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President’s Reflections

Jimmy Turnbull
Institute of Aquaculture, University of Stirling.

I feel very fortunate to have taken over as President this year.  We have had 
a very productive and exciting year and the society is as active and exciting 
as it has ever been.   

We had a great meeting again this year, both the venue and 2-day format 
seem to be working very well.  We had a very impressive international line-
up of speakers and plenty of opportunity to socialise (I believe they call it 
networking these days).  As a bonus we also had some of the best weather of 
the year.  See the proof at http://www.fishvetsociety.org.uk.  Thanks to all 
the speakers, sponsors and the venue. 

We are an inclusive society and have always welcomed all involved in 
fish health and I feel our inclusive nature is essential to the success of the 
society. For example, speakers at our 2012 meeting included contributions 
from CEFAS, Marine Scotland and commercial companies as well as vets.  
However, we also have to balance our inclusive nature with promoting the 
legitimate role of vets in fish health.  In my opinion we have been very suc-
cessful in maintaining a balance and improving relationships between vets 
and others in fish health.

Now to the important task of thanking some of those who have helped to sup-
port our society over the last year.  I don’t want to go on at too much length 
but this will mean brief thanks for only a proportion of the massive effort. 

Yet again Keith Treves-Brown raised the role of vets in fish health at BVA 
council this year, with support from Kathleen Robertson and Frank Stephen 
the Scottish Territorial members of BVA council.  Ronnie Souter raised the 
issues of fish vets at the Veterinary Policy Group.  We are also seeing wider 
recognition of the role of fish and aquaculture in domestic and international 
food security.

Our secretary Fiona MacDonald has continued to take on the lion’s share 
of all the duties in the society, especially organisation of the meetings.  The 
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amount of work she puts into these meetings is impressive, after promptly 
sending out thanks to speakers and sponsors she immediately starts on the 
next meeting.  This year the society recognised her efforts over many years 
by awarding her life membership, Keith Treves-Brown was also awarded life 
membership for his persistent efforts on our behalf at BVA council.

Our membership is buoyant with a total of 110 members, including 19 vet-
erinary students and 67 qualified vets.  I can confidently cite these figures 
thanks to Willie Wildgosse’s efforts with our accounts and membership.

David Sutherland continues to bring this publication together, a very impor-
tant task and he does it with a great deal of both persistence and diplomacy.

Peter Scott moved onto senior vice President after a very “interesting term 
of office” (ipse	dixit). Peter kindly stayed on for an extra year to help me out 
and has agreed to continue to represent us at some meetings.  Peter’s part-
ing shot as President was sorting out the constitution with help from many 
members but an especially valuable effort from Chris Walster.

Andrew Grant stood down form the committee after long service and 
as a parting shot coordinated our response to the Scottish Government’s 
Aquaculture and Fisheries Bill consultation. 

Stuart Becker has continued to look after our website with help from mem-
bers and the committee.  Stuart is doing a great job but is always happy to 
receive suggestions or feedback.

Last but not least Neil Robertson who works with Novartis has joined the 
committee as junior vice President.  We all look forward to his contribution 
to the society and some of his great presentations.

I look forward to seeing many of you at our meeting next year and I am 
always happy to hear any suggestions or comments regarding the society.

Jimmy Turnbull
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Editor’s Comments

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

Just a few days ago, I got an e-mail via Willie Wildgoose from a Middle 
Eastern gentleman asking “What has happened to the FISH VETERINARY 
JOURNAL? Does it active now or not? Why”. He was interested in establishing 
a Journal of ornamental fish diseases, so we may see that appearing sometime.

This just goes to show that our little journal is known a bit more widely than 
we might think. I can reassure this gentleman, and anybody else who is wor-
ried, that Fish Veterinary Journal does still active, and I hope it still is for 
a while yet. Mind you, this is Issue 13, and I started to write this on Friday 
13th, so I hope this is not unlucky!

We had a good meeting two day meeting in Edinburgh in March, at which 
we covered a range of topics. We had delegates from all over the UK and 
Ireland, as well as Norway and USA (although not the Middle East, but 
maybe someday!). We got excellent weather, and could take our coffee 
breaks outside. My only regret was that it would have been good weather 
for doing site visits! We did not know that it would be a long time before we 
would get weather as good!

The fish farming industry rolls on. Chile has bounced back after ISA, but 
the price has not been so good. Europe and the World are still struggling to 
come out of recession. I can remember when a million pounds was an awful 
lot of money. Then, a billion pounds was a lot of money. But now, banks 
and governments get billions to prop them up, and a billion does not go far! 
However as Arni Mathiesen, Assistant Director General of the FAO, fish 
vet, (and former Icelandic Finance Minister) said at AquaVision conference 
lately, aquaculture has a vital role in addressing the emerging food security 
challenge in a sustainable manner, so we are far from finished yet! 

