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Amoebic Gill Disease 

• Caused by N. perurans • Gross AGD lesions 

IMAS University of Tasmania 



Amoebic Gill Disease 

Case definition based 
on histology: 

 Presence of 
hyperplastic lesions 
and associated 
neoparamoebae 

 

 

 



N. perurans 

Environment 
(salinity, t) 

Atlantic salmon 



AGD – current world distribution 



Significance of N.perurans 
concentrations in water 
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Concentrations of N. perurans in water 

Farm 

• Measured using PCR on 
farms affected by AGD in 
Tasmania and Scotland 

• Low - often 1 amoeba/L 

 

Experimental challenge 

• Counted or measured using 
PCR in water in the 
experimental system 

• Usually 500 amoebae/L or 
higher 

IMAS University of Tasmania 



Severity of AGD increases proportionally to the 
number of amoebae present in water in a 14 days 

challenge (Morrison et al 2004) 

Fish inoculated with 10 cells/L 



Exposure to low concentrations 

• 0.1, 1.0 and 10 amoeba/L 

• 60 days challenge 

• 15°C, 35 ppt salinity, pH of 8.0 

IMAS University of Tasmania 



Low concentrations of N. perurans 
cause AGD 

• Experimental exposure of Atlantic salmon to 0.1 
cell L-1 of Neoparamoeba perurans resulted in 
AGD (all fish +ve)  

• No relationship between the exposure 
concentration of N. perurans (0.1 cell L-1 – 10 cell 
L-1) and severity of lesions at 60 days post-
infection 

• Percentage of filaments affected P=0.2142 (range 
8.1% - 98.5%) 

• Size of lesions P=0.5379 (range 2-74 ILU within 
one individual)  
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Low concentrations of N. perurans 
cause AGD - implications 

 

• Concentrations in water most likely irrelevant 

• Previous experimental challenges most likely 
unrealistic 

• Potential for previously unsuccessful 
mitigation methods to work at lower N. 
perurans concentrations  
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Experimental evidence for loss of 
virulence in culture 

IMAS University of Tasmania 



Koch’s postulates fulfilled for N. perurans 
as an aetiological agent of AGD 

Non-cultured gill derived amoebae 
(primary isolates) 

A 

C 

B 

D MYA 

D 

marine yeast agar 

Clonal culture 

D 

N. perurans 

 

Clonal culture (clone 4) infectious after 70 days  

(Crosbie et al 2012)  

 



N. perurans – loss of virulence in culture 

Non-cultured gill derived amoebae 
(primary isolates) 

A 

C 

B 

D MYA 

D 

marine yeast agar 

Clonal culture 

D 

N. perurans 

 

Clonal culture (clone 4) non infectious after 1095 days 

– 200 passages (Bridle et al submitted)  

 



Loss of virulence in culture 

• Neoparamoeba perurans clone 4 non virulent 
after 3 years in culture 

• Neoparamoeba perurans unable to cause AGD 
after 3 years in culture 

• Two potential virulence factors/mechanisms 
proposed for Neoparamoeba perurans 

– ECP 

– attachment 
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Loss of virulence in culture 

• Variability for time to the loss of virulence 
between clones and isolates? 

• Potential for the restoration of virulence? 
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PhD projects progress 
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N. perurans – culture and virulence 
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Immune response 
Reinfection study 

 

Investigate the Atlantic salmon immune 
response to N. perurans following 

reinfections 

 

 TCR-α 
chain 

CD8 

MHC-
I 

MHC-
IIα 

IgM 

IgT 

CD4 IL-1β 



Immune response 
Reinfection study 

Control Reinfected Naïve 

X 4 exposures 1 exposure 

4 FW baths 4 FW baths No FW bath 

3 gill scores 3 gill scores 1 gill score 

The University of Tasmania, Australia, approved the use of all fish used in this trial. 

1st gill score 2nd gill score 3rd gill score

30-Aug 26-Sep 27-Sep 14-23-Oct 25-Oct 17-Nov 21-Dec 14-Jan

accl imation 1st exposure FW bath 2nd exposure gi l l s  checked 3rd exposure FW bath 4th exposure final  sampl ing

(194 cel ls/L) (158 cel ls/L) 2x FW bath (1000 cel ls/L) (475 cel ls/L) AGD+ and control

naïve fi sh as  above naïve final  sampl ing

added to inf. 1th naïve gill score

tank

naïve final sampling 



Immune response 
Reinfection study 

• 5 categories (7 fish 
each): 

– Control 

– Clear (last score) 

– Light (all scores) 

– Moderate (all scores) 

– Naïve moderate 

 

• Scoring system 

IMAS University of Tasmania 

Infection 
level 

Gross pathology 

Clear no lesions observed 

Light 
less than 50% hemibranchs 

affected by lesions 

Moderate 
more than 50% hemibranchs 

affected by lesions with limited 

coverage 

Heavy 
almost 100% hemibranchs 

affected by lesions with 

substantial coverage  



Lesions severity Clinical AGD severity  

Clear Light Moderate 

Naïve 

moderate 

% filaments with hyperplastic lesions 

% filaments with lesions colonised by 

amoebae 

% lesions colonised with amoebae 

Mean lesion size (ILUs) 

35.9 

2.4 

 

5.7 

7.5 ± 

3.7 

36.6 

15 

 

40.9 

13.3 ± 

3.2 

39.5 

13.7 

 

36.8 

17.4 ± 

3.7 

35.7 

14.1 

 

44.3 

21 ± 8.3 



 

 

 

 

 

 

No effect of reinfection on size 
of interbranchial lymphoid 

tissue   
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Treatments 
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Isopod  
Ceratothoa banksii 

 

 



Ceratothoa banksii not a significant 
reservoir of N.perurans 

(Gonzales et al in prep.) 

• No relationship between N. 
perurans on gills and on/in 
isopod 

• Very low levels of N. perurans 
on/in isopod 

• No infection with the isopod 
unless fish not bathed for long 
time 
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Current AGD research  
• Challenge dynamics 
• Treatments  
• Immune response 
• Clone 4 – characterisation and virulence  
• Culture methods 
• AGD/DO interactions 
• Management through behaviour 

manipulation 
 
 

 



2015 EAFP conference  
 
 • AGD workshop  

Hamish Rodger and Barbara Nowak 

• Fish Histopathology workshop  
     David Bruno, Diane Elliott, Barbara Nowak, Patricia Noguera, 

Stephen Feist 

IMAS University of Tasmania 



http://www.eafp2015.es/welcome.html 

http://eafp.org/students-awards/ 

deadline for students awards: 30th April 2015 


