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President’s Reflections

Marianne Pearson
Landcatch Ltd.,Ormsary Estate Office, by Lochgilphead, Argyll PA31 
8JH, Scotland

“Help, I don’t know what to do,” were the words that sprang to mind when I 
was asked to write this annual president’s address. Nearly six weeks later I’m 
scrabbling around trying to think up pithy, insight filled comments and have 
come to the conclusion that, “Help, I don’t know what to do,” is actually a 
good phrase to sum up my year as President.

As a member who attended one or two meetings a year, I had no idea how 
much work was involved behind the scenes at the FVS. I am now in awe of 
those on the committee who are prepared to give their time, year after year, to 
make sure the society runs smoothly and who have been extremely helpful and 
patient with their novice president. In particular, I would like to acknowledge 
the work of our honorary secretary, Fiona MacDonald, whose tireless efforts 
guarantee the success of the society’s twice yearly scientific meetings. 

The 2007 meetings were an excellent illustration of Fiona’s hard work and 
organisation. The spring scientific meeting was held for the first time at the 
Royal (Dick) School of Veterinary Studies Easter Bush Field Station which 
proved a popular venue. The presentations covered a wide range of topics 
from diagnosis and control of fish viral pathogens to epidemiological prin-
ciples and risk assessment. In the autumn, the society left the UK mainland 
to hold their scientific meeting in Belfast. The presentations reflected major 
concerns of fish vets throughout the British Isles with valuable reviews on 
control of sea lice, alternative strategies to minimise stress in fish and the 
current status of pancreas disease in farmed Atlantic salmon.

The proceedings from these meetings will be published in the FVS journal. 
David Sutherland, who has for many years produced the useful society news-
letter, has added to his workload by taking on the tough task of organising 
the FVS journal. I can testify to his good-natured efficiency and persistence 
in chasing up shamelessly late contributors to the journal.

Other members of the FVS have been active throughout 2007, sitting on the 
Aquatic Animal Health Joint Working Group, the Committee on Aquaculture 
Health, the Fish Welfare Group, attending VMD and VPC open meetings and 
contributing to consultation groups on UK and EU legislation. 
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The FVS has worked closely with government through these consultation 
groups to develop practical controls for Koi Herpes Virus (KHV). In April 
2007 legislation was introduced making KHV a notifiable disease in England 
and Wales. 

FVS members are currently representing the veterinary viewpoint during 
consultations on the implementation of the EU Aquatic Animal Health 
Directive. The aim of this directive is to prevent or control disease in aquatic 
animals across the community. This will result in significant changes to 
aquatic animal disease surveillance and inspection. It is therefore vital that 
fish veterinarians have a major input in developing the UK specific regula-
tions.

Looking further a field, Chris Walster, the FVS honorary secretary, honed his 
skills at extracting membership fees and extended this expertise to become 
secretary of the new World Aquatic Veterinary Medical Association. This 
global aquatic vet association aims to promote communication and exchange 
of ideas between aquatic medicine practitioners around the world. 

The launch of this new society comes at a time when we are seeing paral-
lels between the problems facing fish health professionals in many different 
countries. Control of sea lice is a difficult challenge for aquaculture vets 
in countries as far apart as Chile in the Southern hemisphere and Scotland, 
Ireland and Norway in the North. Severe gill pathology is an increasingly 
familiar finding in the summer on Scottish salmon farms, reflecting experi-
ences in the Tasmanian industry on the other side of the globe. ISA, which 
had devastating consequences to the Scottish salmon farming industry ten 
years ago, was identified in Chilean salmon mortalities in 2007. The prob-
lems facing fish farmers there mirror the Scottish experiences. There can 
be no better examples of the need for aquatic animal health professionals 
worldwide to share their experience and knowledge.

The FVS aims to provide just such a forum for discussion to support those 
working in fish health and welfare, through the web site, meetings and mail-
ing list. The next time I am tempted to sit down and think “Help I don’t 
know” I will remind myself that I have the expertise of the FVS to call on 
and through them an international network of fish health specialists.
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Editor’s Comments

David Sutherland
Westside Veterinary Surgery, Bixter, Shetland ZE2 9NA

It was with some trepidation that I took over the editorship of this august 
journal from the previous editor, John McArdle. Hamish rang me up, and I 
spoke to Pete Southgate, who was to work alongside as sub-editor. He finally 
said “Oh go on then, give it a go!” So we did.

More conversations with John McArdle and publisher Mike Williams of 
Akalat ensued. I requested the people who had spoken at our last two meet-
ings to submit papers based on their talks. My first deadline proved hope-
lessly optimistic, but eventually I managed to persuade people to find time 
out of their real jobs to complete their papers, to which I am grateful as there 
would be no journal otherwise.

This year, our meetings were in Edinburgh, at the “Dick Vet” Field Station, 
and at Stormont at Belfast. Edinburgh was well attended, and a range of 
topics were discussed, including new EU legislation, biosecurity and disease 
topics. Belfast was not as well attended, but was enjoyable for all that, and a 
range of topics were discussed here. Thanks go to Ronnie Souter of the Dick 
Vet and AFBI staff for acting as hosts. 

This issue reflects the range of topics the Society covers. Legislation, import 
risk analysis, biosecurity, as well as a review of KHV, diseases of perch, 
rickettsia in salmon, and the use of pancreatic enzymes in treatment of PD, 
are discussed. 

Legislation is always changing in our field. New species are being farmed – 
cod production has increased greatly recently in Norway and Shetland, and 
halibut, sea trout and Rainbow trout are grown here.The days are gone when 
“fish farming” and “salmon farming” were more or less interchangeable, and 
fish vets have had to adapt. New diseases are appearing, or existing problems 
change their nature. This should not be surprising, as our industry is com-
paratively new. Global warming will no doubt bring more problems for us, 
such as more of the jellyfish plague which affected the farm in Ireland. Lice 
is still the bug-bear of the salmon industry, and lack of treatments are still a 
problem. There is never a dull moment in our field! 
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A major new development in our world has been the formation of WAVMA, 
in which our Chris Walster and Hamish Rodger play an important part. 
Personally, I was surprised by their claim that there are 7500 aquatic vets 
plus in the world, so we are not as small a band as we may have thought.

We would like to thank the people would submitted papers and other contri-
butions, people who acted as referees for the papers, as well as sponsors and 
advertisers whose contributions helped with the finance. Finally, a mention 
should go to Mike Williams of Akalat for his help and patience.

I remember speaking to fish farmer once, and I mentioned that I would 
be going away for a meeting. “Will it be any better sense than any of the 
other meetings?” he asked. I explained that it was a regular meeting of Fish 
Veterinary Society. “Oh well”, he said “at least you will have plenty of sto-
ries to tell!” So, here are some of these stories. We hope you find them useful 
and interesting.

David Sutherland 
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An atypical Piscirickettsia	salmonis infection in 
farmed Atlantic salmon Salmo	salar in Scotland

J.W. Treasurer1*, A.L. Laidler2 and M.F. McLoughlin3

1 Ardtoe Marine Laboratory, Acharacle, Argyll , UK
2 Marine Harvest, Lochailort, Inverness-shire, UK
3 Aquatic Veterinary Services, 35 Cherryvalley Park, Belfast, N. Ireland

Abstract

The	course	of	infection	of	farmed	Atlantic	salmon	in	Scotland	with	rickett-
sia-like	organisms	was	examined,	pathologies	assessed,	and	a	 therapeutic	
regimen	 applied.	 Mortalities	 were	 low	 and	 increased	 from	 October	 to	
c.100	per	pen	per	week.	Externally	the	appearance	of	the	fish	was	normal	
but	 internally	 infected	fish	displayed	circular	 lesions	on	the	liver,	haemor-
rhaging	of	organs,	and	blood	spotting	in	the	skeletal	muscle.	Diagnosis	of	
Piscirickettsia	 salmonis	 was	 confirmed	 from	Giemsa,	Macchiaveilli’s	 and	
Gram	stain	especially	 in	 the	 liver,	 IFAT	which	showed	 fluorescing	cells	 in	
the	liver,	and	from	identification	in	cell	culture	of	spleen	and	liver.	The	blood	
chemistry	parameters	were	within	the	normal	range	for	salmon.

Introduction

Infection by Piscirickettsia	 salmonis has been reported as a major disease 
problem of farmed salmonids in Chile (Branson & Nieto Daiz-Muoz 1991; 
Cvitanich et	al. 1991) and has affected salmonids in Canada (Brocklebank et	
al. 1992) and Norway (Olsen et	al. 1997). Symptoms were mottling on livers 
and histopathology showed infected cells in most tissues including the liver, 
kidney and heart (Branson et	al. 1991; Cvitanich et	al. 1991). Rickettsia-like 
organisms (RLO’s) have also been detected in Atlantic salmon Salmo	salar 
in Ireland, although there were few mortalities recorded in those infections 
(Rodger & Drinan 1993). The affected fish were dark and lethargic, and 
internally there was congestion of the internal organs and musculature, 
and particularly distinctive yellow lesions on the liver. Grant et	al. (1996) 
reported a rickettsia-like organism had occurred in salmon in Scotland and 
Jones (1993) suggested that rickettsia infection could be a growing problem 
in Scotland. Birrell et	 al. 2003 confirmed for the first time the presence 
of Piscirickettsia	 salmonis in farmed Scottish salmon by tissue pathol-
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ogy, ELISA (Enzyme Linked Immunoassay) and PCR (Polymerase Chain 
Reaction). However,little detail has been reported on the course of infection 
and treatment of rickettsia-like organisms (RLO) in Scotland and this study 
examines the internal and external pathology in Scottish farmed Atlantic 
salmon, and describes a successful therapeutic strategy.

Materials and Methods

Farm observations
The sampled fish were from a cage containing 6404 one sea winter salmon 
of 4.5 kg mean weight stocked on a farm in western Scotland containing a 
total farm population of 72,000 fish. Moribund fish and fresh mortalities were 
recovered from the affected pen from the mortality collection socks on 30th 
September, 1st and 5th October from this pen and from all 18 pens on the farm. 
The pens were subsequently checked visually daily for a period of 12 weeks, 
mortalities removed twice each week and weekly combined figures compared 
with mortality numbers and cause of losses in the previous 12 week period. 

Sampling
Fish behaviour was observed and moribund (n=25) and fresh mortalities 
(only one fish) were examined for internal and external symptoms. Tissue 
samples from all organs and muscle were fixed in 10% Neutral Buffered 
Formalin (NBF), paraffin embedded according to standard protocols. 
Sections were cut at 5 um and stained with haematoxylin and eosin, Giemsa 
and Macchiaveilli’s stains. Liver and spleen samples were taken for indirect 
fluorescence antibody techniques (IFAT) and cell culture by aseptically 
removing tissue and transporting to the laboratory in sterile universal con-
tainers. Kidney samples were taken with transport swabs with agar media. 
Blood was removed from the caudal fin and decanted to heparinised contain-
ers for analysis by Vet test analyser and main blood enzymes measured. 

Results

Mortalities and clinical signs
Increasing mortalities were recorded from only one pen of immature fish, on 
the farm, on 25 September (Fig. 1). The number of mortalities increased to 122 
fish out of the 6404 stock in the week commencing 1st October, and remained 
at around 100 per week for the next 2 weeks and then declined following medi-
cation of feed with oxytetracycline, which was fed as 0.5% of body weight per 
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day for 10 days, fed twice each day. Some mortalities occurred for a further 5 
weeks until December. Water temperature declined during this period from 14 
to 9oC. There was no sign of moribund or lethargic fish in the pen, no indica-
tion of fish showing abnormal or erratic swimming behaviour and no faecal 
casts were seen on the netting. The external appearance of infected fish includ-
ing colour was normal and there were no signs of ascites. Internally small 
distinct circular lesions were present on the liver and there was haemorrhaging 
of all internal organs including the pyloric caecae, gut and kidney. The spleens 
were enlarged and there was blood spotting in the skeletal muscle. No food 
was present in the gut of the sampled moribund fish. Fish appetence was good 
and the mortalities began to decline immediately medicated feed was intro-
duced, although losses continued at low levels until December. No losses due 
to rickettsia were noted in any of the other pens where mortality was minimal 
and mainly due to seal damage.

Microbiology
There was no bacterial growth from bacteriological inocula taken with trans-
fer swabs. Therefore samples of kidney and liver were taken dry and trans-
ferred to universal containers. Gram stain tissue smears from these samples 
showed spherical bodies consistent with rickettsia-like organisms, especially 
from the liver. The IFAT test revealed large numbers of fluorescing cells and 
spherical bodies were again seen, especially in the liver. From cell culture of 
liver and spleen Piscirickettsia	salmonis was positively identified using IFAT.

Blood chemistry
 Blood chemistry values were mainly within the normal range with low cre-
atinine and lipase and higher than average urea. Mean values (range) were 
albumin 16.8 g l-1 (14–20), total protein 46.3 g l-1 (39–62), globulin 29 g l-1 
(23–41), alkaline phosphatase 185 iu (90–337), alanine aminotransferase 
11.5 iu (10–16), amylase 254 iu (70–490), aspartate aminotransferase 434 
iu (n=1 only), creatinine 8.3 umol l-1 (6–10), lipase 37.5 iu (4–78), and urea 
1.17 m mol l-1 (1.1.4–1.18).

Histopathology 
There was mild focal branchitis in gill tissue of some fish with invasion of 
inflammatory cells into the interstitial space with rickettsial cells present within 
these cells. Vaccine reactions were observed on the pancreas and gut of all fish 
sampled. In one fish there were numerous macrophages and inflammatory cells 
in the lamina propria of the gut and many intracellular rickettsia like organisms 

An	atypical	Piscirickettsia	salmonis	infection	in	farmed	Atlantic	salmon	Salmo	
salar	in	Scotland
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were noted in this lesion. There was severe diffuse myocarditis and giant cell 
invasion of the heart muscle. There was little damage seen in the kidney but, 
in two fish, multiple small and large granulomata were present. Rickettsia-like 
organisms were detected using Giemsa and Macchiavelli’s stains in the epicar-
dium (Fig. 2), kidney (Fig. 3) and liver (Fig. 4). In a fish sampled later, on 5th 
October, a large necrotic area was present on the gill lamellae with large num-
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Fig. 1. Mortalities attributed to Piscirickettsia infection and water temperature.

Fig. 2. Rickettsia-like organisms (arrow) in the epicardium of an affected fish 
(Macchiaveilli stain), x 400. 
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An	atypical	Piscirickettsia	salmonis	infection	in	farmed	Atlantic	salmon	Salmo	
salar	in	Scotland

Fig. 3. Rickettsia-like organisms (arrow),in the kidney of an affected fish (Macchiaveilli 
stain), x 400.

Fig. 4. Liver with focal necrosis and widespread invasion of polymorphonuclear cells 
with rickettsia-like organisms (Macchiaveilli stain), x400.
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bers of intracellular spherical organisms. Diffuse necrotic changes were present 
within gut epithelial cells with small numbers of intracellular organisms. Severe 
necrotic and inflammatory changes were present in the liver with giant cells and 
intracellular bacteria. There was focal necrosis of haematopoietic tissue in the 
kidney and giant cells were present. There was severe focal cardiomyopathy 
with large numbers of intracellular organisms within endocardial macrophages. 

Discussion

The diagnosis of Piscirickettsia	salmonis in salmon in Scotland was confirmed 
from the clinical signs, histopathology, IFAT and cell culture. Symptoms were 
similar to those identified in farmed Atlantic salmon in Ireland (Rodger & Drinan 
1993) and Norway (Olsen et	al. 1997) with distinct circular lesions of the liver 
and haemorrhaging of the musculature and pathology of the liver and heart. Two 
main symptoms reported from Chile were uneven and mottled colouration of 
the skin and unusual uncontrolled swimming behaviour (Cvitanich et	al. 1991) 
but this behaviour was not seen in the present study where fish showed normal 
shoaling behaviour. Gut lesions have been reported in Chile associated with 
RLO’s (Branson & Nieto Daiz-Muoz 1991) but not previously seen in European 
farmed salmon. In Scotland, as in Norway (Olsen et	 al. 1997) and Ireland 
(Rodger & Drinan 1993), the number of mortalities was minimal. Treatment of 
active cases of Piscirickettsia	salmonis with a number of antimicrobial drugs has 
been reported from Chile (Branson & Nieto Daiz-Muoz 1991; Cvitanich et	al. 
1991; Smith et	al. 1996) but not previously documented in Scotland. Mortality 
declined immediately upon administration of a therapeutic dose of oxytetracy-
cline. Some low level mortalities did continue which may be due to the difficulty 
in killing an intracellular organism. Only one of 24 cages on the farm was affect-
ed to any extent with just 2 and 3 positively identified mortalities respectively 
in two other pens indicating a low level infection with insignificant horizontal 
spread. The outbreak was diagnosed in October and no further cases or episodes 
were detected at the farm. In contrast, Grant et	al. (1996) noted mortalities in 
several thousand salmon in two farms in a Scottish sea loch and in this case the 
infection was associated with neurological signs. The source of the infection and 
trigger factors were unknown and continued vigilance will be required in health 
screening to determine the true incidence and impact of this disease in Scotland.
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Abstract

The	farming	of	perch	(Perca	fluviatilis	and	Perca	flavescens)	is	developing	
in	both	Europe	and	North	America	and	 the	main	diseases	associated	with	
these	 species	 include	 the	 perch	 fry	 rhabdovirus	 (PFRv),	 Flavobacterium	
psychrophilum,	Aeromonas	 sobria,	 epitheliocystis	and	protozoan	parasites	
including	costia	and	myxosporideans	such	as	Myxobolus	neurophilus.