Little things can often be the most annoying, and this year, it was amoebae 
which caused many salmon from Ireland to Shetland (and most points in 
between!) to suffer as well as fish farmers anguish. One fish farm manager 
(who has been around a bit longer than me) said there seemed to be some-
thing new every year!
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Once again, the journal covers a range of topics. I have done a lot of sea lice 
bioassays in the last few years, and Andrew Grant discusses the uses and 
problems of bioassays.

The use of Garra	rufa in foot spas increased dramatically a year or two ago 
(certainly a novel form of aquaculture). Their health and welfare (as well 
as possible health risks to the humans) became a controversial topic, which 
reached the front page of a national newspaper. Willie Wildgoose investi-
gated this issue, and gives us his findings.

Net washing has become more popular lately as a means of cutting down 
on net changing. It also cuts down on amoebae. One of the organisms that 
is washed off is the hydroid Ectopleura	larynx	(or “pink stuff”, as they call 
it here). Emily Baxter gives us some experimental evidence that these crea-
tures may cause damage to salmon gills when they are washed off.

Sandy Murray reports on the epidemiology of BKD, and the most cost effec-
tive way to control it. 

I finish up with writing up some Heart and Skeletal Muscle Inflammation 
(HSMI) cases, of which I have seen a few now. 

So, we have a range of topics, and I hope we find something to interest you.

As usual, I would like to thank the people who wrote papers for this issue, as 
well as people who act as referees, our sub-editor Pete Southgate, and Mike 
Williams for his excellent work in getting the issue together.
 
David Sutherland 
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Sea Lice Sensitivity Bio-assays – Fact or Fiction

A N Grant MRCVS
VetAqua (Scotland), Loch na Mhoid, Muir of Ord IV6 7QZ, Scotland
Email: andrew@vetaqua.co.uk

Sea lice are the most significant threat to farmed Atlantic salmon health 
and welfare and have a major economic impact on the industry. As with all 
production animal parasites, control strategies are likely to include the use of 
authorised medicines to which the target parasites may become less sensitive 
as a result of regular exposure. 

 At the time of writing the range of authorised actives available in the UK is 
limited to four and access to these is subject to conditions imposed on their 
use by the environmental regulator under the Water Environment (Controlled 
Activities) (Scotland) Regulations 2011 (HSMO 2011) to the extent that in 
some locations one of more of the authorised products may be practically 
unavailable.

There is considerable pressure on salmon farmers to exercise a degree of 
control over sea lice burden far beyond that necessary to protect fish health 
and welfare. This, coupled with limited access and other practical limiting 
factors, may lead to overdependence on a limited selection of products, 
high selection pressure for resistance and subsequent difficulty in exercising 
control.

The detection of reduced sensitivity to any active may be by clinical obser-
vation, during routine screening, or failure to reduce lice number following 
treatment. However none of the suppliers of authorised medicines specifies 
‘expected efficacy’ so there is no absolute benchmark, only an expectation 
based on prior experience. The second method of screening for reduced sen-
sitivity is by conducting in-vitro bio-assays and these are most commonly 
based on the method developed and published by the SEARCH project con-
sortium (SEARCH 2006).

A number of laboratories in Scotland use this method and the results are most 
commonly used to support treatment choice. However it is extremely dif-
ficult to validate the method and also to compare bio-assay results between 
laboratories. Where ‘ring’ testing has been carried out, minor and sometimes 
major discrepancies have emerged in the results for the same population of 
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lice and the same active (Arthur pers comm). In addition, the expectation of 
efficacy for an active engendered by a bio-assay result may not be matched 
in a subsequent treatment. Close inspection of bio-assay protocols can reveal 
significant differences in methodological detail and this can undermine con-
fidence in the assay as a decision support tool.

The author believes that there is a strong case for harmonising protocols used 
in Scotland so that farmers may have confidence in the method and also to 
provide a reliable tool for monitoring temporal and spatial patterns of lice 
sensitivity.

