglas-
Helders et al., 2005). 

Atlantic salmon is the species most susceptible 
to AGD (Munday et al., 2001) but rainbow trout, 
Oncorhynchus mykiss, coho salmon, Oncorhyn-
chus kisutch, turbot, Scophthalmus maximus, and 
sea bass, Dicentrarchus labrax are also known 
to be susceptible (Kent et al., 1988; Munday et 
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al., 1990; Dykova et al., 1995). The tidal current 

areas would have less incidence rates of AGD 
(Foster and Percival, 1988). The objective of 
this work is to identify some risk factors of the 
presence of AGD cases in Atlantic salmon and 
to describe its temporal and spatial distribution 
in all salmonid species farmed in Chile.

Material and methods
Sampling processing
Gill samples were collected from 304 Atlantic 
salmon (Salmo salar) from 52 seawater farms, 
142 rainbow trout (O. mykiss) from 19 seawater 
farms and 42 coho salmon (O. kisutch) from 
10 seawater farms. All farms were located in 
Los Lagos (  and Aysén 
Region (  in Chile. Fish 
that displayed signs of lethargy, respiratory 
stress or surface swimming were targeted for 
sampling over a 146 week period between May 
2007 and February 2010 -
sied and the clinical signs and gross pathology 
were noted. 

PCR of N. perurans from salmonids farm 
samples
The 304 specimens of Atlantic salmon were 
analysed in 182 pool by PCR, 141 individually 

pool

trout and coho salmon were individually ana-
lysed. Genomic DNA (20 ng) from gill tissue 
was extracted using Tissue DNA Kit (Omega-
Biotek, USA) according to the manufacturer’s 
instructions. Oligonucleotides targeting suit-
able regions of the N. perurans 18S rRNA gene 
and PCR cycle previously described were used 
(Rozas et al. 2011a). 

in Atlantic salmon
The risks of the presence of AGD cases accord-
ing to the geographic region, season of the year 
and mean weight were assessed. The McNemar 

-
cant level of dichotomous independent variables 

. Odd 

association of risk factors to AGD cases were 
calculated. Computations were performed using 

.

cases in salmonid species
A monthly-based epidemic curve was created 
based on the number of reported AGD cases 

N. perurans between May 
2007 and February 2010 (33 months). Cases 

Organization for Animal Health (OIE, 2011) 
was used to design an infected aquatic animal 
with or without clinical disease. For descriptive 
analyses, we followed the geographic division of 
the 58 zones into Los Lagos and Aysén regions 
established by the Rs. No.450 from National 
Fisheries and Aquaculture Service (Sernapesca, 

Visu-
alization of point locations of all the salmon 
farms was achieved using ArcView GIS Version 
9.3 for Windows. 

Results

Employing the N. perurans
PCR, similar sized PCR amplicons were gener-
ated from all gill tissue samples from farms of 
the expected size (462 pb). The AGD prevalence 
in Atlantic salmon at farm and pool level was 
55.8% (29/52) and 57.7% (105/182), respectively. 
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In rainbow trout, the AGD prevalence at farm 

(82/142), respectively. Finally, the AGD preva-

90.9% (10/11) and 83.3% (35/42), respectively.

cases in salmonid species
The temporal distribution of AGD cases in At-
lantic salmon was observed between May 2007 
and June 2008 during summer and autumn 
season (Figure 1). AGD cases in rainbow trout 
and coho salmon were observed between April 
2009 and February 2010 particularly in autumn 
and winter seasons (Figure 1). The spatial distri-
bution of AGD cases independent of salmonid 
specie was observed in neighborhoods 10a, 11 
and 16 (Figure 2). The 65.4% (34/52) and 34.6% 
(18/52) of the Atlantic salmon farms analysed 
was located in Los Lagos and Aysén Regions, 
respectively. The prevalence of N. perurans in 

Los Lagos and Aysén Regions was 67.6% (23/34) 
and 33.3% (6/18), respectively. 

The 94.7% (18/19) and 5.3% (1/19), of the rainbow 
trout analysed was located in Los Lagos and 
Aysén Regions, respectively. The prevalence 
of N. perurans in rainbow trout farmed in Los 
Lagos Region was 66.7% (12/18), practically 
the only farm analysed from the Aysén Region 
that was negative. The 90.9% (10/11) and 9.1% 
(1/11) of the coho salmon analysed was located 
in Los Lagos and Aysén Regions, respectively. 
The prevalence of N. perurans in coho salmon 
farmed in Los Lagos Region was 90.0% (9/10), 
practically the only farm analysed from the 
Aysén Region that was positive. 

salmon

of 606.9 g (>300 g ), almost all of the negative 

Figure 1. Epidemic curve based on the number of monthly AGD cases N. perurans 
between May 2007 and February 2010 considering all salmonid species reared in Chile. 
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Figure 2.
in neighbourhoods established by Sernapesca in the Los Lagos and Aysén regions.
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group showed a mean weight of 378.1 g. The 
mean weight between positive and negative 

The mean weight >300 g was shown to be sig-

salmon (p= 0.0000) (Table 1). If the sea farm had 
Atlantic salmon with a mean weight higher than 
300 g, the crude odds of N. perurans infection 

(95% IC: 2.45 to 
5.55) as compared to the risk if the mean weight 
was less than 300 g. The mean weight of positive 

coho salmon, respectively. 