Introduction

The farming of perch (Perca	fluviatilis and Perca	flavescens) is developing 
in both Europe and North America and as the aquaculture of these species 
develops so too are some of their health challenges including infectious 
(viral, bacterial, parasitic and fungal) and non-infectious (genetic, congeni-
tal, environmental, nutritional) diseases (Kestemont & Mélard 2000). Some 
disease conditions have been associated only with wild perch, such as epiz-
ootic haematopoietic necrosis (EHN) (Whittington et	al. 1999), however, it 
is to be expected that as aquaculture of these fish increases, some of these 
disease conditions from wild fish will be observed in the farmed sector. 
Those diseases reported, or observed by the authors, in farmed perch, and 
of note in wild perch, are considered in this publication and treatments or 
strategies for control discussed. In this article where perch are mentioned this 
means P.	fluviatilis or the Eurasian perch, unless stated otherwise.

Viral diseases

Epizootic haematopoietic necrosis (EHN) virus causes mortalities in wild 
perch in Australia and has also been encountered in trout farms, however, 
this Ranavirus has never been reported in Europe, although closely related 
viruses affect catfish and sheatfish in France and Germany. Clinical signs 
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in perch include lethargy, sometimes with spiral swimming and hundreds 
of fish headstanding on the bottom of affected waterways (Langdon & 
Humphrey 1987). No vaccine is available and as with other viral diseases in 
fish there are no medical treatments.

Perch fry rhabdovirus (PFRv) has been recorded in wild and farmed perch 
throughout Northern Europe (Dannevig et	al. 2001, Olesen et	al. 2005) and 
can cause high mortalities in juvenile perch. Clinical signs of the disease 
in farmed perch in Ireland include abnormal swimming, congestion at fin 
bases, ascites and scale extension (Figure 1). Histopathology associated 
with this virus includes multifocal necrosis in the haematopoietic tissue in 
the kidney and spleen, scattered necrotic hepatocytes, necrosis in the lamina 
propria in the intestine, endocardial cell proliferation and congestion in the 
meninges. Careful disinfection of egg strings helps prevent apparent vertical 
transmission of this virus.

Walleye dermal sarcoma virus (WDSV) has been associated with fibrosa-
rcoma in one captive yellow perch, P.	 flavescens, in aquaria in New York 

H.	D.	Rodger	&	A.	Girons

FIG 1: Juvenile perch affected affected by PFRv exhibiting congestion at the bases of 
the pectoral fins as well as some scale extension in the lower fish.
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State, however, it remains to be established if the virus was the aetiological 
agent of the tumour (Bowser et	al. 2005).

Bacterial diseases

Flavobacterium	psychrophilum, the causal agent of rainbow trout fry syn-
drome (RTFS) and cold water disease in salmonids is also encountered in 
perch farming where it can give rise to elevated mortalities and can present 
in juvenile fish as a dissolving or necrotic jaw syndrome (mouth rot) (Figure 
2) or in some cases as a systemic disease. Improved environmental condi-
tions and treatment with oral broad spectrum antibiotics are usually success-
ful in controlling this condition. The bacterium has also been detected in 
otherwise healthy wild perch (Madetoja et	al. 2002).

Aeromonas sp. have been isolated from wild and farmed perch and include 
Aeromonas	hydrophila, which was implicated in the dramatic perch kills in 
Lake Windermere, England in the 1970s (Bucke et	al. 1979) and A.	salmo-
nicida, which is more commonly associated with furunculosis of salmonids 
(McCarthy 1975). A.	sobria has been demonstrated as a significant patho-
gen for net pen farmed perch during winter months in Switzerland where 
it resulted in mortalities of 1% total farm stock per day at the peak of the 
outbreaks (Wahli et	al. 2005). In addition to Aeromonas	sp., Grignard et	al. 

Diseases	and	health	management	in	perch	farming

FIG 2: Juvenile perch infected with Flavobacterium psychrophilum exhibiting necrosis 
of the mandible and perforation of the adjacent epithelial and dermal layers.
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(1996) also reports that amongst others Streptococcus sp. have also been 
associated with farmed perch. Wild perch in Finland have been reported to 
carry Yersinia	 ruckeri, the causal agent of enteric redmouth disease, how-
ever, no clinical disease with this bacteria has been reported in farmed fish 
(Tellervo Valtonen et	al. 1992).

In comparison to some other farmed fish species, perch appear vulnerable to 
skin and tail damage and if the mucus layer is removed, they are then very 
susceptible to secondary bacterial (and fungal) infections. In the farming of 
perch there is a requirement for frequent grading to prevent cannibalism and 
the physical stresses this imposes on the fish mean that great care must be 
taken during these procedures. 

Epitheliocystis, caused by a chlamydia-like organism, has been observed 
by the authors in juvenile farmed perch in Ireland and also in farmed P.	
flavescens in Pennsylvania, USA (Figure 3) and in both cases was associated 
with gill hyperplasia, respiratory distress and elevated mortalities. Due to the 
intracellular nature of this organism antibiotic treatment can be of limited 
benefit, however, oral oxytetracycline (Maracycline, Univet Ltd.) at 75mg/kg 
body weight/day for 10 days has been used with success in some outbreaks.

Parasitic diseases

Many of the common protozoan ectoparasitic diseases of fish are seen on 
juvenile farmed perch skin and gills and these include Ichthyobodo necator 
(costia), which can cause high mortalities in perch fry, Trichodina spp. and 
Icthyophthirius	multifilius (white spot). These ectoparasites can be control-
led through the use of formalin baths or flushes and/or sodium chloride, 
although perch fry appear more vulnerable to formalin than salmonids and 
the dosages used may need to be 0.3 to 0.5 times the standard salmonid 
dose levels. Endoparasitic protozoans recorded in farmed perch include the 
myxosporidean Myxobolus	neurophilus which has been a particular problem 
for some yellow perch (P.	flavescens) farms. This parasite invades the cen-
tral nervous tissue and can cause nervous signs and high mortalities (Acland 
et	al. 2000). Post mortems of affected fish may reveal small white nodules 
(1-2mm) on the surface of the brain and Giemsa stained impression smears 
will reveal the characteristic spores (Figure 4). In the absence of any treat-
ment for this parasite, high levels of biosecurity and parasite screening of 
any incoming livestock will reduce the risk of infection entering a farm. In 
wild perch there are some other myxosporidean species that have been asso-

H.	D.	Rodger	&	A.	Girons
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FIG 3: Histopathological section of gills from Perca flavescens affected by epithelio-
cystis. Chlamydia-like organisms present as blue colonies in the gill epithelia, 
and there is associated hyperplasia (H & E x400).
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ciated with health problems and these include Henneguya	creplini reported 
to cause gill pathology in Finland (Haaparanta et	al. 1994), M.	sandrae asso-
ciated with skeletal deformities in Scotland (Lom et	al. 1991) and Triangula	
percae causing spinal curvatures in Australia (Langdon 1987). Coccidia such 
as Eimeria spp. have been observed in the intestines of farmed and wild 
perch, however, their clinical significance remains to be determined.

Although the monogeneans Gyrodactylus sp. and Dactylogyrus sp. have 
been observed in farmed perch, there have been no reports of these spe-
cies causing serious impacts on farmed perch. The digenean, Diplostomum 
spathaceum, which causes severe cataracts in farmed trout, has been 
observed in perch eyes (vitreous humour and lens), however, it has not been 
reported as a clinical problem for farmed perch. Crustacean parasites such 

H.	D.	Rodger	&	A.	Girons

FIG 4: Impression smear of brain nodules from P. flavescens showing Myxobolus neu-
rophilus spores (Giemsa x 1000).
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as Argulus sp., Ergasilus sp. and Achtheres sp. (Kempter et	al. 2006) have 
also been observed on wild fish but no clinical outbreaks in farmed fish have 
been recorded. The tapeworm, Triaenophorus	crassus, has been reported in 
farmed perch where it presented as white nodules in the liver (Wahli et	al. 
2005). There are many other parasites recorded in wild perch and these are 
comprehensively listed with references by Kestemont & Mélard (2000).

Fungal diseases

Saprolegniosis, caused by the ubiquitous fungus Saprolegnia	parasitica is 
frequently encountered in farmed perch, usually following some physical 
challenge to the fish or recent movement of livestock and can affect all ages 
of fish as well as eggs. Fungal hyphae rapidly develop in gills or skin and 
are often seen with concomitant ectoparasitic infections such as costia or 
Trichodina sp.. Repeated formalin or salt baths with frequent removal of any 
affected fish has proven effective in controlling this disease.

Non-infectious diseases

In perch fry production there are many non-infectious disease hurdles to 
successful aquaculture and these include failure to inflate the swim bladder, 
overinflation of the swim bladder and bacterial proliferation in the live feed 
which can give rise to bacterial enteritis and toxaemia. Use of water skim-
mers, careful control of water gas saturation levels and cleaning and high 
levels of hygiene in live feed production can all reduce the risk of these 
problems appearing, however, constant vigilance is required at the crucial 
early life stages. Fin erosion has been recorded in wild perch and has been 
associated with effluent from pulp mills (Lindesjöö & Thulin 1990), how-
ever, fin erosion is also observed in farmed perch but is usually considered 
secondary to physical challenges which then allows in opportunistic bacte-
rial and fungal infections.

Conclusion

At the time of writing there are no authorised medicines or vaccines for 
the treatment or prevention of infectious disease in farmed perch destined 
for food. Under the veterinary cascade mechanism there is a very limited 
availability of medicines licensed for other food fish species, and in Ireland 
this amounts to less than a handful of products. The emphasis in all farming 
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is towards prevention and management of the health challenges rather than 
“silver bullet” remedies and perch farming is no exception. Careful biosecu-
rity, egg disinfection, improved diagnostics and screening of stocks prior to 
movement will reduce the risks of pathogen spread and allow this aquacul-
ture sector to evolve in a sustainable and productive manner.
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EWOS FUNCTIONAL FEED PROGRAMME  

Feed functionality has emerged as an important concept in fish nutrition. The 
“functional” in “functional feeds” refers to those effects awarded by the feed 
in addition to the purely nutritional. Most commonly these include improved 
seawater adaptation and egg production, but also a strengthening of the fish’s 
immune status and general health.

Such functionality can be achieved through:
• A special balance of standard components
• Increasing levels of individual standard components
• Addition of natural components, not normally present in feeds, or 

through a combination of these approaches.

EWOS functional feeds, available on the UK market, include EWOS boost-
erfeed, EWOS prebiosal and EWOS PD diet.

EWOS boosterfeed comprises of a unique formula of highly refined and 
bioavailable nucleotides, nucleosides, RNA and nucleoside precursors. 
Nucleotides are the foundation of all cell replication processes and are essen-
tial for the structure and action of many other important bioactive molecules. 
EWOS boosterfeed has a number of positive benefits including improved 
cellular proliferation, nonspecific immune response, vaccination success, 
enhanced resistance against infectious disease and sea lice, improved 
osmoregulation and enhanced broodstock fecundity and egg quality. EWOS 
boosterfeed has also been shown to improved growth performance. 

EWOS prebiosal is a unique blend of prebiotics and synergistic ingredients 
that can be included in any EWOS diet. Prebiotics are naturally occurring 
bioactive carbohydrates which encourage the growth or activity of beneficial 
bacteria in the digestive tract. EWOS prebiosal has been shown to improve gut 
microflora and intestinal health and to enhance growth rates and lower FCR. 

EWOS PD diet combines feed formulation of highly digestible proteins and 
lipids and increased availability of nucleotides and bioactive carbohydrates. 
In combination with strict feed and health management, EWOS PD diet 
works by minimizing stress on the pancreas and digestive system, reduces 
damage to heart and skeletal muscle fibres and increases availability of vital 
micronutrients which aids tissue generation.

For more information please visit www.ewos.com or contact EWOS on 
+44 (0) 1506 633966.

 NEWS



21 Fish Veterinary Journal • Number 10 • 2008

New Fish Health Directive 
Council Directive 2006/88/EC of 24th October 2006
On animal health requirements for aquaculture ani-
mals and products thereof, and on the prevention and 
control of certain diseases of aquatic animals

A. J. Breed
Animal Health Department of Agriculture Fisheries and Forestry, 
Rose House, 51–59 Circular Road, Douglas, Isle of Man IM1 1AZ

Abstract

The	current	European	Community	fish	health	Directives	are	being	replaced	
by	a	 single	new	Directive	2006/88/EC	which	 is	due	 to	be	 implemented	by	
Member	States	on	the	1st	August	2008.	The	new	Directive	is	a	consolidation	
and	 updating	 of	 aquaculture	 health	 controls	 reflecting	 the	 expansion	 and	
diversification	that	has	occurred.	It	moves	towards	a	risk	based	approach	to	
controls	and	surveillance.	In	line	with	the	World	Trade	Organisation	(WTO)	
agreement	it	incorporates	the	Office	International	des	Epizooties	(OIE)	cri-
teria	for	the	listing	of	diseases.	Authorisation	of	aquaculture	businesses	is	a	
new	feature	as	is	a	mechanism	for	dealing	with	emerging	diseases.

European Community Legislation

In broad terms European Community (EU) animal health legislation is made 
up of three types of instrument. Regulations are made by the Commission or 
Council and have the force of law in Member States. Directives are made by 
the Council and although they place obligations on Member States they have 
to be enacted in National legislation to take effect. In many Directives there are 
provisions to make detailed rules for specific areas covered by that particular 
Directive such as disease status. These detailed rules are Commission Decisions.

Origin of Directive 2006/88/EC

The current EU fish health Directives date back to 1991 and were drafted 
for an aquaculture industry almost exclusively made up of salmon, trout and 
oysters. Although they have been amended numerous times the industry has 
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evolved and diversified to such an extent that it has become necessary to 
fundamentally change the Directives to bring them up to date with current 
aquaculture. The new Directive is intended to be more flexible so that it can 
accommodate the continuing developments and diversification of the industry.

The new Directive tidies up the present situation by consolidating three 
existing Directives: 91/67/EEC concerning the animal health conditions gov-
erning the placing on the market of aquaculture animals and products, 93/53/
EEC introducing minimum Community measures for the control of certain 
fish diseases and 95/70/EC introducing minimum Community measures for 
the control of certain diseases affecting bivalve molluscs and their numerous 
amendments. It also addresses some evolving issues including the growing 
call for free trade in world politics where barriers to trade are increasingly 
seen as unacceptable and health requirements should be seen only to be used 
for health.

The EU ratified the World Trade Organisation (WTO) agreement on the 
application of sanitary and phytosanitary measures. This refers to the 
standards set by the Office International des Epizooties (OIE) including the 
International Aquatic Animal Health Code and the Manual of diagnostic 
tests for aquatic animals. These standards had to be taken into account in the 
drafting of the new Directive.

Scope of Directive

The Directive covers aquaculture animals (AA) which are defined as aquatic 
animals (fish, molluscs and crustacea) reared in a fish farm or mollusc area 
or in the wild but intended for farming. It specifies the animal health require-
ments to be applied to the placing on the market, importation and transit of 
AA and their products. The animal health requirements are stipulated as 
minimum preventative measures and minimum control measures.

There are some notable exclusions: ornamental aquatic animals reared in 
non-commercial aquaria and wild AA harvested or caught directly for entry 
into food chain or fish meal etc. There is a partial exclusion for Ornamentals 
if held without contact with natural waters of the community.

The Directive is due to come into force in Member States on the 1st August 
2008. Existing additional health guarantees such as the Spring Viraemia of 
Carp (SVC) approved freedom status of Northern Ireland and Ireland under 
Decision 2004/453 may continue to be applied up to November 2009. 

A.	J.	Breed
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What’s New?

Move to OIE criteria for Disease Listing
Historically the diseases listed have been decided on the basis of what was 
considered important to the EU Member States. In the new Directive the OIE 
criteria for disease listing are used. These criteria aim to select diseases of 
economic importance that can be reliably identified. Adoption of these crite-
ria will help harmonisation and hopefully avoid the risks of allegations of the 
use of health controls as proxies for trade barriers. The OIE list of susceptible 
species will also be adopted which will resolve some current mismatches. On 
a less optimistic note the current listing of susceptible species by the OIE can 
appear less than precise for some diseases.

Summary of OIE Criteria for Disease Listing
• EITHER Economic significance – has potential for significant 

economic impact
• OR Detrimental environmental impact
• Difficult to contain at farm level
• Trade risks spread to uninfected areas
• Reliable and simple harmonised tests are available
• Susceptible species as defined by OIE 

Revised Disease Listing
Currently the EU disease listing is split into three groups: List I for diseases 
considered exotic to the EU, List II for diseases used for zoning and List 
III diseases for additional guarantees. The new categorisation sees diseases 
classified into two groups: exotic and non-exotic. The list III has gone but is 
replaced by the ability to control other diseases ‘proportionately with good 
cause’. As the likes of Gyrodactylus	salaris fall into this area there are likely 
to be some robust negotiations.