References
Arthur, G. NAFC Marine Centre, Scalloway, Shetland, UK

Her Majesty’s Stationery Office (HMSO) (2011) Water Environment 
(Controlled Activities) (Scotland) Regulations 2011

 http://www.legislation.gov.uk.ssi/2011/209/made

SEARCH Project Consortium (2006) Sea lice resistance to chemotherapeu-
tants: A handbook to resistance management. 2nd Ed

 http://www.rothamsted.ac.uk/pie/search-EU/index.php

Andrew	Grant	graduated	from	Cambridge	University	in	1980.	He	worked	in	
general	practice	until	1988	when	he	joined	Marine	Harvest.	From	2000	he	
worked	for	Novartis	Animal	Vaccines	Ltd.	as	Professional	Services	Manager	
and	in	2005	left	to	establish	an	independent	consultancy	VetAqua	(Scotland).	
www.vetaqua.co.uk

A.N.	Grant

This paper is based on a presentation given at a meeting of the Fish 
Veterinary Society in Edinburgh on 19th April 2011.
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A review of fish welfare and public health concerns 
about the use of Garra	rufa in foot spas

William H Wildgoose
655 High Road, Leyton, London E10 6RA

Abstract
The	 fish	 spa	 industry	 in	 the	 UK	 started	 in	 2010	 and	 has	 developed	 at	 a	
rapid	rate.	This	novel	beauty	treatment	is	now	available	in	many	outlets	and	
involves	large	numbers	of	fish	held	in	compact	self-contained	recirculating	
systems.	Several	concerns	 regarding	public	health	and	 fish	welfare	 in	 this	
unlicensed	business	have	been	raised	by	several	organisations.	This	paper	
discusses	various	aspects	of	 the	Animal	Welfare	Act	(2006)	and	how	these	
apply	to	the	use	of	Garra rufa	in	these	facilities.

Introduction

Garra	 rufa are freshwater fish that originate from the river basins of the 
Middle East and is one of about 100 Garra species in the family Cyprinidae. 
These fish live in outdoor pools of some Turkish spas where they ‘nibble’ 
off the thickened and dead skin of human bathers. Consequently, this spe-
cies of fish is also known as ‘doctor fish’, ‘nibble fish’ or ‘Kangal fish’; 
the latter name being taken from a spa town in the mountainous area of 
central Turkey where they are found. This slender greyish brown cyprinid 
has pharyngeal teeth but the sucking mouth has an expanded lower lip that 
forms a round or oval sucking pad, which has sharp keratinised edges used 
for scraping food from the surface of submerged rocks and logs. This feed-
ing method is the basis for their use in foot spa treatments in beauty salons 
where customers sit with their feet submerged up to mid-calf level for ses-
sions lasting up to thirty minutes. A few other species of fish are also used 
in fish spas, and hands may also be immersed in the tanks. In addition to the 
cosmetic treatment of normal skin, the fish remove superficial scaly patches 
that develop on the skin of patients suffering from psoriasis and eczema, 
leaving the underlying skin surface smooth and clear of scale. This action, 
in combination with exposure to sunlight, is considered to bring medical 
benefits to some patients.

PROCEEDINGS Fish	Veterinary	Journal	(2012)	(13)	3–17
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Business in the UK

Fish spas developed in the Far East many years ago, later spreading to 
Europe and opening in the United States in 2008. They first appeared com-
mercially in the United Kingdom in May 2010 and the number of premises 
quickly expanded over the following 12 months. A survey in the spring of 
2011 identified 279 fish spas in the UK, with more planned to open over the 
following months. Companies supplying fish and manufacturing the equip-
ment for these spas have also become established during this time. Due to 
concerns about commercial exploitation and over-harvesting, Garra	 rufa 
have been given legal protection in Turkey, although much of the trade now 
comes from suppliers in the Far East. The fish are bought at about 4–6cm in 
size and in 2011 cost approximately £1.40 to £2.40 each.

In the UK, most fish spas consist of tanks containing about 100 litres of 
water with external canister filtration and ultra-violet sterilization units 
concealed under the adjacent seating area (Figs 1–3). These recycling filter 
systems may service one or several tanks depending on their size and capac-
ity, and are often standard commercial items as used in the aquarium hobby. 
The self-contained fish spa units are usually sold as single or twin systems 
and can cost £1,500 and £2,000 respectively. Smaller units for children or 
hand manicures are also available. Units may be purchased outright or leased 
through some companies. The stocking density in the tanks varies from 60 
to 200 fish per tank.

W.H.	Wildgoose

FIG 1: A fish spa in a shopping arcade.



5 Fish Veterinary Journal • Number 13 • 2012

A	review	of	fish	welfare	and	public	health	concerns	about	the	use	of	Garra rufa	in	
foot	spas

FIG 2: Single user fish pedicure systems, with the cover in place over the tank on 
the left.

FIG 3: The external canister filtration and ultra-violet system is housed under the 
seating area.
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Fish foot spas are offered as a service in beauty salons which may have one 
or two units but are also found in dedicated businesses with several units 
in a stand-alone shop, some of which are glamorous up-market enterprises. 
Small mobile units are also located in shopping malls and sports centres 
where there is a large customer footfall. In 2011, one national chain of salons 
had between 30 and 40 branches with more planned to open. The cost to a 
customer at that time was about £1 per minute, with lower rates for longer 
sessions.