The season of the year was shown to be sig-
-

tic salmon (p= 0.0031) (Table 2). The risk for 
infection was 6.2 (95% IC: 1.76 to 22.18) times 

greater when the Atlantic salmon was cultured 
during summer-autumn season as compared 
with another season. Finally, the location of sea 

the risk of AGD in Atlantic salmon (p= 0,0178) 
(Table 3). The odds ratio for infection was 4.2 
(95% IC: 1.24 to 14.09) when the farm was 
located in Los Lagos Region as compared to 
farms located in the Aysén Region.

Discussion

temperature as the major environmental factors 
associated with AGD outbreaks (Rodger and 
McArdle, 1996; Mitchell and Rodger, 2011). 
However, the seawater temperatures did not 
seem to be related to the risk of AGD cases 
in Chile (Bustos et al., 2011), as previously 

Table 2. 

Season
AGD

Total
Positive Negative

Summer-Autumn 24 10 34

Winter-Spring 5 13 18

Total 29 23 52

X2

Table 1. 
according to mean weight.

AGD
Total

Positive Negative
>300 111 75 186

67 167 234

Total 178 242 420

X2
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described by Douglas-Helders et al. (2001). 
In Chile, the mean rainfall between August 
2006 and April 2008 was less than the histori-
cal average for the last 30 years in Los Lagos 

estuaries (Bustos et al., 2011; Rozas, 2011b), as 
also described previously (Clark and Nowak, 
1999; Rozas and Asencio, 2007). 

As well as these primary risk factors, other 

AGD development including host health status, 
husbandry factors, maturation and the pres-

Helders et al., 2005). AGD present less clinical 

but occasionally can cause substantial morbidity 
or mortality, especially when associated with 
pre-existing disease or unusual environmental 
conditions (Mitchell and Rodger, 2011). 

In Chile, the epidemic curve of AGD in Atlantic 
salmon was shown in summer and autumn 
season, as previously described in Tasmania and 
other countries (Douglas-Helders et al., 2003). 

described by Clark and Nowak (1999). Douglas-
Helders et al. (2003) have described a positive 

correlation between temperature and amoebae 

higher in summer at 5.5 m depth. This situation 
may explain the higher risk of AGD cases in 
summer and autumn season in Chile. 

The unfavourable environmental conditions for 
amoebae and the reduction of Atlantic salmon 
biomass reared in Chile closely related with ISA 
crisis (Rozas, 2011b), could have considerably 
increased the infection pressure of N. perurans 
to rainbow trout and coho salmon, as described 
previously (Kent et al., 1988; Munday et al., 
1990). However, the AGD cases in rainbow trout 
and coho salmon later on in autumn and winter 
may be closely related with the productive sea-
water cycle for these salmonid species in Chile.

The higher prevalence of AGD in Los Lagos 
Region was probably related to the highest At-
lantic salmon biomass cultured in Chiloe Island 
area (Sernapesca, 2009). Munday et al. (2001) 
showed that the high biomass increases the risk 
to AGD cases. In addition, the geographical 
positioning of an aquaculture facility in areas 
with either high or low salinity is likely to deter-
mine the survival of Neoparamoeba species and 
the incidence of AGD (Douglas-Helders et al., 
2005). The average weight >300 g was shown to 
be related to the risk of AGD cases in Atlantic 

Table 3. 

Geographical 
region

AGD
Total

Positive Negative
Los Lagos 23 11 34
Aysén 6 12 18
Total 29 23 52

X2



Bull. Eur. Ass. Fish Pathol., 32(5) 2012, 187

salmon farmed in Chile. Foster and Percival 
(1988) have described a positive correlation 
between the weight of Atlantic salmon post-

-
tion mortality can reach 2-4% per week. 

The temporal and spatial distribution of AGD 
cases may be closely related with the ubiquity 
nature of N. perurans, low rainfall and high 
salinity (Bustos et al., 2011; Rozas, 2011b). The 
PCR assay has been a good test to assess the 
epidemiology of N. perurans in Chilean salmon 
industry.

We thank Barbara Nowak (University of Tas-
mania, Australia) for her valuable contribution 
to the diagnosis of AGD in Chile.
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