Current EU Disease Listing
• List I (exotic) Fish - Infectious salmon anaemia ISA 
• List II (for Zoning)
  Fish – Viral haemorrhagic septicaemia VHS, 
            Infectious haematopoietic necrosis IHN
  Molluscs – Bonamia	oestreae, Marteilla	refringens

New	Fish	Health	directive	–	Council	Directive	2006/88/EC	of	24th	October	2006
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 List III (additional guarantees under Decision 2004/453/EC) 
  Fish – Infectious pancreatic necrosis IPN, Spring viraemia of carp 

         SVC, Bacterial kidney disease BKD, Furunculosis, Enteric 
           Redmouth ERM, Gyrodactylus	salaris

  Crustaceans – Crayfish plague 

New Disease Listing
• Exotic
  Fish – Epizootic haematopoietic necrosis EHN
         Epizootic ulcerative syndrome 
  Molluscs – Bonamia	exitiosa, Perkinsus	marinus,
                   Microcytos	mackini 
  Crustaceans – Taura syndrome, Yellowhead disease
• Non-Exotic
  Fish – ISA, VHS, IHN, Spring viraemia of carp SVC, 
         Koi Herpes virus KHV
  Molluscs – Marteilia	refringens, Bonamia	ostreae
  Crustaceans – white spot
• List III is replaced by the ability to control any other disease ‘with good 

cause proportionately’ 

Designation of Disease Free Areas
The original system was based on the premise that fish could only be moved 
into a disease free area from another disease free area. The disease free areas 
were called zones and had a disease status allocated for List II diseases (VHS 
& IHN) by the Commission on the basis of a satisfactory testing history and 
ongoing surveillance. Later on this principle was adapted to allow the clas-
sification of individual farms as approved despite not being in an approved 
zone. More recently additional guarantees for some List III diseases such as 
Spring Viraemia of Carp were granted under Decision 2004/453/EC using 
similar principles.

Under the new system the individual Member States can declare the health 
status of a zone or compartment themselves and submit the declaration to 
the Standing Committee on the Food Chain and Animal Health. If the area 
of the proposed fish health zone is more than 75% of the total area of the 
Member State or shares a catchment area with another Member State or third 
country a more complex procedure is required. There is also an obligation 
on Member States to establish appropriate buffer zones to protect the disease 
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free status where the adjacent Member State or water catchment area is not 
declared disease free. 

The new system seeks to work on the same principle of not allowing fish 
of a lower health status into an area. The classification of areas has, how-
ever, been expanded into five categories to reflect the process more closely. 
The controls will not apply to life stages that do not transmit the disease. 
However, it will apply to vector species. A list of such stages and vectors is 
yet to be drawn up.

Old system
Classification of
Zone or Farm

May introduce fish from

Approved for list II Approved zone or approved 
farm

Non-approved for List II Approved and non-
approved

± additional guarantees for 
list III

Zone with same additional 
relevant guarantee(s)

New system
Category of

Zone or Compartment
May introduce fish from

1. Disease free Only category 1
2. Surveillance programme 

in place
Only category 1

3. Undetermined Categories 1, 2, 3
4. Eradication programme 

in place
Only category 1

5. Infected All categories

New and Emerging Diseases
Currently there is no quick response mechanism for new and emerging dis-
eases. The new Directive contains an obligation on Member States to take 
appropriate measures to control an emerging disease situation where it has 
the potential to jeopardise the health situation of aquatic animals. They must 
also inform other Member States and the Commission without delay. The 
new disease would then become listed if appropriate. 
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Changing to Risk Assessment Basis
One of the widest ranging changes in the new Directive is from prescrip-
tive regulation to risk based controls. A risk based animal health surveil-
lance scheme must be applied to all fish farms and mollusc farming areas. 
Surveillance visits by the competent authority are required to ensure compli-
ance with the requirements of the Directive as before but now these are risk 
based. The Member States are required not only to have access to adequate 
laboratory services but also state of the art know-how in risk analysis and 
epidemiology.

There is a new requirement for qualified aquatic animal health services visits 
to check the health status of the aquatic animals, advise business on aquatic 
animal health issues and where necessary undertake the necessary veterinary 
measures. This may well represent an opportunity for fish veterinarians to 
work more closely with the industry. 

Authorisation of Aquaculture Businesses
Currently in Great Britain there is only an obligation to register a fish farm. 
With the new Directive comes an obligation for authorisation of aquaculture 
businesses which includes both farms and processors. Businesses must keep 
records of movements to ensure traceability, mortality and the results of a 
risk based animal health surveillance system as appropriate for the type of 
production. They must also implement good hygienic practice to prevent the 
spread of disease.

Electronic Records
There is a move towards more transparency with an obligation to maintain 
central electronic records of at least the register of aquaculture businesses 
and authorised processing establishments. An up to date list of disease free 
zones and compartments in the Member State must be kept and made pub-
licly available.

Scientific Purposes
A mechanism has been put in place to resolve the previous challenges of 
differing health statuses when dealing with the movement of fish intended 
solely for scientific purposes. 

A.	J.	Breed
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The future – consultation and details

As with many Directives there is a considerable amount of work to do to 
implement it into National Legislation. Both considerable clarification of 
details and consultation with stake holders will need to be completed to 
facilitate implementation on the 1st August 2008.

Conclusion

The implementation of Directive 2006/88/ should provide for more appropri-
ate control of aquaculture health in the context of contemporary aquaculture 
and free trade. The recognition of emerging diseases as a potential threat and 
a mechanism to deal with them is a welcome addition. The move to controls 
and surveillance based on risk assessment should make for a better focused 
system and will hopefully lead to greater veterinary involvement with the 
aquaculture industry to the mutual benefit of fish, industry and veterinarians.

References

Council Directive 2006/88/EC of 24 October 2006 on animal health require-
ments for aquaculture animals and products thereof, and on the pre-
vention and control of certain diseases in aquatic animals. Official	
Journal	of	the	European	Union L 328, 24.11.2006, 14–56.

Corrigendum to Council Directive 2006/88/EC of 24 October 2006 on animal 
health requirements for aquaculture animals and products thereof, and 
on the prevention and control of certain diseases in aquatic animals 
Official	Journal	of	the	European	Union L 140, 1.6.2007, 59–59.

Further Information

EU legislation EUR-Lex: http://eur-lex.europa.eu/en/index.htm 

Office International des Epizooties (OIE): http://www.oie.int/eng/en_index.
htm

New	Fish	Health	directive	–	Council	Directive	2006/88/EC	of	24th	October	2006



Fish Veterinary Journal • Number 10 • 2008 28

Alistair	 Breed	 graduated	 from	 Liverpool	 University	 Veterinary	 School	 in	
1984	and	worked	in	mixed	and	small	animal	practice	before	taking	up	the	
post	of	Government	veterinary	officer	in	DAFF,	Isle	of	Man.	He	has	had	an	
interest	in	animal	production	systems	and	gained	an	MSc	in	livestock	health	
and	production	through	the	Royal	Veterinary	College	in	2003.	Fish	farming	
and	its	regulation	is	one	of	his	areas	of	special	interest.	He	has	been	a	mem-
ber	of	the	Fish	Veterinary	Society	since	2001.

A.	J.	Breed

This paper is based on a presentation given at the spring meeting of the 
Fish Veterinary Society in Edinburgh on 18th April 2007 and accepted for 
publication on 20th December 2007.

The views and opinions expressed are those of the author and do not neces-
sarily reflect those of the Isle of Man Government.



29 Fish Veterinary Journal • Number 10 • 2008

An introduction to import risk analysis for aquatic 
animals

F.C. Baldocka,b, S.J. Morec and E.J. Peelerd

a AusVet Animal Health Services, 19 Brereton Street, Brisbane, 
Queensland 4101, Australia
b Deceased
c Veterinary Sciences Centre, UCD Agriculture, Food Science & 
Veterinary Medicine, University College Dublin, Belfield, Dublin 4, 
Ireland
d Centre for Environment, Fisheries and Aquaculture Science, 
The Nothe, Barrack Road, Weymouth, Dorset DT4 8UB, United 
Kingdom

Abstract

With	increasing	international	 trade,	 there	are	increasing	risks	 to	countries	
that	unwanted	aquatic	animal	pathogens	will	enter	and	spread.	Import	risk	
analysis	(IRA)	provides	an	objective,	transparent	and	defensible	method	of	
assessing	disease	risks	associated	with	 imports.	The	 International	Aquatic	
Animal	 Health	 Code	 provides	 internationally	 recognised	 guidelines	 for	
import	risk	analysis.	This	paper	describes	and	illustrates	the	main	elements	
of	an	IRA	for	aquatic	animals	and	their	products,	including	hazard	identifi-
cation,	risk	assessment,	risk	management	and	risk	communication.	Sources	
of	 additional	 information	 are	 listed,	 both	 on	 concepts	 and	 methodology,	
and	 also	 the	 application	 of	 import	 risk	 analysis	 in	 aquatic	 animal	 health	
management.

1. Introduction

The potential impact of infectious diseases has led many countries to under-
take import risk analyses (IRAs). These analyses seek to support the devel-
opment of policies to prevent the entry and spread of unwanted pathogens as 
trade in animal products increases under the various multilateral agreements 
administered by the World Trade Organization (WTO). For example, in the 
mid 1990s, farmed shrimp production was severely affected by several inter-
national waves of infectious diseases. As an immediate response, Australia 
placed a ban on the import of shrimp products not for human consumption, 
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noting that these products were being used as bait for fishing, which will 
come in direct contact with populations of both wild and cultured shrimp. An 
import risk analysis was then conducted to systematically evaluate the risk of 
introduction of these infectious diseases, through this and other pathways. As 
a result of the IRA, importation of cooked shrimp was permitted. Importation 
of green (uncooked) shrimp was only permitted following the removal of the 
cephalothorax in an approved facility (Anon. 2000). This import risk analy-
sis has recently been updated (Biosecurity Australia 2006).

The importation of animals and animal products involves a degree of disease 
risk to the importing country. This risk may be represented by one or more 
diseases or infections.

The principal aim of import risk analysis is to provide importing countries 
with an objective and defensible method of assessing the disease risks 
associated with the importation of animals, animal products, animal genetic 
material, feedstuffs, biological products and pathological material. It forces 
a thorough and logical approach to be adopted in considering the likelihood 
of undesirable events, and identifies gaps in our current knowledge. The 
analysis should be transparent. This is necessary so that the exporting coun-
try is provided with clear reasons for the imposition of import conditions or 
refusal to import. Transparency is also essential because data are often uncer-
tain or incomplete and, without full documentation, the distinction between 
facts and the analyst’s value judgements may blur. This paper describes and 
illustrates the main elements of IRAs for aquatic animals and their products.

2. The International Aquatic Animal Health Code

In undertaking an import risk analysis, a country must be guided by the 
International Aquatic Animal Health Code of the Office International des 
Epizooties (OIE; World Organization of Animal Health 2007). The OIE Code 
provides guidelines for national authorities to assist them in addressing the 
principles laid out in the WTO’s Agreement on the Application of Sanitary 
and Phytosanitary Measures (the so-called SPS Agreement). In addition to 
the more formal WTO mechanisms, the OIE has voluntary in-house mecha-
nisms for assisting Member Countries to resolve differences, which may 
arise from the outcomes of IRAs.

F.C.	Baldock,	S.J.	More	and	E.J.	Peeler

IRAs	provide	an	objective,	transparent	and	defensible	method	of	assessing	
disease	risks	associated	with	imports.
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The SPS Agreement recognises the OIE as the relevant international organi-
sation responsible for the development and promotion of international ani-
mal health standards, guidelines, and recommendations affecting trade in 
live animals and animal products. WTO Members may choose to adopt a 
higher level of protection than that provided by international agreements, 
if there is a scientific justification that the level of protection provided by 
the relevant international agreements is inappropriate. However, in such 
circumstances, under the terms of the SPS Agreement, WTO Members must 
justify the level of protection with an IRA, and apply a consistent approach 
to risk management.

The section in the OIE Code on risk analysis contains new concepts to be 
embraced by animal disease control authorities. The OIE Code consists of four 
chapters:

• General Considerations,
• Guidelines for Risk Assessment,
• Evaluation of Competent Authorities, and
• Zoning and compartmentalisation.

Both qualitative and quantitative approaches to import risk analyses are recog-
nised by OIE.

Decisions based on an IRA, as described in the OIE Code, is preferable to 
a zero-risk approach because it should lead to more objective decisions on 
imports and provides a sound basis for competent authorities to discuss any 
differences which may arise concerning potential risks.

3. Import risk analysis

a. Introduction
Import risk analysis (IRA) is the process of identifying the pests and dis-
eases relevant to a particular import proposal, assessing the risks posed by 
them and, if those risks (the ‘unrestricted risk estimate’) are unacceptable, 
determining what measures can reduce the risks to an acceptable level (the 
‘restricted risk estimate’). Such measures include processing, testing, treat-
ment and quarantine. Where available measures cannot reduce the risks to an 
acceptable level, imports should not be permitted.

An	introduction	to	import	risk	analysis	for	aquatic	animals

The	International	Aquatic	Animal	Health	Code	of	the	OIE	provides	
internationally	recognised	guidelines	for	import	risk	analyses.



Fish Veterinary Journal • Number 10 • 2008 32

There is an important distinction between the general epidemiological defini-
tion of risk and that used for import risk analyses:

• In general epidemiology, risk is simply the probability of occurrence of 
an adverse event during a specified time period.

• In IRAs, however, the magnitude of the consequences and the likeli-
hood of the adverse event, are each incorporated into the definition. 
Under the IRA definition of risk, an adverse event, which is unlikely 
to occur, may still be regarded as important because the consequences 
of the event may be quite catastrophic. For example, White Spot 
Syndrome Virus (WSSV) can cause so much damage to a country’s 
cultured shrimp industry that those countries which are free may wish 
to minimise the probability of an outbreak caused by importation of 
infected commodities.

Some of the terms used in IRA are listed in Figure 1. They are modifica-
tions of the definitions provided in Section 1.3 of the OIE Terrestrial Animal 
Health Code.

FIG 1: A glossary of terms used in import risk analyses
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In	IRAs,	risk	incorporates	both	the	likelihood	of	occurrence	and	the	
magnitude	of	the	consequences.

Acceptable risk: Risk level judged by OIE Member Countries to be compatible with 
the protection of animal and public health within their country, taking into account 
epidemiological, social, and economical factors.

Commodity: Animals, animal products, animal genetic material, feedstuffs, biologi-
cal products and pathological material.

Consequence assessment: A description of the potential consequences of a given 
exposure and an estimate of the likelihood that each will occur.

Exposure assessment: A description of the biological pathways necessary for the 
exposure of animals and humans in the importing country to the hazards released 
from a given risk source, and an estimation of the probability of this occurring.

Hazard: In the context of the Code, hazard is a pathogenic (and usually infectious) 
agent.

Hazard identification: The process of identifying the pathogenic agents, which 
could potentially be introduced in the commodity, considered for importation.
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Qualitative risk assessment: An assessment where the outputs on the likelihood of 
the outcome or the magnitude of the consequences are expressed in qualitative terms 
such as high, medium, low or negligible.

Quantitative risk assessment: An assessment where the outputs of the risk assess-
ment are expressed numerically.

Release assessment: A description of the biological pathways necessary for an 
importation activity to ‘release’ (that is, introduce) pathogenic agents into a particu-
lar environment, and an estimation of the probability (qualitative or quantitative) of 
the complete process occurring.

Risk: The likelihood (probability or chance) of the occurrence and the likely mag-
nitude of the consequences of an adverse event to animal of human health in the 
importing country during a specified time period.

Risk analysis: The process composed of hazard identification, risk assessment, risk 
management and risk communication.

Risk assessment: The evaluation of the likelihood and the biological and economic 
consequences of entry, establishment, and/or spread of a pathogenic agent within the 
territory of an importing country (i.e. the process of estimating the risk presented by 
a hazard, in qualitative or quantitative terms).

Risk communication: The process by which information and opinions regarding 
hazards and risks are gathered from potentially affected and interested parties during 
a risk analysis, and by which the results of the risk assessment and proposed risk 
management measures are communicated to the decision makers and interested par-
ties in the importing and exporting countries.

Risk estimation: An integration of the results of the release assessment, exposure 
assessment and consequence assessment to produce an overall measure of the risk 
associated with each identified hazard.

Risk management: The process of identifying, selecting and implementing meas-
ures that can be applied to reduce the level of risk.

Sanitary measure: Measures such as those described in each Chapter of the Code, 
which are used for risk reduction and are appropriate for particular diseases.

Sensitivity analysis: The process of examining the impact of the variation in indi-
vidual model inputs on the model outputs in a quantitative risk assessment.

Transparency: Comprehensive documentation of all data, information, assump-
tions, methods, results, discussion and conclusions used in the risk analysis. 
Conclusions should be supported by an objective and logical discussion and the 
document should be fully referenced.
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b. Qualitative versus quantitative
Although detailed methodologies for risk analyses are not considered here, 
it is worthwhile briefly discussing the differences between qualitative and 
quantitative methods before outlining the risk analysis process.

Qualitative risk assessment is an important part of all risk analyses. It pro-
vides a characterisation of the risk and a summary of all the available scien-
tific information. Essentially, it is a scientific discussion of the biology and 
epidemiology of potential hazards associated with the relevant commodities 
being considered for importation. It is suitable for the majority of import 
risk analyses and is commonly used for routine import decisions. The lack 
of mathematics in a qualitative approach to risk assessment means that it is 
easy to adopt and the results are understandable to a non-scientific audience. 
However, it can be difficult to maintain objectivity and consistency between 
decisions (Vose 2000). Inevitably qualitative risk assessments rely on phrases 
such as ‘probable’ and ‘unlikely’, which are open to differing interpretations. 
Qualitative assessments are generally used as the ‘first step’ of a IRA process. 
Further quantitative methods would generally only be justified if qualitative 
methods suggest that data are available and the risk is non-negligible.