Areas of concern

When fish spas were first introduced into the UK in 2010, there was much 
publicity in the press and on national television about this novel beauty treat-
ment. Due to the rapid development of the industry and lack of documented 
evidence it has been difficult to fully assess the main concerns about public 
health risks and fish welfare in a business in which there is limited regulation 
of its services. The importation of this species from outside the European 
Union for non-ornamental use (i.e. spa or medical purposes) requires 
authorisation by the Centre for Environment, Fisheries and Aquaculture 
Science (CEFAS) on an annual basis. Although there are no official coordi-
nated records of the number of Garra	rufa imported into the UK for the fish 
spa trade, over 35,000 per week were imported at times in 2011 (CEFAS, 
personal communication). Such high numbers suggest that there was a rapid 
expansion of businesses or a high turnover of stock due to mortalities since 
the natural lifespan of this species is thought to be between 5–7 years. 

On 26 August 2010, the Ornamental Aquatic Trade Association (OATA) 
issued an advice note to its members advising caution about involvement 
in this business sector. In July 2011, the Royal Society for the Protection 
of Cruelty to Animals (RSPCA) issued a Local Government Brief and in 
October 2011 the Fish Veterinary Society published a Briefing Statement 
on the use of Garra	rufa used in fish spas, which primarily related to fish 
welfare. In addition to these formal publications, the Practical	Fishkeeping 
magazine has published articles and used its internet forum to debate the 
issue. Several other on-line web sites such as www.petforums.co.uk have 
also hosted opinionated discussions. There are now on-line petitions which 
are campaigning to stop the misuse of Garra	rufa fish, claiming that hun-
dreds of fish are suffering and dying. After concerns were raised by Local 
Authority environmental protection officers and other human health agen-

W.H.	Wildgoose
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cies, the Fish Spa Working Group published the Guidance	on	the	manage-
ment	of	the	public	health	risks	from	fish	pedicures	in October 2011 although 
this did not examine welfare issues. Following publication of this document, 
several national newspapers published articles highlighting the public health 
risks on 18 October 2011.

Animal welfare legislation

The Animal Welfare Act (2006) is the main piece of legislation that affords 
protection to animals in England and Wales by giving those responsible for 
animals a legal duty of care. The Act states in Section 9, that it is the duty 
of the person responsible for the animals to ensure their welfare and that it 
is an offence if they do not take reasonable steps to ensure that the needs of 
an animal are met. Subsection 2 states that ‘for	the	purposes	of	this	Act,	an	
animal’s	needs	shall	be	taken	to	include:

a.	 its	need	for	a	suitable	environment,

b.	 its	need	for	a	suitable	diet,

c.	 its	need	to	be	able	to	exhibit	normal	behaviour	patterns,

d.	 any	need	it	has	to	be	housed	with,	or	apart	from,	other	animals,	and

e.	 its	need	to	be	protected	from	pain,	suffering,	injury	and	disease.’

Similar legislation has now been enacted in other countries. Interpretation 
of these requirements requires an understanding of the natural needs, envi-
ronment and behaviour of Garra	rufa fish. There are many fish spas where 
the level of care and management is of a high standard but equally there are 
others where standards are less than ideal. Although some suppliers provide 
detailed care sheets for fish being used in fish spas, there are concerns that 
some people with the daily responsibility for the care of the fish may have 
limited experience in fish keeping given the primary focus of the beauty 
business.

Need for a suitable environment

Garra	rufa are benthic fish, living on the bottom and hiding among the rocks 
and vegetation. They are thought to prefer fast moving water but they are 
also found in small ponds and lakes. All fish require a stable environment 
with good water quality at the correct temperature in order to remain healthy. 

A	review	of	fish	welfare	and	public	health	concerns	about	the	use	of	Garra rufa	in	
foot	spas

http://www.pharmaqaqua-webshop.co.uk /

ALPHA JECT® 2-2
vaccine against furunculosis and IPN

PHARMAQ MS222®

anaesthetic agent for fish - tricaine methane sulphonate

AQUATET®

antibiotic liscensed for fish - 100% active oxytetracycline hydrochloride

VETREMOX® fish
antibiotic for fish - amoxycilin trihydrate

AMX®

bath treatment for the control of sea lice

Halamid™ (100% Chloramine - T)
the universal biocide with a wide range of aquaculture applications
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Their natural water temperature range is subtropical, varying from 15–28°C 
although they also live and breed in some outdoor thermal springs in Turkey 
where water temperatures may reach 38°C. One fish supplier’s web site sug-
gests that fish are heated to 36–40°C to verify that they are authentic Garra	
rufa fish and stating that other Garra species will not survive these tempera-
tures – this practice should be condemned on welfare grounds because it is 
potentially harmful to the fish. 