Quantitative risk assessment uses probability and sometimes economic 
theory to estimate the probability and consequences of a risk. This approach 
is far more demanding of data and other resources compared with quali-
tative methods. The data required for quantitative risk assessments are 
largely absent for aquatic diseases, and expert opinion is therefore frequently 
required. The development of Monte Carlo simulation software packages, 
such as @Risk (Palisade Corporation, Ithaca, NY, USA) has made quantita-
tive risk assessment a more realistic option. Inputs can be described as prob-
ability distributions and thus reflect the uncertainty associated with their val-
ues when based, say, on expert opinion. Quantitative methods also provide 
a mechanism for identifying the most important factors through sensitivity 
analyses. The use of numbers in a quantitative analysis does not necessarily 
add objectivity and precision, and interpretation and communication can be 
more difficult than for qualitative approaches in some circumstances.

F.C.	Baldock,	S.J.	More	and	E.J.	Peeler

Uncertainty: The lack of precise knowledge of the input values which is due to 
measurement error or to lack of knowledge of the steps required, and the pathways 
from hazard to risk, when building the scenario being assessed.

Variability: A real-world complexity in which the value of input is not the same for 
each case due to natural diversity in a given population.
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Semi-quantitative methods combine qualitative and quantitative approaches. 
For example, probabilities may be estimated quantitatively and combined 
with qualitative estimates of the consequences.

Both methods have a degree of subjectivity and are heavily influenced by the 
opinions and experience of those involved in the analysis, and the decision 
makers who use the results.

c. The components of an import risk analysis
Under the Code, risk analysis has four major components:

• hazard identification,
• risk assessment (which is further divided into four steps: release 

assessment, exposure assessment, consequence assessment and risk 
estimation),

• risk management, and
• risk communication.

The broad relationships among the components and steps are shown in 
Figure 2.

The majority of IRA are undertaken for trade purposes, thus the IRA process 
begins with a decision to conduct a risk assessment in response to a request 
to import a commodity. The starting point of the analysis is the commodity. A 
full description of the commodity proposed for import and the likely annual 
quantity of trade of the proposed importation should be documented. It must 
be recognised that whilst an accurate estimate of the anticipated quantity of 

An	introduction	to	import	risk	analysis	for	aquatic	animals

Both	qualitative	and	quantitative	methods	can	be	validly	used	in	IRAs.

Hazard
identification

Risk
assessment

Risk
management

Risk
communication

Release assessment
Exposure assessment
Consequence assessment

Risk estimation

FIG 2: The components of an import risk analysis
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trade is desirable to incorporate into the risk estimate, it may not be readily 
available, particularly where such trade is new.

Hazard identification is an essential step, which must be conducted before 
the risk assessment. If no hazards are identified, then a risk assessment is 
not required. The report from the risk assessment forms the basis for the 
development of risk management strategies and risk communication with 
stakeholders.

The process of an IRA may also need to take into consideration the results of 
an evaluation of competent authorities responsible for aquatic animal health 
services, zoning and surveillance systems in place for monitoring of animal 
health in the exporting country. These are described in separate chapters in 
the Code.

4. Hazard identification

Hazard identification involves identifying the pathogenic agents, which 
could potentially produce adverse consequences associated with the importa-
tion of a commodity.

The potential hazards identified would be those appropriate to the species 
being imported, or from which the commodity is derived, and which may be 
present in the exporting country. It is then necessary to identify whether each 
potential hazard is already present in the importing country, and whether it 
is a notifiable disease or is subject to control or eradication in that country. 
In other words, the question must be asked for each potential hazard: ‘Is this 
pathogenic agent of quarantine significance to the importing country?’ If the 
agent is not of quarantine significance, then it is probably not a hazard.

Hazard identification is a categorisation step, identifying pathogenic agents 
dichotomously as potential hazards or not. This step can be reported using a 
single table (Table 1), with column headings representing the classification 
criteria used to decide if a particular agent is a hazard or not. For each patho-
gen, the classification criteria could include susceptible species, exporting 
country occurrence and control measures, and importing country occurrence 
and control measures. An example, the hazards associated with the importa-
tion of salmonid carcasses to Australia, is presented in Table 1.

F.C.	Baldock,	S.J.	More	and	E.J.	Peeler

Hazard	identification	lists	the	potentially	important	pathogens	to	be	
considered	in	the	risk	assessment.
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The evaluation of the Veterinary Services, surveillance and control programs 
and zoning systems are important inputs for assessing the likelihood of haz-
ards being present in the animal population of the exporting country.

The risk assessment may be concluded if any of the following apply:

• no potential hazards are identified associated with the importation;

• potential hazards are identified which are disease agents listed in the 
Code and the importing country decides to permit the importation 
using the risk management measures recommended in the Code; or

• potential hazards are identified, but, because they are not disease 
agents listed in the Code and not considered be significant1, the import-
ing country decides not to apply risk management measures.

5. Risk assessment

5.1. Overview
The risk assessment is the component of the analysis, which evaluates the 
risks associated with a hazard. As previously discussed, risk assessments 
may be qualitative or quantitative. Qualitative assessment does not require 
mathematical modelling skills to carry out, and so is often the type of assess-
ment used for routine decision making. No single method of risk assessment 
has proven applicable in all situations, and different methods may be appro-
priate in different circumstances.

Figure 3 highlights the key role of risk assessment, within an overall IRA 
process. The linkages to risk communication are not shown as this is an 
ongoing process undertaken during all IRA stages.

Risk assessment should be flexible enough to deal with the complexity of 
real life situations. No single method is applicable in all cases. Risk assess-
ment must be able to accommodate the variety of animal commodities, the 
multiple hazards that may be identified with an importation and the specifi-
city of each disease, detection and surveillance systems, exposure scenarios 
and types and amounts of data and information.

An	introduction	to	import	risk	analysis	for	aquatic	animals

1 A country can apply risk management measures to diseases that are not listed.

The	 risk	 associated	 with	 each	 identified	 hazard	 is	 evaluated	 in	 the	 risk	
assessment.
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A range of factors will determine whether qualitative or quantitative methods 
are more appropriate. A qualitative assessment may be undertaken for all the 
hazards, which allows the hazards to be ranked. A quantitative assessment 
may then be undertaken for the highest ranked hazards, provided relevant 
data are available. In either case, the risk assessment should be based on 
the best available information that is in accord with current scientific think-
ing. The assessment should be well documented and supported with refer-
ences to the scientific literature and other sources, including expert opinion. 
Consistency in risk assessment methods is encouraged and transparency is 
essential in order to ensure fairness and rationality, consistency in decision-
making and ease of understanding by all the interested parties. Risk assess-
ments should document the uncertainties, the assumptions made, and the 
effect of these on the final risk estimate.

5.2. The sequential steps
The risk assessment process consists of four sequential steps:

• Release assessment,
• Exposure assessment,
• Consequence assessment, and 
• Risk estimation.
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RISK ASSESSMENT

Release assessment
Exposure assessment

Consequence assessment
Risk estimation
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Present in exporting country
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importing country

HAZARD IDENTIFICATION
If no hazards are identified
then a risk assessment is

not required

FIG 3: The key role of risk assessment, within an overall import risk analysis process
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The four steps clarify the stages of the risk assessment, describing them in 
terms of the series of events necessary for the identified potential risk(s) to 
occur, and facilitate understanding and evaluation of the outputs. The prod-
uct is the risk assessment report, which is used in risk communication and 
risk management. The first three steps of the risk assessment leading to risk 
estimation are illustrated in Figure 4. Pathways of entry into the importing 
country and exposure of susceptible animals are developed in the release and 
exposure assessments respectively, while outbreak scenarios are frequently 
used to assist in estimating the consequences. These will be more fully 
explained later.

The likelihood that an identified hazard will enter an importing country with 
the proposed importation is estimated in the release assessment. The likeli-
hood that susceptible animals will then be exposed to an infectious dose of 
that agent contained in the imported commodity is estimated in the exposure 
assessment. Next, the likelihood of establishment and spread, and biologi-
cal and economic consequences of introducing the agent, are estimated in 
the consequence assessment. The risk assessment for each identified hazard 
concludes with risk estimation where the likelihoods and consequences are 
combined to provide what is known as the unrestricted risk estimate. The 
unrestricted risk estimate is the estimate of the risk prior to the application 
of any risk management measures.

5.3. Estimating likelihood
Both release and exposure assessments result in estimates of the likelihood 
of events. Essentially, likelihood can be estimated either qualitatively or 
quantitatively. Qualitative methods use verbal descriptions (Table 2) while 
quantitative methods use mathematical terms to describe likelihoods.

An	introduction	to	import	risk	analysis	for	aquatic	animals

Spread among
susceptible populations

Establishment in
susceptible population(s)

Exposure of
susceptible animals

Exporting
country

Border of
importing country

Outbreak
scenarios

Consequence
assessment

Exposure
assessment

Release
assessment

Importing country

Entry
pathways

Exposure
pathways

FIG 4: The steps of risk assessment leading to risk estimation
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It is important to appreciate that when estimating likelihoods, the time period 
and unit (e.g. a consignment) of interest must each be stated. In the case of 
an IRA, the period is usually one year. Also, since the likelihood of release 
(introduction) and exposure (establishment) of a hazard increases with 
increasing volume of the commodity imported, the risk assessment should 
be amenable to updating when additional information becomes available.

5.4. Release assessment

The release assessment consists of describing the biological pathway(s) 
necessary for an importation activity to release (that is, introduce) biologi-
cal agents (hazards) into a particular country or location, and estimating the 
probability of that complete process occurring, either qualitatively (in words) 
or quantitatively (as a numerical estimate). Diagrams of potential pathways 
are useful in this regard. They ensure that all the steps necessary for the 
release (and exposure) are identified in a sequence that is logical in time 
and space. In Figure 5, the pathways for the introduction of the parasite, 
Gyrodactylus	 salaris are illustrated. The release assessment describes the 
probability of the release of each of the potential hazards (the infectious 
pathogens) under each specified set of conditions with respect to amounts 
and timing, and how these might change as a result of various actions, events 
or measures.
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Likelihoods	 of	 release	 and	 exposure	 are	 usually	 estimated	 for	 a	 one	 year	
period	and	may	change	as	annual	volume	of	imports	changes.

Release	assessment	 considers	 the	 likelihood	of	a	hazard	being	 introduced	
into	a	country.

TABLE 2: Qualitative descriptions of likelihood

Likelihood statement Qualitative description
Very high Event would be expected to occur
High Likelihood of event occurring is approximately 

even
Moderate Event is unlikely to occur
Low Event would occur rarely
Very low Event extremely unlikely to occur
Negligible Likelihood of event occurring is so small that it 

can be ignored in practical terms
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Examples of the kind of inputs that may be required in the release assess-
ment include:

a. Biological factors -
• species, age and strain of animals
• agent predilection sites
• vaccination, testing, treatment and quarantine.

b. Country factors
• incidence/prevalence
• evaluation of animal health services, surveillance and control programs 

and zoning systems of the exporting country.

c. Commodity factors
• quantity of commodity to be imported
• ease of contamination
• effect of processing
• effect of storage and transport.

If the release assessment demonstrates an acceptable risk, then the risk 
assessment can be concluded at this stage.

5.5 Exposure assessment

An	introduction	to	import	risk	analysis	for	aquatic	animals

Fish farms Rivers and lakes
Gyrodactylus salaris

endemic country

Fish
eggs

Live
fish

Fish
carcases

Angling
equipment

Live
fish

Boats and
canoes

Fish farms Rivers and lakes

Gyrodactylus salaris
free country

FIG 5: Possible routes of introduction for Gyrodactylus salaris from an endemically 
infected country to a country free from infection

Exposure	assessment	considers	the	likelihood	of	susceptible	animals	being	
exposed	to	a	hazard	if	it	is	introduced	into	a	country.
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Exposure assessment begins by describing the biological pathway(s) necessary 
for exposure of animals and humans in the importing country to the hazards 
(in this case the biological agents) released from a given risk source. The path-
ways for the exposure to the aquatic environment of pathogens introduced via 
fish imported for human consumption are illustrated in Figure 6. For aquatic 
animal diseases the probability of sufficient quantities or concentrations of the 
biological agent entering the aquatic environment to eventually cause estab-
lishment of the disease in a susceptible population must be considered2.
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FIG 6: Scenario tree for release assessment showing pathways followed by a product 
imported for human consumption (from Kahn et al. 1999)

2 By contrast, the OIE terrestrial animal code considers establishment of the patho-
gen under the consequence assessment.
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The probability of exposure to the identified hazards is estimated for speci-
fied exposure conditions with respect to amounts, timing, frequency, dura-
tion of exposure, routes of exposure (e.g. ingestion, skin penetration, gill 
exposure), and the number, species and other characteristics of the animal 
and human populations exposed. The probability of the exposure(s) occur-
ring can be expressed either qualitatively (in words) or quantitatively (as a 
numerical estimate). Examples of the kind of inputs that may be required in 
the exposure assessment are:

a. Biological factors
• properties of the agent

b. Country factors
• presence of potential vectors
• human and animal demographics
• customs and cultural practices
• geographical and environmental characteristics

c. Commodity factors
• quantity of commodity to be imported 
• intended use of the imported animals or products 
• disposal practices

If the exposure assessment demonstrates no significant risk, then the risk 
assessment can be concluded at this stage.

5.6 Consequence assessment

Consequence assessment consists of describing the relationship between 
specified exposures to a biological agent (hazard) and the consequences of 
those exposures. A causal process must exist by which exposures produce 
adverse health or environmental consequences, which may in turn lead to 
socio-economic consequences. The consequence assessment describes the 
potential consequences of a given exposure and estimates the probability of 
them occurring. This estimate may be either qualitative (in words) or quan-
titative (a numerical estimate). Outbreak scenarios may be used to illustrate 
the range of possible consequences that could be experienced in the import-
ing country and to provide quantitative biological data for economic analyses 
where these are considered necessary. Examples of consequences include:

An	introduction	to	import	risk	analysis	for	aquatic	animals

Consequence	 assessment	 considers	 the	 potential	 impacts	 of	 a	 hazard	 if	 it	
becomes	established	in	a	country.
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a. Direct consequences
• animal infection, disease, and production losses
• public health consequences.

b. Indirect consequences
• surveillance and control costs
• compensation costs
• potential trade losses
• adverse consequences to the environment.

An example of how different levels of impact of consequences might be 
described is shown below. A particular country may wish to define the dif-
ferent levels of significance of consequences in a totally different manner. 
However, it is important for any particular IRA to define the terms used and 
also to be consistent with other IRAs undertaken for similar commodities 
and hazards.

• a	very	high (also	called	catastrophic	or	extreme) impact is associated 
with the establishment of diseases that would be expected to signifi-
cantly harm economic performance at a national level, or cause serious, 
irreversible harm to the environment. 

• a	 high	 impact is associated with the establishment of diseases that 
would have serious biological consequences (e.g. high mortality or 
high morbidity and significant pathological changes in affected ani-
mals) over a prolonged period and are not amenable to control or 
eradication. Such diseases would be expected to significantly harm 
economic performance at an industry or national level. Alternatively 
or in addition, they may cause serious harm to the environment. 

• a	moderate	impact is associated with the establishment of diseases that 
either have less pronounced biological consequences or would harm 
economic performance significantly at an enterprise/regional level. 
Such diseases would not be expected to significantly harm economic 
performance at the industry/national level. These diseases may be 
amenable to control or eradication, at a significant cost or their effects 
may be temporary. They may affect the environment, but such effects 
would not be serious or may be reversible.

• a	low	impact is associated with the establishment of diseases that have 
mild biological consequences and would normally be amenable to con-
trol or eradication. Such diseases would be expected to affect economic 

F.C.	Baldock,	S.J.	More	and	E.J.	Peeler
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performance at the enterprise/regional level but to have only minor sig-
nificance at the industry or national level. Effects on the environment 
would be minor or, if more pronounced, would be temporary.

• a	very	low	impact is associated with the establishment of diseases that 
have very mild biological consequences and/or are readily amenable 
to control or eradication. Though there may be moderate economic 
effects at an enterprise level, there would be little impact at an industry 
or national level. Effects on the environment would be minor and tran-
sient.

• a	 negligible	 impact is associated with the establishment of diseases 
that have no significant biological consequences, may be transient and/
or that are readily amenable to control or eradication. The economic 
effects would be expected to be low at an individual enterprise level, 
and insignificant at an industry or national level. Effects on the envi-
ronment would be negligible.

If the consequence assessment demonstrates a negligible impact, then the 
risk assessment can be concluded at this stage although this will depend 
on the importing country’s acceptable level of protection (ALOP) which is 
explained later.

5.7 Risk estimation 

Risk estimation consists of integrating the findings from the release assess-
ment, exposure assessment and consequence assessment to produce overall 
measures of risk associated with the hazards identified at the outset. Thus 
risk estimation takes into account the whole of the risk pathway from hazard 
identified to unwanted outcome.

For a quantitative assessment, the final outputs may include:

• estimated numbers of animals, farms or people likely to experience 
health impacts of various degrees of severity over time;

• probability distributions, confidence intervals, and other means for 
expressing the uncertainties in these estimates;

• portrayal of the variance of all model inputs;

An	introduction	to	import	risk	analysis	for	aquatic	animals

Risk	estimation	integrates	the	findings	from	the	release,	exposure	and	con-
sequence	assessments	and	may	be	summarised	in	a	risk	estimation	matrix.
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• a sensitivity analysis to rank the inputs as to their contribution to the 
variance of the risk estimation output; and

• analysis of the dependence and correlation between model inputs.

For a qualitative assessment, there may be some representation (graphical or 
other) of the combinations of likelihoods (probability of occurrence) and con-
sequences. A relatively straightforward way to qualitatively combine the like-
lihood of introduction and establishment with the impact of the consequences 
for each identified hazard is to use a risk estimation matrix (also called a prob-
ability–impact table; Vose 2000). An example is shown in Figure 7. The cells 
of this matrix describe the product of likelihood and consequences which are 
the different levels of ‘risk’. When interpreting the risk estimation matrix, it 
should be remembered that although the descriptors for each axis are similar 
(‘low’, ‘moderate’, ‘high’, etc.), the vertical axis refers to ‘likelihood’ and 
the horizontal axis refers to ‘consequence’. One implication of this is that a 
‘negligible’ probability combined with ‘very high’ consequences, is not the 
same as a ‘very high’ probability combined with ‘negligible’ consequences; 
in other words, the matrix is not symmetrical. Another implication is that 
‘risk’ is expressed in the same units as are used to estimate consequences. 
Thus, ‘risk’ encompasses both likelihood and consequence in an IRA.
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6. Risk management

Risk management is the process of deciding upon and implementing 
measures to achieve the Member Country’s appropriate level of protection 
(ALOP), whilst at the same time ensuring that negative effects on trade are 
minimised. The objective is to manage risk appropriately to ensure that a 
balance is achieved between a country’s desire to minimise the likelihood 
of disease incursions and their consequences and its desire to import goods 
and fulfil its obligations under international trade agreements. Each Member 
Country has the right to set its own ALOP which is consistent with the ani-
mal health status of that country and which is consistent with the principles 
of the SPS Agreement. Thus, different countries will have different ALOPs. 
It is important to note that the SPS Agreement does not require a country to 
have a scientific basis for its ALOP determination. 

The risk estimation matrix shown in Figure 7 can be used to visualise a coun-
try’s ALOP. For example, a country may be willing to accept only a very low 
risk or less for all hazards. However, the ALOP must be consistent for all 
imports. For example, it would not be acceptable to permit the import of a 
particular commodity for use as fishing bait while at the same time refusing 
the import of a similar commodity for human consumption from the same 
country. Similarly, if a hazard is present in both importing and exporting 
country, the importing country can only expect the exporting country to 
apply the same level of control and surveillance that it applies.

The international standards of the OIE are the preferred choice of sanitary 
measures for risk management. The application of these sanitary measures 
should be in accordance with the intentions in the standards.

The four steps used in deciding upon and then introducing appropriate risk 
management strategies are summarised opposite:

• Risk	evaluation, the process of comparing the risk estimated in the risk 
assessment with the Member Country’s appropriate level of protection.

• Option	evaluation, the process of identifying, evaluating the efficacy 
and feasibility of, and selecting measures in order to reduce the risk 
associated with an importation in line with the Member Country’s 
ALOP. The efficacy is the degree to which an option reduces the like-
lihood and/or magnitude of adverse biological and economic conse-

An	introduction	to	import	risk	analysis	for	aquatic	animals

A	country	sets	its	own	ALOP	which	must	be	consistent	for	all	imports.
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quences. Evaluating the efficacy of the options selected is an iterative 
process that involves their incorporation into the risk assessment and 
then comparing the resulting level of risk with that considered accept-
able. The evaluation for feasibility normally focuses on technical, 
operational and economic factors affecting the implementation of the 
risk management options.

• Implementation, the process of following through with the risk man-
agement decision and ensuring that the risk management measures are 
in place.

• Monitoring	and	review, the ongoing process by which the risk manage-
ment measures are continuously audited to ensure that they are achiev-
ing the results intended.

For some hazards, the ‘unrestricted risk’ (the risk prior to the application 
of risk management measures) may exceed a country’s ALOP. In these cir-
cumstances, risk can be reassessed in the light of the different options for 
management. The selected option should be that which brings the risk to the 
ALOP value and no lower (the ‘restricted’ risk).

For example, a country considering a proposal to import live goldfish may 
have identified goldfish haematopoietic necrosis virus (GFHNV) as a haz-
ard, and estimated the likelihood of release and exposure as low and the con-
sequences of establishment as high. Reference to the risk estimation matrix 
in Figure 7 shows that the qualitative unrestricted risk for GFHNV based on 
these estimates is low. If the importing country has a conservative ALOP and 
only accepts risks that are very low or lower, the unrestricted GFHNV risk 
estimate exceeds the ALOP and risk management measures are required. The 
types of measures which might be considered include:

• certification of the health status of the source populations,
• inspection prior to export and after arrival, and
• observation in a post-entry quarantine facility.

If it could be shown that these measures would reduce the risk to the level of 
very low (the restricted risk estimate), then the imports could proceed with 
the appropriate management measures in place for GFHNV.
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Risk	management	measures	are	applied	to	bring	risks	to	a	level	consistent	
with	a	country’s	ALOP.
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7. Risk communication

Risk communication is the process by which information and opinions 
regarding hazards and risks are gathered from potentially affected and inter-
ested parties during a risk analysis. The results of the risk assessment and 
proposed risk management measures are then communicated to the decision-
makers and interested parties in the importing and exporting countries. It is a 
multidimensional and iterative process, and should ideally begin at the start 
of the risk analysis process and continue throughout.

The principles to be followed as recommended in the Code are:
• A risk communication strategy should be put in place at the start of 

each risk analysis.

• The communication of risk should be an open, interactive, iterative and 
transparent exchange of information that may continue after the deci-
sion on importation.

• The principal participants in risk communication include the authori-
ties in the exporting country and other stakeholders such as domestic 
and foreign industry groups, domestic livestock producers and con-
sumer groups.

• The assumptions and uncertainty in the model, model inputs and the 
risk estimates of the risk assessment should be communicated.

• Peer review is a component of risk communication in order to obtain 
scientific critique and to ensure that the data, information, methods and 
assumptions are the best available.

8. Further reading

Detailed information on the concepts and methodology of import risk 
analysis for aquatic animals is available in the Aquatic Animal Health Code 
(World Organisation for Animal Health 2007). Detailed guides on import 
risk analysis for terrestrial animals are also available (Murray 2004a, b). A 
detailed review of the application of risk analysis in aquatic animal health 
management is presented by Peeler et	al.	 (2007). This review provides an 
historical perspective, a summary of risk analyses conducted in this field, 
and a critical overview of current problems and future challenges.

An	introduction	to	import	risk	analysis	for	aquatic	animals
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Biosecurity – a view from the ornamental fish industry

Keith Davenport
Ornamental Aquatic Trade Association, 1st Floor Office Suite, 
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Abstract

The	ornamental	fish	industry	is	global	in	scope.	The	UK	is	a	major	importer	
of	ornamental	 fish	from	many	countries	around	the	world.	Since	1998	Koi	
Herpesvirus	 (KHV)	has	adversely	 impacted	 the	 trade	both	 in	 the	UK	and	
more	widely.	Ornamental	Aquatic	Trade	Association	 (OATA)	 based	 in	 the	
UK	 has	 (in	 association	with	 Fisheries	 Research	 Service	 (FRS)	Aberdeen)	
produced	a	document	 that	provides	participants	 in	 the	 industry	with	a	key	
reference	to	basic	concepts	of	biosecurity	and	disease	prevention	.	A	compre-
hensive	list	of	risk	reductions	strategies	is	supplied.	Further	a	series	of	self	
assessment	questionnaires	enables	a	semi	quantitative	appraisal	of	your	own	
site	or	that	of	your	supply	and	as	required	the	supply	chain	between	the	two.

The ornamental fish industry and the hobby it supports

It is estimated that the ornamental fish industry in this country supports retail 
sales (including dry goods) of in the region of £400 million p.a. and employs 
over 10,000 people. Over 4 million households (almost 17% of the total) 
in the UK (PFMA) own ornamental fish, keeping them in either ponds or 
aquaria. Ornamental fish are the third most popular pet group after cats and 
dogs. Therefore it can be said that the hobby and industry contributes to both 
the economic and social fabric of the country.

Origins of ornamental fish

Ornamental fish and other aquatic organisms are imported from approxi-
mately 50 countries worldwide. During 2006 over 60% by value of these 
imports came from just three source countries namely Singapore (35.9%), 
Japan (13.6%) and Israel (11.6%). Imports from China (including Hong 
Kong), Malaysia, the USA and Sri Lanka between them accounted for a 
further 17% by value of total imports (HM Customs). 

The UK, Germany, France and Holland are the biggest importers of orna-
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mental fish in the EU being responsible by value for 28%, 22%, 14% and 
12% respectively (Eurostat).

Impact of disease on the industry

The ornamental fish industry relies on delivering live, healthy aquatic organ-
isms to the public. There is no value in dead fish and there are, at least, 
increased costs associated with the delayed retail sales of those that are dam-
aged or diseased and so become unsightly. 

The impacts of disease on the ornamental fish industry are easily illustrated 
by reviewing imports to the UK from Israel following the outbreak of koi 
herpes virus in 1998. Compared to 1997 the quantity of ornamental fish 
imported from Israel (in terms of freight weight) reduced by 30%, 43% and 
almost 60% in 1999, 2000 and 2001 respectively. Given that significant 
quantities of goldfish (Carassius	auratus) and tropical fish species are also 
exported from Israel, the impact on the trade in KHV susceptible koi carp 
(coloured varieties of Cyprinus	carpio) was even more significant. This fall 
in imports demonstrates a clear willingness in the industry to buy around 
problems that it can identify. 

Lessons learned from the 1998 KHV outbreak were consolidated into a docu-
ment published in December 2001 and distributed globally by OATA (OATA). 
This document was updated as Department of Environment, Fisheries and 
Rural Affairs (DEFRA) made KHV notifiable in May 2007 (CEFAS)

“Biosecurity and the ornamental fish industry – Future proofing the 
industry”

This document (produced with assistance from FRS Aberdeen) runs to 
almost 200 pages in length and provides a comprehensive source of infor-
mation and tools to address biosecurity issues. It is written in terms that can 
be readily understood by members of the industry thus it is definitely not a 
comprehensive scientific tome. 

It does not seek to tell businesses what they “must” do but gives them the 
information to decide for themselves what action (or inaction) is appropriate 
for them. 

Chapter headings which give a reflection of the information content and are:

Biosecurity	–	a	view	from	the	ornamental	fish	industry
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•	 What is biosecurity?
•	 Risk Analysis?
•	 Deciding which diseases you want to control
•	 Keeping the bad bugs out!!
•	 Stopping the bad bugs spreading!!
•	 Fundamental issues (pathogen and disease characteristics)
•	 System or farm management
•	 Disinfection
•	 Identifying diseases
•	 Treatments

Further information is available in appendices which cover the OATA Water 
Quality Criteria, Euthanasia, Disposal of clinical waste, Lethal dose of UV 
for a variety of organisms, Efficacy of ozone-typical dosage and reaction 
times for a variety of organisms, Veterinary medicines, National and inter-
national law, DEFRA’s advice on avoiding Spring Viraemia of Carp (SVC), 
Emergence of infections, Zoonoses and sources of Further help.

The document seeks to improve the industries understanding of, and ability 
to apply, the principles of biosecurity to any business anywhere globally. The 
principles are generic and could be used by any industry in the fish sector. 
In the context of the UK they will help businesses in the sector develop the 
equivalent of the “farm health plan” envisaged by the UK Animal Health 
and Welfare Strategy. It will also contribute to each businesses ability to 
address the “need” of each vertebrate animal to be protected from disease 
(as required by the Animal Health and Welfare Act 2006 in Scotland and the 
Animal Welfare Act 2006 in England and Wales).

Definitions

In today's climate the term “biosecurity” has a wide range of uses and con-
notations that can tend to mystify rather than clarify. Thus biosecurity is 
defined as “The sum of all procedures in place to protect ornamental aquatic 
organisms (fish, invertebrate or plant) from contracting , carrying or spread-
ing disease’. This can be simplified by equating biosecurity directly to the 
every day term “disease prevention”. In turn this is divided into three phases: 
“Deciding which diseases you want to control" (Which bugs are bad?), 
“Deciding how to keep the bad bugs out!!” and if that fails “Stopping the 
bad bugs spreading!!!” .

K.	Davenport
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When selecting a site an emphasis is placed on using The  European Union 
(EU) “Approved Model”. While the key precepts are listed in the text the 
key points are emphasised in full-page cartoon. The purpose is not to over 
simplify but make the information rapidly accessible to those without the 
time or inclination to read another page of text.

By putting the central concepts of biosecurity in everyday language the 
report is itself partially fulfilling the risk communication element of the risk 
analysis process.

The business case for biosecurity 

Another section entitled “Risk and supply chain characteristics” examines the 
impact the number of businesses in a supply chain might have on biosecurity 
and on the likelihood of an infection affecting a business. The chances of a 
pathogen causing a problem in different types of supply chain are calculated. 
The impact of the prevalence of the pathogen, and of disease prevention meas-
ures applied with different levels of stringency, are calculated and laid out in 
tables. Thus a business can see that if they purchase from supply chains with 
more farms, exporters or wholesalers, and/or in which there is a higher preva-
lence of the pathogens about which they are concerned, the risk increases, and 
can be quantified. Equally the reduction of risk achieved by varying the num-
bers of suppliers in a chain and applying effective measures such as treatments, 
monitoring and preventative acclimatisation can be calculated.

Thus each business can see a direct relationship between biosecurity meas-
ures applied (or not) and the likelihood of facing losses caused by diseases. 
This is designed to enable businesses to identify the costs of diseases and 
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CLEAN DIRTY
Working clean to dirty is a potentially important part of a biosecurity plan. Throughout 
the report cartoons tables and graphs are used to break up pages of text and keep 
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the benefits of applying disease measures. In the future it is hoped that a 
simple “what if” risk calculator can be added to the OATA website to enable 
members to better utilise these techniques.

Approach – information

The document does not seek to re-invent the rules, merely express them in 
terms that are comprehensible within, and applicable to, the ornamental fish 
industry. Most of the text provides information that, though not original, is 
presented in a manner that is more approachable by the layman. Thus it is 
interspersed with boxes and cartoons to emphasise key facts or concepts. 

The first to appear in the text is that “prevention is better than cure”. This 
point is emphasised by the section “Three truisms worth remembering”. 
These are listed as:

•	 If a pathogen is not present on a site it can’t cause disease on that site

•	 If a pathogen is not present on a site it can’t be transmitted from that 
site.

•	 If a pathogen is present at a suppliers site then better it remains there: 
curative treatment to eradicate the pathogen prior to fish leaving that 
site might be required. 

Approach – tools

The key tools included in the document are a series of risk reduction strate-
gies and questionnaires- these are considered in more detail below.

In the body of the document there is also consideration of the use of risk 
evaluation tables, a decision tree for determining which pathogens are of 
concern and HACCP.

Risk reduction strategies

A comprehensive list of risk reduction strategies (as well as a list of possible 
control points) is included. However, they are considered of secondary impor-
tance to using the “Questionnaires” to appraise and review all aspects of the 
biosecurity of a site or business. Using risk reduction strategies can become 
an unthinking application of a “recipe”. Of course not all pathogens are iden-
tical, thus a “one size fits all” approach may meet with limited success. 

K.	Davenport
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Questionnaires 

Questionnaires may be used to :

Decide each businesses attitude to risk: the extremes ranging from 
“Prepared to invest in comprehensive, effective bio security measures” down 
to “Prepared to fund the costs of any outbreak of disease”. This ensures that 
whatever policy is adopted by a business, it is entered into consciously rather 
than casually because this issue has not been thought through. In effect it 
asks each business to identify its own acceptable level of protection.

Identify pathogens of concern to your business: this assists each business 
to decide the pathogens they are most concerned about by incorporating the 
use of risk evaluation tables. This questionnaire also focuses on identifying 
the costs of a disease outbreak caused by a particular pathogen, and aspects 
of its biology that might facilitate its exclusion from, or control, at any site.

Assessment of pathways by which pathogens may enter a site: encour-
ages a review of what and how materials enter each site and identify key 
pathways of entry for pathogens of concern. It also asks that the respondent 
identify preventative measures and review the efficacy of them.

Site biosecurity appraisal: allows every business to make a semi quan-
titative assessment of the biosecurity provisions either on a suppliers or 
their own site. The response to questions is rated on a 1 to 9 scale (1 being 
least and 9 being most biosecure) by comparison with a number of options. 
Questions concerning the “Supply chain” “Livestock and livestock sources” 
Preventative acclimatization” (a term preferred to quarantine) “Water source 
on site” “Water flow management” “Aquarium or pond management” 
“Water Quality” and “Health monitoring” and “Fish treatments”. 

This technique is employed to permit those elements of an operation, with 
which the highest risks are associated to be identified and an overall semi 
quantitative assessment of a site or supply chain to be made. These results 
can be used to compare sites or chains with others or to identify changes to 
be made and any improvements monitored over time.

Other biosecurity initiatives by OATA

While biosecurity is usually a term most closely associated with diseases 
OATA has interpreted it to include non native species issues. To that end 
over the last decade it has produced posters informing customers that “Fish 
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EU approved farm model

A lighthearted representation of the key issues behind the EU Approved farm model 
serves to emphasise and reinforce a point.