In fish spas, the water should be well oxygenated, using air-pumps and air-stones. 
The filtration system should maintain good water quality, free from pollution by 
metabolic waste products. Regular water quality tests should be performed by 
personnel with some understanding of the nitrogen cycle and filtration system 
so that appropriate action can be taken promptly if the water quality deteriorates. 
Written records must be kept with the levels of ammonia, nitrite, nitrate and pH as 
a minimum requirement. The frequency of the tests will depend on the stability of 
the system and stocking density, and may need to be done more than once daily. 
Contamination of the water with fake tan, cosmetic creams, medicinal products 
and antiseptics must be avoided and the customers’ feet must be thoroughly 
cleaned and dried prior to immersion. Water pollution by disinfectants used to 
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clean the tanks must be avoided. The use of environmental aerosols and perfumes 
must be minimised, particularly since air-borne chemicals may become concen-
trated in the water by the air-pumps and become toxic to the fish.

Need for a suitable diet

Garra	 rufa are omnivorous and naturally feed on aufwuchs, a biofilm of 
organisms such as algae, plankton and small invertebrates that live on the 
submerged surfaces in aquatic environments. At times when food is scarce, 
and human bathers are present, these fish will resort to skin-feeding behav-
iour. It is debatable whether they actually consume dead skin or if the skin 
is purely removed during the process of natural foraging while searching 
for food items. The nutritional value of dead skin is questionable, consist-
ing primarily of keratin, which is relatively indigestible compared to their 
natural diet. Consequently, the ‘nibbling’ behaviour performed in foot spas is 
encouraged by hunger. More research is required to determine a suitable bal-
anced diet for these fish in captivity. As a compromise, they should be given 
a reputable ornamental fish pellet food, sufficient to be eaten in two minutes, 
twice daily. Uneaten food should be removed to prevent water pollution but 
it may also indicate early signs of disease with loss of appetite.

Need to be able to exhibit normal behaviour

These fish are generally considered peaceful schooling fish. The stocking 
density in these facilities far exceeds that which exists in the wild. It is not 
known what impact this has on the behaviour of the fish although the fren-
zied feeding that occurs at times when customers immerse their extremities 
suggests that this is unlikely to be normal (Fig 4). This is inevitably stressful 
for the fish, and the degree of body contact between fish will increase the 
spread of ectoparasites. It has been noted that the fish frequently jump out of 
the water, therefore the tanks must be covered when not in use by customers. 
Fish will occasionally make desperate attempts to escape from poor water 
conditions by jumping and this behaviour may be more significant given 
the benthic nature of these fish. The bare glass tanks in most fish spas offer 
little opportunity for environmental enrichment since this primarily aims to 
provide a hygienic environment for customers. Equally, there are seldom off-
show areas where the fish can be rested between customers: longer resting 
periods have been shown to increase the lifespan of animals in touch pools in 
public aquaria (G Burrows, personal communication).
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Need to be housed with or apart from other animals

The nature of the fish spa business requires a high stocking density in order 
to optimise customer satisfaction. In general, these facilities use only one 
species although in some, other colourful fish such as guppies (Poecilia	
reticulata) are added to make the tank more visually appealing to customers. 
An inappropriate choice of species may cause additional stress.

Need to be protected from pain, suffering, injury and disease

While most people may be sensitive to animal suffering, many may not be 
able to recognise it in fish. Many new fish keepers are not aware that fish dis-
ease can be investigated professionally or seek professional assistance when 
fish mortalities occur. Despite the detail of some care sheets provided by 
some fish suppliers, it is rare for them to recommend that terminally ill fish 
should be humanely killed or that professional assistance should be obtained. 
Consequently, many new fish keepers go through a steep learning curve dur-
ing the first few months, when fish mortalities inevitably occur and probably 
go unreported, and fresh stock are added to maintain the population.

At present, fish spas obtain most of their fish health advice from their sup-
pliers, who have a legal obligation to provide correct care information. Some 
fish spa owners are former hobbyists with some personal fish keeping expe-
rience. However, professional veterinary involvement in fish spas is very 
low and the author received very few responses from colleagues following 
an enquiry on British and international list servers. This suggested that vet-
erinary surgeons were rarely approached by fish spa owners or importers for 
professional assistance. 