Water supplied 
from borehole well 
or spring

Site free from 
flooding

Regular fish
 health checks

Good records kept

No fish from lower 
health status farm 
introduced

Routine checks 
and reports

No fish allowed to 
swim in from rivers 
or lakes

Healthy fish exported or sent out to customers
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belong..” in ponds and aquariums and should never be released to the wild, 
and another entitled “Keep your pond plants in the garden”. Most recently a 
message has been printed on plastic bags used carry fish home (some 2 mil-
lion of which are sold annually) stating:
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Abstract

Three	 herpesviruses	 infecting	 cyprinid	 fishes	 (CyHV)	 are	 currently	 recog-
nised.	The	most	serious	of	these,	Koi	HerpesVirus	(KHV,	CyHV-3),	causes	a	
severe	disease	and	mass	mortalities	in	populations	of	common	carp,	and	is	
believed	to	have	been	present	in	England	since	1996.	The	CEFAS	(Centre	for	
Environment,	Fisheries	and	Aquaculture	Science)	laboratory	is	involved	in	
standardising	PCR	(Polymerase	Chain	Reaction)-based	diagnostic	tests	for	
this	disease	and	organises	an	international	ring	test	to	validate	KHV	PCR	
protocols.	At	present,	the	disease	can	only	be	reliably	detected	in	clinically	
affected	fish,	but	Cefas	is	attempting	to	develop	tests	to	detect	carrier	fish.	
Research	also	continues	at	the	laboratory	to	assess	the	effect	of	the	disease	
on	wild	and	fishery	carp	populations.	KHV	was	made	notifiable	in	England	
and	Wales	in	April	2007	and	no	licensed	vaccines	are	currently	available.
Cyprinid	herpesvirus	2	(CyHV-2)	is	a	disease	of	goldfish	and	its	varieties,	
and	 has	 caused	 disease	 outbreaks	 in	 England	 and	Wales.	 PCR	 assays	 to	
detect	CyHV-2	are	also	being	evaluated	at	Cefas.

Cyprinid herpesvirus

Three cyprinid herpesviruses (CyHV) are currently recognised in the family 
Herpesviridae. The virus causing carp pox (CyHV-1), herpesviral haemat-
opoietic necrosis (HVHN, CyHV-2) and koi herpesvirus (KHV, CyHV-3).

Koi herpesvirus

Koi herpesvirus (KHV) causes a severe disease and mass mortalities in 
populations of common carp (Cyprinus	carpio	carpio), koi carp	(Cyprinus	
carpio	koi) and ghost carp (Cyprinus	carpio	goi). The disease is temperature 
dependent (optimal range15°–28°C) and survivors can become virus carriers 
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(St-Hilaire et	al. 2005). Carp are often raised in polyculture with other fish 
species, but no signs of disease or mortalities have been reported in other 
species, either under normal polyculture conditions or following experimen-
tal infections. However, there is evidence from investigators in Germany 
that other fish species may become infected during KHV disease (KHVD) 
outbreaks in carp (Bergmann et	al. 2006).

The first major outbreaks of KHVD were seen in Israel in the late 
1990s. Since then the disease has spread rapidly around the world and 
devastating losses have occurred in both intensive and extensive carp 
culture facilities. The most severe disease outbreaks have been reported 
in Asia and in particular in Japan and Indonesia. Although initially the 
disease was seen to have most impact on the ornamental carp trade, 
more recent years have seen disease outbreaks in populations of common 
carp cultured for food (Haenen et	 al. 2004) and in wild carp (Haenen 
and Hedrick 2006). In the United States of America (USA), KHVD has 
been reported in ornamental carp in at least 14 states and the first major 
outbreaks of disease were seen in wild/feral carp in 2005. Most countries 
in western Europe have now seen KHVD and severe disease outbreaks 
have been reported on carp farms in Germany and Poland (Haenen et	
al. 2004, Bergmann et	al. 2006) and in carp angling waters in England 
(Environment Agency 2006). 

KHV in the UK
Analysis of archive histological tissue samples for the presence of viral 
DNA has provided evidence for the presence of KHV in England since 1996 
(Haenen et	al. 2004). The tissues were sampled from carp held at a site deal-
ing in imported koi and until 2003, KHV had only been detected and isolated 
from sites in the UK holding imported ornamental carp prior to 2003. From 
2003 to 2005, Cefas detected KHV in common carp, during investigations 
into large summer mortalities of carp in a small number of angling waters. 
Then in 2006 KHVD outbreaks were reported and confirmed at 23 sites in 
the midlands and south of England after a rapid rise in water temperatures 
during very warm weather in June (Environment Agency 2006).

Diagnosis of KHV infections
A record of clinical signs is important for diagnosis of KHVD and descrip-
tions of behavioural and clinical signs of the disease have been reported else-
where (Haenen et	al. 2004, Way 2004). The most prominent and consistent 

Koi	herpesvirus	and	goldfish	herpesvirus:	an	update	of	current	knowledge	and	
research	at	Cefas.



Fish Veterinary Journal • Number 10 • 2008 64

gross pathology seen is extensive gill necrosis but other disease signs may 
vary. Many of the common carp mortalities examined during major KHVD 
outbreaks in New York State, USA and in southern England exhibited exten-
sive haemorrhaging on the skin (Figure 1). This has only been occasionally 
reported as a clinical sign during outbreaks of KHVD in koi carp at orna-
mental fish dealer sites. 

Methods for diagnosis of KHV infection have been reported elsewhere 
(Haenen et	al. 2004, Way 2004). Gill, kidney, and spleen are the organs in 
which KHV is most abundant during the course of overt infection (Gilad et	
al. 2004) and all should be sampled for virological analysis. Virulent virus is 
shed via faeces, urine, gill and skin mucus. Studies at Cefas and elsewhere 
(Dishon et	al. 2005) have also shown that KHV can be detected in samples, 
of blood, mucus and faeces.

Microscopic examination of formalin-fixed tissue sections can reveal nucle-
ar changes associated with herpesvirus infection but specific pathology may 
be obscured by secondary parasite and bacterial infections. 

For virological analysis, KHV can be isolated in carp cell cultures, such as 
koi fin (KF-1) and common carp brain (CCB) cells but isolation is unreli-
able as the cell cultures are not very sensitive to the virus and are often not 
sufficiently robust for routine diagnostic use.

K.	Way

FIG 1: Extensive haemorrhaging on the skin seen during carp mortalities from KHV 
disease.



65 Fish Veterinary Journal • Number 10 • 2008

Detection of KHV by PCR
The most sensitive diagnostic tool available is amplification and detection of 
virus DNA by PCR (Haenen et	al. 2004). However, a number of diagnostic 
laboratories around the world have developed PCR assays and there is now a 
need to standardise and validate the most sensitive and reliable assays.

For example, in 2005 a PCR developed in Israel, based on the thymidine 
kinase (TK) gene of KHV, was reported to be more sensitive than published 
PCR methods available (Bercovier et	al. 2005). Also, in Japan, previously 
published PCR assays have been improved and have been incorporated in 
the official Japanese guidelines for the detection of KHV. The loop-mediated 
isothermal amplification (LAMP) method has also been adapted to detect 
KHV. This PCR method requires no specialised laboratory equipment and 
is relatively simple to perform. A LAMP assay, based on the KHV TK 
gene, has been developed in Japan and shown to be as sensitive as a PCR 
method developed by the same researchers, but was more rapid than the PCR 
(Gunimaladevi et	al. 2004).

KHV PCR proficiency ring-trial 
Many diagnostic laboratories recognize that validation of standardized PCR 
protocols, by method testing ring trials in other laboratories around the 
world, is an important step in the selection of robust and reliable assays. In 
2006 Cefas co-ordinated a KHV PCR ring-trial as part of a Department of 
Environment, Fisheries and Rural Affairs (DEFRA)-funded research project. 
Initially participating laboratories were asked to incorporate the PCR primers 
recommended by Cefas into their existing standard PCR assays and compare 
them with the primers that they currently use. This is because laboratories that 
have been running PCR assays for many years tend to have traditional assay 
protocols and parameters that fit well with their other PCR assays for other 
pathogens. However, all of the laboratories were urged to trial the standard-
ised protocols used at Cefas Weymouth and details of the DNA extraction and 
PCR protocols were supplied to all potential participating laboratories.

Twenty two laboratories, from 20 countries around the world, agreed to par-
ticipate in the 2006 ring trial and results have been received from 21 of those 
laboratories. All laboratories correctly detected KHV DNA in the samples 
with at least one of the PCR protocols trialled. The standardized protocol 
using the Bercovier TK primers was found to be most reliable and has been 
included in the new KHVD chapter in the OIE Manual of Diagnostic Tests 
for Aquatic Animals (2007).

Koi	herpesvirus	and	goldfish	herpesvirus:	an	update	of	current	knowledge	and	
research	at	Cefas.
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Problems in identifying KHV-carrier fish
Currently, the published diagnostic methods, including PCR, are only able to 
detect KHV in clinically affected fish. Some of the more sensitive nested and 
real-time PCR assays are capable of detecting viral DNA at sub-clinical lev-
els but their suitability for routine diagnosis of KHVD needs to be validated. 
However, the aspect of KHVD diagnosis that most concerns researchers is 
the difficulty in confirming the presence/absence of the virus in apparently 
healthy fish with a latent KHV infection. Information on KHV latency is 
currently lacking but many of the virologists working with KHV accept that 
the virus may behave similarly to other herpesviruses and have the ability to 
enter a latent state. More information on the structure of the KHV genome 
is needed, as it is possible that PCR assays will need to target specific genes 
found in the latent genome. Further research is also required to establish the 
site of a latent or persistent infection (i.e neurones, lymphoid tissue) and 
optimise the diagnostic sampling.

Detection of KHV antibody is currently the only method of determining pre-
vious exposure to the virus if the viral DNA is not detectable by PCR-based 
methods. High titres of circulating antibodies are produced by carp that have 
survived a KHV infection (Adkison et	 al. 2005). Enzyme immunoassays 
(ELISA) have been developed in Israel, the USA and at Cefas to detect anti-
body to KHV (Adkison et	al. 2005, Ronen et	al. 2003, St-Hilaire et	al. 2005). 
The ELISA developed at Cefas has been used to detect antibody to KHV in 
koi and common carp that have survived both experimental and natural KHV 
infections and in vaccinated carp.

KHV research studies at the Cefas Weymouth laboratory
Defra is currently funding research studies at CEFAS to assess the impact of 
KHV on wild and fishery carp populations in the UK. This includes studies 
on persistence of the virus and reactivation of disease in common carp. In 
co-habitation challenge experiments, reactivation of the virus occurred sev-
eral months after initial exposure to KHV and appeared to be temperature 
dependent (St-Hilaire et	al. 2005). Other studies are being conducted to con-
firm reports from other research groups (Bergmann et	al. 2006) of detection 
of KHV in a range of coarse fish species other than C.carpio. 

Studies continue on the development and improvement of assays to detect 
KHV. Techniques to improve diagnosis of KHV have included optimisation 
and standardisation of PCR protocols (Hartshorn et	al. 2006) and develop-
ment of more sensitive PCR assays to enable detection of KHV in sub-
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clinical carrier fish. This includes the use of nested-PCR, real time-PCR and 
Reverse Transcriptase-PCR for detection of KHV DNA or mRNA in covertly 
infected (carrier) carp and also in other fish species.

Research is also progressing on the identification of genetic markers to 
differentiate strains of KHV. A new KHV variant has been detected during 
diagnostic investigations at carp fishery sites in England in 2006. The vari-
ant DNA was amplified using a nested PCR assay with generic primers that 
target the polymerase gene of cyprinid herpesviruses and shares 96% nucle-
otide identity with the published, partial, gene sequence. More specific PCR 
assays to detect the variant will be developed and the new primer sequences 
will be circulated to other European national reference labs.

The research tools that have been developed at Cefas include an in	 situ 
hybridisation (ISH) assay for localisation of KHV DNA in infected tissues 
and a modified PCR assay for detection of DNA in archive fixed and par-
affin-embedded tissue (archive-PCR, Dixon et	al. 2004). The archive-PCR 
has been successful in detecting and confirming KHV DNA in paraffin-
embedded koi carp tissues sampled during disease outbreaks in 1999 and 
1996. Other studies at Cefas have investigated non-lethal sampling methods, 
including serological techniques such as the ELISA for detection of KHV 
antibody in carp serum mentioned previously. Other non-lethal methods 
have also been investigated and used to successfully detect virus DNA or 
antigen in samples of whole blood, blood leucocytes, mucus and faeces from 
clinically infected carp (Bergmann and Way 2006).

Legislative status of KHV
The Office International des Epizooties (OIE) – the World Organisation 
for Animal Health – has added KHVD to the list of serious diseases whose 
occurrence must be reported to the OIE by the official services of its mem-
ber countries. This followed expert assessment that the characteristics of the 
disease met the OIE listing criteria. Guidelines for safe international trade in 
KHVD-susceptible species are now given in the OIE Aquatic Animal Health 
Code (2007), and methods for surveillance and diagnosis of the disease are 
given in the OIE Manual of Diagnostic Tests for Aquatic Animals (2006). 
Cefas, Weymouth is one of two OIE reference laboratories for KHVD, the 
other being the Fisheries Research Agency in Yokohama, Japan. The EU is 
likely to follow the OIE guidelines, and KHVD is currently listed for EU 
wide control in the new Aquatic Animal Health Directive (2006/88) which 
will be applied from August 2008. KHV disease was made notifiable in 
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England and Wales from 6 April 2007 through the Diseases of Fish (England 
& Wales) Order 2007 and arrangements for controlling the disease were 
announced by Defra on 21 May.

Vaccine development
No KHV vaccines are currently licensed for use in Europe. However, the use 
of an attenuated virus vaccine has been authorised, under emergency meas-
ures, for use in Israel (Perelberg et	al. 2005). The virus was attenuated by 
serial passage 26 times in cell culture followed by UV irradiation and selec-
tion by cloning. The virus is UV irradiated to induce mutations and minimise 
the risk of reversion to virulence. The attenuated vaccine, administered by 
intra-peritoneal injection or by immersion, has been shown to protect the 
fish from a KHVD challenge that caused 95% mortality in non-vaccinated 
control fish. The vaccine has also been shown to induce antibody against the 
virus, but the duration of the protection is unknown.

Elsewhere, studies on KHV vaccines are being conducted at Mie and Tokyo 
Universities in Japan and at North Carolina State University in the USA 
(Haenen & Hedrick 2006). Novartis Animal Health in Canada is also devel-
oping a KHV vaccine. Recently, Henderson Morley in the UK announced the 
start of field trials of a candidate vaccine in collaboration with the Hagerman 
Aquaculture Research Institute, Idaho USA.

Goldfish herpesvirus

A herpesvirus that has been associated with disease outbreaks in goldfish is 
Cyprinid herpesvirus 2 (CyHV-2). The disease, also known as herpesviral 
haematopoietic necrosis (HVHN) was first reported as the cause of epizoot-
ics in juvenile goldfish in Japan in 1992 and 1993 (Jung & Miyazaki 1995). 
Further reports followed of similar disease outbreaks, with high mortality 
(50–100%), in the USA, Taiwan and Australia (Goodwin et	al. 2006). 

CyHV-2 in the UK
Disease outbreaks were first recognised at linked retail outlets in the south 
and west of England in summer 2002 and persistent low-level mortalities 
(~20%) were also reported at the same outlets in each of the three following 
summers 2003–2005 (Jeffery et	al. 2007). Further outbreaks were also con-
firmed at a small number of hobbyists ponds in England and Wales in 2005 
and 2006. However, analysis of archive fixed-tissues at Cefas has identified 
CyHV-2 in samples from a disease outbreak in 1996. 
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Clinical disease signs
Disease signs associated with goldfish herpesvirus are seen when water 
temperatures rise above 15°C. The signs are similar to those seen in carp 
with KHVD and include lethargy, anorexia and pale patches on the skin and 
gills. Internally the liver is often pale and the kidney and spleen are enlarged 
with distinctive white nodules also seen in the spleen (Figure 2). Under the 
light microscope stained sections of gill tissue show fusion and necrosis of 
secondary lamellae and necrosis is also evident in the lamina propria and 
mucosal layer of the intestine. Necrotic lesions are also very evident in 
kidney and spleen tissue and typical nuclear changes associated with herpes-
virus are readily observed.

Diagnosis of CyHV-2 infections
At Cefas the virus was successfully isolated in KF-1 cells but could not 
be cultured beyond the first subculture. Consequently, the virus isolated in 
KF-1 cells has been characterised using molecular genetic methods. The 
diagnostic detection method favoured at Cefas is a PCR assay using one of 
two primer sets based on polymerase and helicase gene sequences conserved 
between the three cyprinid herpesviruses. PCR products are identified by 
sequence analysis and all goldfish herpesvirus isolates at Cefas have shared 
100% nucleotide sequence identity with the published sequence for CyHV-2 
(Waltzek et	al. 2005). Studies at the University of Arkansas at Pine Bluff 
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FIG 2: Goldfish affected with CyHV-2 showing enlarged spleen with white granular 
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have resulted in the development of a highly sensitive and specific, real-time 
(Taqman) PCR assay (Goodwin et	 al. 2006). This is a quantitative assay 
that can differentiate between active and carrier levels of infection and has 
been used to detect CyHV-2 in clinically infected fish and also in apparently 
healthy juvenile goldfish and broodfish. Results from a survey of goldfish 
cultured in commercial farms using real-time PCR has suggested that CyHV-
2 is widespread in the USA (Goodwin pers. comm.).

Susceptible fish species
The disease affects only goldfish (Carassius	auratus) and its varieties e.g. 
(shubunkins and comets). No other fish species has been reported to be 
affected by the disease. Experimental studies at Cefas have shown that the 
disease is not transmitted from CyHV-2-infected goldfish to crucian carp 
(Carassius	carassius) and virus DNA could not be detected in the crucian 
carp exposed to CyHV-2. In studies at the University of California, Davis, 
goldfish x common carp hybrids showed high resistance to infection with 
CyHV-2 and CyHV-3 (KHV). However, both viruses persisted in tissues for 
at least 25 days post exposure (Hedrick et	al. 2006).

 Development of hybrids with increased resistance has been suggested as a 
potential control method and to reduce losses from serious fish pathogens. 
Further studies on the biology of cyprinid herpesviruses and their host rela-
tionships are needed to determine if hybrids are truly resistant and will not 
present an opportunity for these viruses to cross species-barriers. For exam-
ple, many crucian carp populations in the UK are known to be hybridised 
with goldfish to different extents. If CyHV-2 can infect and cause disease 
in a hybrid population could the virus released be pathogenic to pure-bred 
crucian carp ?
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Response in Atlantic salmon Salmo	salar affected by 
pancreas disease to pancreatic enzyme replacement 
therapy
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William Scotland PH33 7PX, andrew@vetaqua.co.uk

Abstract

In	a	series	of	trials,	farmed	Atlantic	salmon	affected	by	pancreas	disease	in	
the	period	following	transfer	to	sea,	were	treated	with	proprietary	mammalian	
exocrine	pancreatic	enzymes	 incorporated	 in	 feed.	There	were	statistically	
significant	differences	between	trial	and	control	groups	in	food	conversion	
ratio,	specific	growth	rate	and	condition	factor.	Appetite	improved	in	all	fish	
but	especially	in	those	receiving	therapy,	‘normal’	fish	did	not	benefit	from	
treatment	and	performance	improvements	were	sustained	only	for	the	period	
of	 treatment.	 It	was	concluded	 that	 the	provision	of	exogenous	enzymes	 in	
affected	fish	was	successful	in	replacing	endogenous	secretions.

Introduction

Pancreas disease (PD) is a significant condition of farmed Atlantic salmon 
(Salmo	 salar) affecting fish at any stage of the marine grow-out cycle. 
The disease has been recorded in the major salmon farming regions in the 
northern hemisphere. It was first described in Scotland in 1976 (Munro 
et	al. 1984) and thereafter in Ireland and Norway; PD has been described 
only once in North America but not yet in Chile. Early descriptions of the 
condition suggested an infectious aetiology and this was confirmed in 1995 
(Nelson et	al. 1995). Subsequent investigations have demonstrated that the 
viral agent belongs to the genus Alphavirus within the family Togaviridae. 
Alphavirus infections in salmonids have recently been comprehensively 
reviewed (McLoughlin & Graham 2007).

Exocrine pancreatic necrosis was the only histopathological lesion described 
in the first report of PD in Scotland (Munro et	 al. 1984) but subsequent 
descriptions demonstrated the range of pathologies which could accompany 
infection. The loss of pancreatic exocrine function explains in part one of 
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the hallmark clinical signs of PD, i.e. loss of condition, and the appear-
ance in the population of thin fish. Attempts to treat affected populations 
have been largely unsuccessful, relying mainly on palliative measures to 
minimise stress. The pathology of PD bears some resemblance to exocrine 
pancreatic insufficiencies in dogs (Sateri 1975) and the clinical signs in dogs 
may be relieved by the provision to affected animals of exogenous pancreatic 
enzymes (Hall et	al. 1991). Rodger (Rodger et	al. 1995) reported an appar-
ent lack of response in Atlantic salmon suffering from pancreas disease, to 
exogenous pancreatic enzyme replacement therapy.

This paper describes in full, three trials conducted in 1990 and first reported 
in 1995 (Grant 1995) of the treatment of PD affected fish with proprietary 
mammalian pancreatic enzymes.

Materials and methods

A Scottish west coast marine farm was stocked with 400,000 healthy S1 smolts 
from a variety of freshwater origins in April of Year 1. The remains of the 
previous year class (in which PD had been diagnosed on the basis of typical 
clinical and histological signs), were finally harvested in December of Year 1.

In June of Year 1, clinical signs characteristic of PD (McLoughlin 2007) 
were observed in several cages and by the end of Year 1, a significant propor-
tion of the population was underweight with respect to the mean weight and 
condition factor (CF) for the farm, and the food conversion ratio (FCR) was 
above the mean for the whole year class. Tissue samples were fixed in 10% 
buffered formalin, wax embedded, sectioned and stained with haematoxylin 
and eosin. Diagnosis was made on the basis of histopathogical changes in 
the pancreas and other organs No inter-current disease was detected and sea 
lice burdens were deemed low to moderate throughout the grow-out cycle. 
Mortality and water temperature were recorded as a matter of routine and 
appetite (feeding response) was assessed during hand feeding and quantified 
by food fed. No fish which received Pancrex entered the food chain.

Statistical analyses

Statistical analyses of cumulative mean SGR (Specific Growh Rate) was by 
one-way analysis of variance (ANOVA). The potential relationship in Trial 
1 between start weight and condition factor and subsequent growth was 
investigated using linear regression.

Response	in	Atlantic	salmon	Salmo	salar	affected	by	pancreas	disease	to	pancreatic	
enzyme	replacement	therapy
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Trial 1: 56 days (20th March–15th May)

The objective of Trial 1 was to determine the effect of supplementing feed 
with Pancrex in a group of fish in which PD had been diagnosed.

In March of Year 2, 9 months after diagnosis, a pen of fish in which there 
was a visibly broad weight range, was selected. From this pen, fish were 
allocated into one of two groups (control or trial) in an adjacent divided steel 
pen as shown in Figure 1.

Each fish was weighed, measured and given a unique dye mark. The selec-
tion of fish was designed to produce a range of weights in each group, 
control group fish 1–20 (‘normal’) were at the upper end (960–2490g mean 
1630g) of the weight range, and control group fish 21–114 (‘thin’) at the 
lower (300–980g mean 561g) end. Trial group fish 1–20 were at the upper 
end (970–2180g mean 1529g) of the weight range and trial group fish 
21–114 at the lower (320–920g mean 533g) end. Condition factor (CF) was 
calculated for each fish.

PD affected cage

114 Fish
Control
Group

Control
Diet

114 Fish
Trial

Group

Control
Diet +

Pancrex
2% w/w

FIG 1: Trial 1 design
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The control group was fed a standard (15% oil) production diet in general 
use at the time at 0.4–0.6% biomass daily. The trial group was fed the same 
diet at 0.4–0.6% biomass daily to which was added Pancrex* (Paines & 
Byrne. Protease 1400 units g-1, Lipase 20000 units g-1 and Amylase 24000 
units g-1) at 2% w/w, mixed dry with the feed and bound with fish oil. The 
same amount of fish oil was added to the control diet. On 15th May, each fish 
in both groups was identified, weighed and measured. Fish with indistinct 
dye marks were excluded from the data set. The feeding regimes continued 
for a further 16 days (to 30th May).

Trial 2: 43 days (30th May–11th July)

FIG 2: Trial 2 design

Trial 1
Control
Group

Trial 1
Trial

Group

Group
C1

32 fish
1–5

‘normal’
6–32
‘thin’
Control
diet

Group
T1

43 fish
1–10

‘normal’
11–43
‘thin’
Control
diet
+

Pancrex
2%w/w

Group
C2

42 fish
1–9

‘normal’
10–42
‘thin’
Control
diet

Group
T2

45 fish
1–5

‘normal’
6–45
‘thin’
Control
diet
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The objective of Trial 2 was to examine the effects on performance of with-
drawal of Pancrex from treated fish 

On 30th May, the control and trial groups were further sub-divided, weighed 
and measured, and allocated as shown in Figure 2. The selection of fish was 
designed to produce a range of weights in each group. 

PD was confirmed by histopathological examination of the pancreas of five 
‘thin’ fish.

Groups C1 and C2 continued with the Trial 1 control group feeding regime. 
Group T1 continued to receive the Pancrex supplemented diet as in Trial 1, 
while Group T2 was switched to the control diet on Day 1 of Trial 2. In all 
four groups the daily ration quantity was adjusted for the increment in bio-
mass. On 11th July, each fish was identified, weighed and measured. 

In Trial 2 an attempt was made to subjectively assess pancreas function on 
morphological grounds by examination of stained sections of pancreas of 5 
fish from each of the four groups at the end of the trial. The amount of acinar 
tissue, fat, fibrous tissue and inflammatory infiltrate were scored (blind) on a 
scale of 0–3. It appeared from this assessment that those fish which received 
Pancrex in Trial 1 and 2 (Group T1) or only in Trial 1 (Group T2), had 
higher average scores for acinar (1.6 and 2) and fat tissue (3 and 2.2) when 
compared with control groups (Groups C1 and C2) which had never been 
supplemented (acinar tissue 1 and 1.2; fat tissue 1.2 and 1.2 respectively). 
The average scores in Group T1 and Group T2 were: fibrous tissue 1.6 and 
1.8; inflammatory infiltrate 1.6 and 1.8. The average scores in Group C1 and 
Group C2 were: fibrous tissue 2.5 and 3; inflammatory infiltrate 2.5 and 3.

Trial 3: 49 days (1st August–18th September)

The objective of Trial 3 was to compare the effects of Pancrex supplementation 
at two different inclusion rates with a diet marketed as a PD `recovery` diet.

A pen of fish representing the small grade of the farm population was 
selected for inclusion in this trial. PD was confirmed by histopathological 
examination of the pancreas of five visibly underweight fish. In each of these 
fish the pancreas appeared to be virtually free of acinar cells, with a fibrous 
stroma and inflammatory cell infiltration.

On 11th July, 90 fish were removed from this pen and allocated into each of 
four groups in two adjacent divided steel pens as shown in Figure 3. Each 
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fish was uniquely dye marked, weighed and measured. In the pre-trial period, 
all groups were fed by hand to appetite with high oil (21%) expanded diet.

From 1st August, Group 1 was fed by hand to appetite on a high oil (21%) 
expanded (HOE) diet (Diet 1), Group 2 was fed on the same diet supple-
mented with Pancrex at 0.4%w/w (Diet 2) mixed dry with the feed and 
bound with fish oil. The same amount of fish oil was added to the control 
diet. Group 3 on a HOE 'Recovery' diet (Diet 3), and Group 4 on HOE 
diet supplemented with Pancrex at 0.8% w/w (Diet 4), mixed dry with the 
feed and bound with fish oil. The same amount of fish oil was added to the 
Control diet. The HOE Recovery diet contained partially hydrolysed fish-
meal with extra vitamins C and E which was believed might be helpful to 
fish affected by PD. Fish were individually weighed and measured on 8th 
August and 18th September.

The proteolytic activity of all four diets was assessed in a semi-quantitative 
way by gelatin digestion using un-developed radiography film (Figure 4). 

FIG 3: Trial 3 design
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One gram of each diet was suspended in 10ml NaHCO3 and serially diluted 
to 1 in 10 to 1 in 1280 in a test tube (2 replicates each). An identically sized 
piece of film was placed in each tube and incubated at 30°C for up to 28 
hours. Two positive controls (0.004g Pancrex and 0.008g Pancrex in 10ml 
HCO3 – 2 replicates)) and one negative (NACO3) controls were included 
in the trial. 

There was no digestion at 28 hours in Diet 1 (HOE) or Diet 3 (HOE 
`Recovery`) or negative controls

Statistical Analyses

Differences in cumulative mean SGR for each of the three trials were ana-
lysed for significance by one-way ANOVA. 

In Trial 1, the mean cumulative SGR in the trial group on 15th May was 
significantly (P<0.001 Table 1*) better than in the control group. Cumulative 
mean FCR was markedly improved in the trial group (Table 1**).

Regression analysis of start weight and subsequent SGR in the trial group 
'thin' fish revealed a strong relationship (r2 = 0.02); for the ‘thin’ fish in the 
control group the value was r2 = 0.16. For start condition factor and sub-
sequent SGR, the values were r2 = 0.09 and r2 = 0.07. No relationship was 
found for 'normal' fish.

The 4 diets were assessed 
for proteolytic 

activity using gelatin 
digestion of

un-developed x-ray film.
1g of each diet in 10ml

NaHCO3 and serially diluted
Incubated at 30°C and 
examined at intervals

up to +28 hours for % area
of film digested

Serial dilutions
4 diets

1 in 10 to
1 in 1280
+ controls

A.	Grant

FIG 4: Assessment of proteolytic activity in experimental diets
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In Trial 2, the mean cumulative SGR in Group T1 ‘thin’ fish on 11th July, 
was significantly (P<0.001 Table 2.1#) better than in Group C1 ‘thin’ fish. 
There was no significant difference between Groups C1 and T2. 

Fish in Group T1 had a superior FCR to all other groups though Groups T2, 
C1 and C2 in Trial 2 gained more weight than both groups in Trial 1. The 
cumulative mortality in Group C1 at 11th July was 16%; two fish died in 
Group C2; no fish died in Groups T1 and T2.

In Trial 3, the mean cumulative SGR in Groups 2, 3 and 4 on 18th September 
was significantly (P<0.001 Table 3##) better than in Group 1. Groups 2 and 
3 were not significantly different (P=0.05 Table 3). Group 4 was signifi-
cantly (P<0.001 Table 3) better than Group 2 and Group 3 (P<0.01 Table 
3). Mortality was low in all groups and there was no significant difference 
between groups.

In all trials, appetite was considered to be improved especially in fish receiv-
ing Pancrex supplemented diets. For example in Trial 1, by 27th March(6 
days after the commencement of the trial), the fish in the trial group were 
calculated to be consuming 0.6% of body weight daily on the basis of food 
fed. By contrast the fish in the control group were feeding at 0.5% daily.

Discussion 

The results from all three trials indicate that the provision of exogenous 
pancreatic enzymes to populations in which pancreas disease had been con-
firmed, conferred benefits on growth, condition factor and food conversion 
efficiency. There were highly significant improvements in performance in 
fish receiving pancreatic supplement over control fish but the benefits were 
sustained only while treatment was given (Compare Group T2 in Trial 2 with 
Group T1). There appeared also to be a positive effect on survival though 
all fish benefited from a standard of husbandry and care which is easier to 
achieve in a carefully constructed trial than in a general production setting. It 
was also clear that in Trials 1 and 2, fish selected for inclusion and deemed 
`normal` (that is clinically minimally affected by disease), did not benefit 
noticeably from supplementation suggestion that the preparation used here 
does not have growth promoting properties though this assumption would 
have to be tested in populations demonstrably free of infection. There was 
a perception that the smallest, thinnest fish in Trial 1 benefited most from 
treatment on the basis of an analysis of the relationship between start weight 

A.	Grant
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Response	in	Atlantic	salmon	Salmo	salar	affected	by	pancreas	disease	to	pancreatic	
enzyme	replacement	therapy

TABLE 3: Trial 3       

Group 1
Diet 1 
Control

Group 2
Diet 2
Control
+Pancrex

Group 3
Diet 3 
Recovery

Group 4
Diet 4
Recovery
+Pancrex

Mean Weight (g)
(Total gain)

N=90 N=90 N=90 N=90

11th July 631 714 742 714

8th August 747 867 852 842

18th September 871 
(21600)

1123 
(36810)

1082 
(30600)

1139
(38250)

Mean Condition 
Factor
11th July 0.9 0.9 0.9 0.9

8th August 0.9 1.0 1.0 1.0

18th September 0.9 1.0 1.0 1.1

Cumulative Mean 
SGR
8th August 0.5 0.6 0.4 0.6

18th September 0.3## 0.6## 
(P<0.001)

0.5## 
(P<0.001)

0.7## 
(P<0.001)

Cumulative Mean 
FCR
8th August 2.0 1.7 2.0 1.8

18th September 2.0 1.5 1.6 1.4

## = Statistical Significance
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and condition factor and subsequent growth. However the same analysis 
of healthy grilse did not seem to bear this out and it was assumed that the 
husbandry system somehow disadvantaged this class of fish. It is possible 
that therapeutic intervention at an earlier point after diagnosis than was the 
case here might have produced even better results and this is worth further 
investigation.

Control fish in Trial 2 performed better than those in Trial 1 and this may 
be explained by rising water temperature but may also reflect spontaneous 
recovery. McLoughlin states (McLoughlin & Graham 2007) that the pancreas 
can recover quite quickly following an outbreak. McLoughlin and Graham 
(2007) quoting Munro et	al. (1984); Murphy et	al. (1992) and McLoughlin 
et	al. (2002), comments that, in recovering fish, regeneration of the exocrine 
pancreas appears to take place as early as 4 weeks after infection. The (sub-
jective) observation that, in Trial 2, treated fish had more exocrine pancreas 
and periacinar fat and less inflammation and fibrosis than untreated controls, 
may indicate that Pancrex treatment facilitates this process.

There is a striking difference in outcome between these trials and those 
described by Rodger (Rodger et	al. 1995). This may be explained by trial 
design, timing of therapeutic intervention, the known differences in clinical 

A.	Grant

Table 4: Proteolytic activity of diets in Trial 3

0.004g Pancrex 
in 10ml

NaHCO3
(equivalent to 
Diet 2 – 1 in 

1280)

0.008g Pancrex 
in 10ml

NaHCO3
(equivalent to 
Diet 4 – 1 in 

1280)

Diet 2
Hi-oil +

0.4% Pancrex

Diet 4
Hi-oil +

0.8% Pancrex

100% digestion 
at

+ 2 hours

100% digestion 
at

+ 2 hours

100 % digestion 
at 1 in 160

@ +28 hours

100% digestion 
at 1 in 40

@ + 4.6 hours
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manifestations of PD between Scotland and Ireland at the time and or the 
preparation used. Rodger observes that PD complicated by myopathy may 
be minimally or un-responsive to therapy with pancreatic enzymes. It was 
noted that when cage populations were split into ‘heavy’ and ‘light’ groups, 
the former changed little in weight but the latter group deteriorated, although 
the changes were not statistically significant. It is not possible from the infor-
mation given to compare directly the potency of the two preparations used 
and Rodger sates that the average intake of enzymes in his trial may have 
been insufficient to confer a benefit in performance. The mortality rate was 
high in both trial groups and peaked during the course of the trial. This con-
trasts with the generally low death rate in the trial reported here and this may 
reflect the many other factors which complicate clinical trials in farmed fish. 