Despite the large size of the fish spa industry, there are very few scientific 
reports of disease problems. High mortalities due to Citrobacter	freundii were 
recorded at a private fish hatchery in Korea (Baeck et	al. 2009) and Aeromonas	
sobria from a hatchery in Slovakia (Majtán et	al. 2012). Streptococcus	agalac-
tiae (Group B) was identified as the cause of death in recently imported consign-
ments in the UK in 2011 (CEFAS, personal communication). Mycobacterium	
marinum has also been found in one case of chronic mortalities from a fish spa 
in the Netherlands (P Werkmann, personal communication). Given the large 
numbers of these fish imported into the UK for non-ornamental purposes, and 
the few anecdotal reports of high mortalities, it is assumed that many disease 
problems are not professionally investigated.

A	review	of	fish	welfare	and	public	health	concerns	about	the	use	of	Garra rufa	in	
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Public health aspects

In response to public health concerns, the Fish Spa Working Group devel-
oped and published the ‘Guidance	on	the	management	of	 the	public	health	
risks	 from	fish	pedicures’ (2011). This group consisted of experts from the 
Health Protection Agency (HPA), Health Protection Scotland, the Health 
and Safety Laboratory and Local Authorities. Many other agencies and indi-
viduals in the UK also contributed, including CEFAS, RSPCA, OATA and 
the Fish Veterinary Society. This detailed and practical document primarily 
discusses public health aspects but acknowledges that concerns about fish 
welfare also exist. Since fish spas involve the use of live fish, conventional 
sterilisation of the fish or environment is not possible without harming the 
fish. Consequently this ‘special treatment’ must be carefully monitored to 
ensure that staff and customers are protected from infections. At present, 
there is no national legislation that controls these treatments although some 
London boroughs are investigating local byelaws which could be used to 
allow licencing fish spas as ‘bath treatments’.

The guidance highlights the various routes of transmission of infection from 
fish to person, from water to person, from person to person via water, and 
person to person via surface contact. The current lack of documented cases 
and limited scientific evidence is acknowledged and although the risk of 
infection is very low, it cannot be excluded. Several detailed recommenda-
tions are made to help spa owners limit the introduction or spread of infec-
tions including thorough inspection and cleaning of customers’ feet before 
and after treatment. Despite this, fish spas have been banned in many US 
states and Canadian provinces on the grounds of sanitation and concerns 
about animal welfare. In Germany, extensive requirements include certified 
proof that customers are free of specific infectious viruses and bacteria, 
and that the spas have a specialist vet and an extensive quality assurance 
programme.

Several zoonotic bacterial infections of fish are reviewed in the guidance 
but one of the most common in ornamental fish is mycobacteriosis. This 
untreatable disease is often chronic in nature and difficult to diagnose in live 
fish, therefore screening is unlikely to be effective. Diagnosis of the disease 
in dead fish is equally difficult, often requiring histological examination of 
several organs since visualising characteristic granulomas with the naked eye 
is challenging in these small fish. Infection is transmitted to humans through 
minor abrasions in the skin but it may take weeks for clinical signs to appear 
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following exposure. Diagnosis in humans is also problematic and treatment 
can take several months, occasionally requiring surgical intervention. These 
difficulties highlight an important aspect of one zoonotic hazard in foot spas 
that could be exacerbated by husbandry stress (Ramsay et	al. 2009).

Effective sterilisation, namely the destruction of all micro-organisms and 
resistant spores, in an aquatic environment is often limited and is potentially 
harmful to the fish. In addition to sterilising the water, sterilising the biofilm 
on all submerged surfaces is not possible without the use of chemicals that 
are toxic to fish. Equally, the use of heat sterilisation, a minimum of 70°C 
for one hour (HPA 2011), is harmful to the fish and the biological filter. Ultra 
violet (UV) sterilisers are commonly fitted to the pipework of filtration sys-
tems but these do not have any effect on microbes on the fish or in the bio-
film. These units often use UVc, the most effective germicidal wavelength, 
but their sterilising capacity is influenced by several factors such as:

• water clarity

• water flow rate

• age of the UV light source

• UV source to pathogen distance

• power/intensity of the UV source

• physical properties of the pathogen

• cleanliness of the sleeve surrounding the UV source

In general, UV units must have a minimum rating of 15–25 watts to be con-
sidered effective for the 100 litre tanks used in fish spas. In some cases, the 
units have a lower power rating and may give users a false sense of security 
regarding the level of sterility achieved in the facility. The UV units used to 
clarify the water in outdoor ponds are not effective at sterilisation.

The Fish Spa Working Group concluded that the risk of human infection as a 
result of fish spa treatment ‘is likely to be very low, but cannot be completely 
excluded’.