It is concluded that the treatment of pancreas disease with exogenous 
enzymes was successful in the conditions of these trials. The marked positive 
response to treatment demonstrates that exocrine failure is a major factor in 
the clinical course of the disease. 
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NEWS

Cefas* Emerging Disease Database

The Emerging Disease Database was established in 2002 to log details of signifi-
cant new and emerging fish and shellfish disease worldwide. A range of sources, 
including Internet newsletters, alerting services and news agency releases (see 
Table 1) is systematically searched for reports of new diseases, new presenta-
tions of known pathogens and known diseases occurring in new geographical 
locations or new host species. Reports from Industry, researchers and fish 
health professionals are welcomed. The use of “soft” datasources, that are more 
immediately available, compliments information provided by the Organisation 
International des Epizooties (OIE) Collaborating Centre for Information on 
Aquatic Animal Diseases website (http://www.collabcen.net), which is focused 
on peer-reviewed publication, to provide rapid alerts to important events.

In a recent review of the data collected in the first 5 years of surveillance 
(Thrush and Peeler 2008), 210 emerging disease incidents in 50 countries were 
summarised. These included 17 new diseases and a further 17 known diseases 
in new species.Viruses and parasites accounted for the majority of reports 
(52% and 24% respectively) and known diseases occurring in new locations 
was the most important category (in which category viruses was dominant). 
The value of the database will increase with time, and in the future will provide 
a resource for investigating long-term trends in disease emergence. Table 2 
tabulates CEFAS alerts from August 2007 to January 2008.

Reference

Thrush M.A. & Peeler E.J. 2008. Monitoring the emergence of fish and 
shellfish diseases using electronic sources. Cefas internal report 
(F1166); 21pp. (available on request – mark.thrush@cefas.co.uk)

For further information on a specific report or an update on previous reports 
email: epidemiology@cefas.co.uk 

To report an emerging disease event, please download a submission form: 
www.cefas.co.uk/4217.aspx 

* Centre for Environment, Fisheries and Aquaculture Science

 NEWS
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The Emerging Disease Database is administered by Cefas and primarily 
includes information distributed by news agency releases, Internet newslet-
ters and alerting services. Cefas is not responsible for the accuracy of the 
information contained in these reports.

Mark Thrush, CEFAS Marine Laboratory, Weymouth, Dorset.

 NEWS

Table 1: Sources of electronic information and surveillance actions

Source Address Output Actions
World Organisation 
for Animal Health 
(OIE)

www.oie.int Alerting service Received as 
released

Disease digest Received weekly
FAS Program for 
Monitoring Emerging 
Diseases (ProMED)

www.promedmail.org Alerting service Received daily +

IntraFish (media 
service)

www.intrafish.com Newsletter Received daily

FIS (media service) www.fis.com Newsletter Received daily
Seafood Intelligence 
(media service)

www.seafoodintelligence.
com 

Newsletter Received daily

International 
Collective in Support 
of Fish Workers 
(ICSF)

www.icsf.net Newsletter 
(Samudra)

Received daily

AquaVetMed 
(veterinary 
association)

www.avma.org Information 
service

Received as 
released

Scientific Forum on 
Fish and Fisheries
(Fish-Sci)

segate.sunet.se/archives/
fish-sci.html

List serve Received daily +

International Food 
Safety Network sur-
veillance archives 
(Kansas State Univ.)

www.foodsafety.ksu.edu List serve 
(AnimalNet)

Received daily +

Centre for Emerging 
Issues (CEI)

www.aphis.usda.gov Website Emerging dis-
ease notices 
checked weekly

National Wildlife 
Health Centre 

www.nwhc.usgs.gov Website Emerging dis-
eases in wildlife 
checked weekly

+ multiple reports received daily
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 NEWS

Table 2: Cefas Emerging Disease Database: August 07 – January 2008

Disease/ pathogen Species affected Location Report date Source Notes Record ID
Large Mouth Bass Virus Largemouth bass United States

(Crawford, KS)
11/08/2007 ProMED First isolation of LMBV in Kansas 205

Viral haemorrhagic 
septicaemia

Rainbow trout Belgium 
(Namur and Liège)

13/08/2007 OIE Reoccurrence of listed disease 206

Undiagnosed mortality Carp
(sp. unspecified)

Canada
(Lake Skugog, Ontario)

23/08/2007 ProMED 208

Herpes-like virus Siberian sturgeon Russian Federation
(Tver Province)

01/09/2007 Bull. Eur. Ass. 
Fish Pathol.

First case of sturgeon-specific virus of 
non-American species

207

Monogenean infection 
(Zeuxapta	seriolae)

Greater amberjack Italy
(Ionian Sea)

01/09/2007 Bull. Eur. Ass. 
Fish Pathol.

Mass mortality of wild fish 211

Undiagnosed mortality Crappie (US) United States 
(Pelican Lake, MN)

15/09/2007 ProMED 209

Undiagnosed mortality Catfish 
(sp. unspecified)

United States 
(Red River, MN and ND)

15/09/2007 ProMED 210

White spot disease
(WSSV)

Shrimp
(sp. unspecified)

India
(Gujarat)

16/10/2007 FIS 212

Bonamiosis 
(Bonamia	exitiosa)

European oyster Spain
(Cambados, Galicia)

17/10/2007 OIE 213

Crayfish plague 
(Aphanomyces	astacti)

Turkish crayfish UK, England
(River Waveney, Suffolk)

22/10/2007 CEFAS 214

Malpeque disease
(unknown aetiology)

Oyster 
(sp. unspecified)

Canada 
(Cape Breton)

08/11/2007 ProMED 219

Viral haemorrhagic 
septicaemia

Rainbow trout Bulgaria 
(Beden, Smoljan)

12/11/2007 OIE First occurrence of VHS in Bulgaria 
since 1996

215

Viral haemorrhagic 
septicaemia

Rainbow trout Norway
(Stranda)

28/11/2007 OIE First occurrence in Norway since 1974 216

Pseudomonas luteola Rainbow trout Turkey 
(Rize)

01/12/2007 Aquaculture Potential zoonotic bacteria - first report 
of P.	luteola infection in fish

218

Bonamiosis 
(Bonamia	ostreae)

European oyster UK, Scotand
(West Loch Tarbert)

05/12/2007 OIE 217

Infectious salmon 
anaemia

Atlantic salmon Chile 
(Aysén, Region 11)

19/12/2007 IntraFish First identification of ISAV in Region 
11

220

Spironucleus salmonicida Atlantic salmon Norway
(unspecified location)

11/02/2008 AnimalNet New fish parasite species described 221

Bonamiosis 
(Bonamia	ostreae)

European oyster UK, England
(North Kent)

15/02/2008 Cefas 222
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(West Loch Tarbert)

05/12/2007 OIE 217

Infectious salmon 
anaemia

Atlantic salmon Chile 
(Aysén, Region 11)

19/12/2007 IntraFish First identification of ISAV in Region 
11

220

Spironucleus salmonicida Atlantic salmon Norway
(unspecified location)

11/02/2008 AnimalNet New fish parasite species described 221

Bonamiosis 
(Bonamia	ostreae)

European oyster UK, England
(North Kent)

15/02/2008 Cefas 222
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World Aquatic Veterinary Medical Association (WAVMA) Update

What does the World Aquatic Veterinary Medical Association (WAVMA) 
plan to do in 2008? Well the first thing to do is build on the momentum of 
last year and continue to build services for members and continue to promote 
the discipline of aquatic veterinary medicine around the world.

For members, the website www.wavma.org is to be redeveloped and 
expanded to increase the scope of relevant information provided and forums 
for timely discussion of pertinent matters, the production of a quarterly 
newsletter which it is hoped might be expanded in to a fully fledged clini-
cal journal and the holding of our second AGM. The AGM will this time be 
held during the World Veterinary Congress in Vancouver (July 27th to 31st). 
The WAVMA has helped organise the aquatics strand and the programme is 
focused on the needs of the veterinary practitioner. There will be a full day of 
activities on Sunday July the 26th when our AGM will be held and keynote 
presentations will be given. A reception will be held on either the Tuesday 
or Wednesday evening providing an opportunity to meet and network with 
colleagues during the Congress. At the end of the official congress, WAVMA 
will be holding a workshop on “contentious issues” to which all will be 
welcome. Further details of this workshop will be placed on our website in 
due course.

To help promote aquatic veterinary medicine, members of the Executive 
board will attend at several meetings including Aquaculture America, the 
IAAAM (International Association of Aquatic Animal Medicine) meeting in 
Rome, the AVMA convention in New Orleans, the WVC (World Veterinary 
Congress) in Vancouver and the FAVA (Federation of Asian Veterinary 
Associations) convention in Bangkok. At some of these meetings WAVMA 
intends to have a booth at the accompanying exhibitions. By providing 
a presence at these meetings the profile of the Association will be raised 
and allow members to meet in person. It is further hoped that from this the 
WAVMA will be able to develop policies to assist in the development of 
aquatic veterinary medicine.

Looking further ahead the WAVMA hopes to increase the amount of CPD it 
offers, provide accreditation for aquatic practitioners and to lobby on behalf 
of the aquatic veterinary community to improve professional status and the 
service we can provide to our clients. As an Allied Veterinary Organisation 
the FVS has the ability to help influence the direction in which the WAVMA 
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will go. One thing FVS still has to do is decide is who will be the WAVMA 
representative to sit on our Advisory Council which helps to formulate 
policy and advise the Executive Board.

There is an increasing need for an international veterinary association to rep-
resent the opinion and provide the professional needs of the aquatic veteri-
nary community and I would encourage all members of the FVS to join the 
WAVMA. Membership application forms can be downloaded from the web 
and further information on the WAVMA can be found at www.wavma.org.

I would like to take this opportunity to thank the FVS for the assistance and 
support it has provided to date.

Chris Walster
Secretary WAVMA

FVS Web Site
The Fish Veterinary Society has a web site which can be found at:

www.fishvetsociety.org.uk

 NEWS
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BACK ISSUES

Copies of earlier issues, except number 1, are still available. The main con-
tents of the last four issues are listed below.

Issue No. 6 (February 2002)
Aerobic microflora of imported ornamental fish from Singapore and South America. 
Part 2: Antimicrobial Resistant Profiles of motile Aeromonads. R. E. del Rio-Rodriguez 
and J. F. Turnbull
Approaches to the eradication of infectious disease from farm animal livestock. R.M. 
McCracken
Integrated lice management on Irish salmon farms. D. Jackson, D. Hassett and L. 
Copley
Red tides, Blue-Green Algae and Toxic Fish – An increasing threat to Animal and 
Human Health? A. Holliman
The European Union and Fish Health – the Brussels Process explained. J. McArdle
Atlantic salmon broodstock and vertical transmission of Infectious Pancreatic 
Necrosis Virus (IPNV). T. Laidler
Infectious Pancreatic Necrosis (IPN) of Atlantic salmon 
Summary of the FVS Meeting in June 2000. M. McLoughlin & B. Weigall
Book Review: Applied Fish Pharmacology. K. Treves-Brown

Issue No. 7 (October 2003)
Zoonotic Disease in Aquaculture Products – An Overview of Legal, Economic and 
Marketing Issues. Scott Peddie & C. Fiona Peddie
Fish vaccination – methodologies and outcomes. L. A. Brown, D. Hunter and R. 
Thorarinsson
Applying Animal Health Economics to Fish Health Management. Scott Peddie & 
Alistair Stott
Mass Marking and Vaccination of Salmon. The feasibility of tagging and vaccinat-
ing all North Atlantic farmed salmon using NMT mass marking technology. David J. 
Solomon
Radiography of Fish. William H. Wildgoose
Surveillance Scheme (SARSS): A Scheme for All Species. Alastair Gray
Rainbow Trout Gastro-Enteritis (RTGE) – first diagnosis in UK. Edward Branson
A note on Koi Herpes Virus (KHV): current situation and issues arising. Chris 
WalsterFish Quality Assurance Schemes. Pete SouthgateBook Review
Book Review:
 BSAVA Manual of Ornamental Fish Second Edition William H. Wildgoose (Editor).
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Issue No. 8 (March 2005)
An overview of fish immunostimulant Research. Scott Peddie and C.J.Secombes
Sampling errors in examining salmon (Salmo salar) for sea lice (Lepeophtheirus sal-
monis (Krøyer) and Caligus elongatus Nordmann) burden: a comparison of methods. 
L. Copley, P. O'Donohoe, D. McGrath and D. Jackson
Minimum inhibitory concentrations to selected antibiotics of motile aeromonads 
isolated from ornamental fish shipments from Singapore and South America into the 
UK. R.E. del Río-Rodríguez and J. F. Turnbull
Microscopic studies of the link between salmonid proliferative kidney disease (PKD) 
& bryozoans. C. McGurk, D.J. Morris, A. Adams
Analysis of a short tail phenotype in farmed Atlantic salmon (Salmo salar). L. Gil 
Martens, A. Obach, G. Ritchie, P.E. Witten
Management of Saprolegnia on the farm – a veterinarian's view. A. Grant
Expert evidence and the role of the expert witness – a practical guide. Á. Maxwell
Ulcer disease in common carp fisheries in the UK. S. St-Hilaire
Investigation of a wild fish kill on the River Tyne. S. St-Hilaire

Issue No. 9 (May 2007)
Bacterial control in live feed improves survival of marine finfish. C. Cutts, J. Sherwood 
and J. Treasurer
Lice infestation pressures on farmed Atlantic salmon smolts (Salmo salar Linnaeus) 
in the west of Ireland following a SLICE® (0.2% emamectin benzoate) treatment. L. 
Copley, P. O’Donohoe, S. Kennedy, D. Tierney, O. Naughton, F. Kane, D. Jackson and 
D. McGrath
Buoyancy disorders of ornamental fish: a review of cases seen in veterinary practice. 
W. H. Wildgoose
Gill disorders: an emerging problem for farmed Atlantic salmon (Salmo salar) in the 
marine environment. H. D. Rodger
The first record of Hysterothylacium sp. recovered from farmed Chinook Salmon 
(Oncorhynchus tshawytscha) in New Zealand. S. Peddie and B. Diggles
Implementation of additional guarantees and results of an epizootic investigation for 
BKD in Scotland. P. D. Munro
Book Review: Skin Diseases of Exotic Pets, Sue Patterson (Editor)
Obituary: Edward John Branson

Back issues are priced at £10 (No.2) and £15 (Nos.3–9). Post and packing: 
no charge in UK. For overseas orders, add £5 for single copies and £10 for 
two or more copies. Payment must be made in £s sterling and cheques made 
payable to ‘The Fish Veterinary Society’. D. Sutherland, Fish Veterinary 
Society, Westside Veterinary Surgery, Bixter, Shetland ZE2 9NA.
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MEMBERSHIP APPLICATION

Eligibility
Membership of the Fish Veterinary Society is open to all members of the 
Royal College of Veterinary Surgeons, to those on the Supplementary 
Veterinary Register and to students studying for a degree entitling them to 
membership of the RCVS. The Society will also consider applications from 
overseas veterinarians and those with an appropriate interest / degree as set 
out in the Constitution of the Society (available on request from Treasurer).

I wish to become a member of the Fish Veterinary society, subject to the 
conditions governing the same as set out in the Constitution of the Society.

I agree to pay my annual subscription in advance on 1st January each year, 
and if at any time I wish to resign from membership, undertake to send my 
resignation to the Honorary Treasurer by 1st December.

Name :

Address :

Telephone : Fax:

e-mail :

University :

Degrees :

Date of graduation :

Fees : £50 per annum (January to December)
 (There is no charge to veterinary undergraduates)

*The sum of £50 is enclosed for full enrolment into the Fish Veterinary 
Society and membership for the current year. Future payments will be made 
by Standing Order each year in January (mandates available from Honorary 
Treasurer)

*I am a veterinary undergraduate and wish to become an associate member 
of the Fish Veterinary Society and I am due to graduate in_________(year)

*delete	as	appropriate

Signature :
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MEMBERSHIP DATABASE

To help the Society provide a better service to its members we would be 
grateful if you could complete the following questionnaire by indicating 
your area of special interest.

Species of interest:
 Salmon ❒ Trout ❒

 Flatfish ❒ Shellfish ❒

 Ornamental ❒ Other (please specify)…

Areas of interest:
 Pathology ❒ Histopathology ❒

 Bacteriology ❒ Parasitology ❒

 Mycology ❒ Virology ❒

 Diagnostics ❒ Genetics ❒

 Immunology ❒ Legislation ❒

 Management ❒ Nutrition ❒

 Pollution ❒ Reproduction ❒

 Surgery ❒ Therapeutics ❒

 Water Quality ❒ Welfare ❒

 Other (please specify)…

Other Membership:
 British Veterinary Association  ❒

 British Small Animal Veterinary Association ❒

 European Association of Fish Pathologists ❒

 British Trout Association  ❒

 Scottish Salmon Growers Association  ❒

 Institute of Fisheries Management  ❒

Return to: Chris Walster MRCVS
 Island veterinary Clinic
 132 Lichfield Road
 Stafford ST17 4LE
 telephone 01785 258411
 fax 01785 258416
 email cwalster@aol.com