Human psoriasis

Psoriasis is an autoimmune disease in humans that affects 2–3% of the 
population, and causes intense itching and flaky skin. The most common 
form (plaque psoriasis) appears as red and white scaly patches on the skin. 
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It can affect any part of the body, including the scalp, and may also affect 
the fingernails and joints. The disease is often chronic and recurring but 
not contagious. The cause is not fully understood but thought to have a 
genetic component and aggravated by environmental factors such as stress 
and seasonal changes. Severe cases have a negative physical and psycho-
logical impact on affected individuals, which affects their quality of life. At 
present, there is no cure and it is considered a life-long disease. There are 
several medical treatments used to control and manage the disorder, includ-
ing phototherapy with controlled exposure to ultra violet radiation. There 
are two reports of fish spas used in the treatment of patients with psoriasis 
(Özcelik et	al. 2000, Grassberger & Hoch 2006) in which improvement was 
noted but this may have been influenced by concurrent phototherapy and 
the effect of natural sunlight. However, advice from the Fish Spa Working 
Group is that sufferers are likely to be at an increased risk of infection and 
that this treatment is not recommended and should not be promoted to this 
group of patients.

Other areas of concern

There have been several commonly used statements made in advertising of 
fish spas that suggest medical benefits to users. Some of these are question-
able and there is limited scientific evidence to support them. Some claims 
state that Garra	rufa ‘secrete a natural enzyme in their saliva called diathanol 
that helps new skin grow’. Although it is unproven that this species produces 
saliva, fish do not in general possess true salivary glands and are therefore 
unlikely to produce saliva, the main purpose of which is to moisten and 
lubricate food. Only a few species of animals, of which Man is one, secrete 
enzymes in their saliva. Diathanol is a redundant name used in German 
organic chemistry in scientific literature up until the 1960s: at the time of 
writing, the only references to the term when searched by Google appear on 
fish spa web sites. 

Other claims made refer to the fish stimulating acupuncture points, helping 
to regulate the nervous system and improve circulation. Several fish spa 
web sites state that the fish in their systems ‘cannot transfer any diseases 
to humans’ although this route of infection is highlighted in the guidance 
published by the Fish Spa Working Group. Other misleading medical infor-
mation is not uncommon despite there being a lack of clear evidence of any 
therapeutic benefit.
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As with all animals, their care must extend over periods when the facility 
or shop is closed during weekends and public holidays. Equally some provi-
sion should be made in the event of electrical power supply failure due to 
their dependence on the life support systems, particularly when they are left 
unattended. In the UK, there is strict legislation controlling the disposal of 
mortalities which will be covered under hazardous or special waste regula-
tions and is aimed at protecting public health and the environment.

The industry in 2012

Following the publication of guidance by the Fish Spa Working Group and 
subsequent national coverage in the media on 18 October 2011, the fish spa 
industry has had a lower public profile. Several fish spa salons have closed 
for various reasons including financial difficulties. This has led to further 
concern regarding the fate of the fish in these establishments and provisions 
need to be considered now. 

As the natural lifespan of Garra	rufa is thought to be 5–7 years and due to the 
large numbers that were imported into the UK in the last 18 months it remains 
to be seen if the fish can be adequately rehomed within the industry. Prior 
to the interest in fish spas, Garra	 rufa were imported into the UK in small 
numbers for the ornamental trade. There are opportunities for the fish to be 
rehomed to private hobbyists or public aquaria although their relatively dull 
colours and peaceful behaviour may have limited appeal. Commercially, it is 
unlikely that these fish will be re-exported back to their country of origin, let 
alone be released to restock their natural environment, an action which could 
have major ecological consequences. Under the Wildlife and Countryside Act 
(1981) and Salmon and Freshwater Fisheries Act (1975) it is illegal for these 
non-native fish to be released into the wild in the UK, even though water tem-
peratures are considerably lower than in their country of origin. The impact 
of illegal release of these fish into UK waters may need to be fully assessed.

The greatest concern relates to fish that may be neglected and left to die 
through starvation or deteriorating water quality since they have a low 
financial value but require a significant level of maintenance. It is not ethi-
cally acceptable to euthanase these fish on any grounds other than to avoid 
suffering but this issue may need to be addressed in some cases in the future. 
The method by which this is performed should only be by overdose with an 
acceptable fish anaesthetic and not by flushing live fish down the toilet or 
freezing them in a domestic freezer unit.
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Conclusion

It has been interesting to observe the rapid development of the fish spa 
industry but several aspects of this novel business have given cause for con-
cern, particularly in the areas of public health and fish welfare. However, 
these concerns should be addressed in a positive and pro-active manner so 
that we can develop a greater understanding of the issues involved through 
a detailed scientific approach. Despite the lack of legislation controlling 
the industry, the concerns about fish welfare are adequately covered under 
the Animal Welfare Act (2006) and similar legislation in other countries. It 
is important that Local Authority animal welfare officers visit and inspect 
all these establishments to ensure that the basic needs of the fish are being 
adequately met and seek specialist advice where necessary. Detailed 
written records of stock purchases, mortalities, water quality results and 
health problems must be kept by the business owners and be available for 
inspection. A greater degree of professional fish health investigation is now 
required so that we can avoid major problems and provide adequate support 
to the industry. 
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Abstract
The	 potential	 direct	 health	 problems	 posed	 to	 marine-farmed	 salmonids	
by	 the	 biofouling	 hydroid	 Ectopleura	 larynx	 (Phylum	 Cnidaria,	 Class	
Hydrozoa)	and	in	situ	net	washing	processes	 to	remove	the	fouling	organ-
isms	 have	 not	 yet	 been	 addressed.	 In	 an	 attempt	 to	 address	 the	 possible	
impacts,	the	rate	of	E.	larynx	growth	on	aquaculture	nets	over	a	net-cleaning	
cycle	was	assessed	and	Atlantic	salmon	(Salmo	salar)	smolts	were	exposed	
to	hydroid-biofouled	nets	under	experimental	challenge.	After	only	1	week	of	
immersion,	there	was	a	high	settlement	of	E.	larynx	on	net	panels,	with	the	
maximum	growth	observed	after	3	week	of	 immersion.	For	 the	challenges	
trials,	experimental	treatment	groups	of	S.	salar	were	exposed	to	hydroid	net	
panels	or	loose	hydroid	material	for	11	hours	under	controlled	conditions.	
Gills	were	examined	for	signs	of	gross	damage	and	assigned	a	histopatho-
logical	 gill	 score.	 Prior	 to	 the	 experiment,	 the	 gills	were	 healthy	 and	 did	
not	show	signs	of	damage	from	any	insult.	After	exposure	to	E.	larynx,	focal	
areas	of	epithelial	sloughing,	necrosis	and	haemorrhage	were	visible	on	the	
gills	 under	 histopathology	 and	 a	 maximum	 gill	 score	 of	 4	 was	 observed.	
These	results	are	 the	 first	 in	an	 investigation	of	 this	kind	and	suggest	 that	
E.	larynx	can	damage	the	gills	of	S.	salar.	Further	work	on	this	area	is	vital	
to	develop	a	better	understanding	of	the	pathogenesis	of	the	damage	caused	
by	hydroids	and	their	long-term	effects	on	fish	health,	growth	and	survival.

SCIENTIFIC PAPER Fish	Veterinary	Journal	(2012)	(13)	18–30
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Introduction

The accumulation of biofouling organisms on aquaculture nets poses con-
siderable problems for the industry (Braithwaite & McEvoy 2004). Fouling 
organisms significantly increase the weight of cage and mooring systems 
and decrease water flow through the cages, which compromises the envi-
ronmental quality for the fish (Cronin et	al. 1999). The hydroid Ectopleura	
larynx (syn. Tubularia	larynx, Phylum Cnidaria, Class Hydrozoa) is already 
one of the most common and problematic biofouling species for Norwegian 
finfish aquaculture (Guenther et	al. 2009). This fast-growing species is also 
a prevalent fouling organism on Irish finfish farms (Fig. 1). Two net cleaning 
practices are common on marine finfish farms: (1) changing of fouled nets; 
and (2) in	situ net washing using a high pressure jet washer (as described 
by Guenther et	al. 2010). Previous studies have focussed on the settlement, 
development, attachment methods of biofouling hydroids on aquaculture 
nets, as well as the effects of anti-foulants. As yet there has been limited 
consideration of the potential direct impacts that biofouling hydroids could 
present to finfish health (Clark et	al. 1997, Rodger 2007). Potential risks are 
that fish may suffer skin lesions from coming into contact	with hydroid pol-
yps fouling the net (due to the discharging of nematocysts (stinging cells)) 
and/or that the in	situ net washing which blasts the hydroid polyps and their 
associated nematocysts into the water column, may cause gill pathologies if 
inhaled by the fish.. In an attempt to investigate the potential impacts of the 
hydroid E.	 larynx on finfish health, the present study was conducted with 
the aims of: 1) investigating the growth of E.	 larynx over a net washing 
cycle (typically every 3–4 weeks in summer) and quantifying the amount of 
material present at the point of net washing; and 2) determining the potential 
pathological damage of this growth of biofouling hydroids caused to the gills 
of Atlantic salmon smolts before and after simulated in	situ net washing. 

Materials and Methods

Hydroid quantification
The growth of Ectopleura	larynx on aquaculture nets in Ireland was quanti-
fied over a net washing cycle (a 4 week period of growth in between the 
removal of fouling). Nylon net settlement panels (180 x 180 mm with 20 x 
20 mm mesh aperture) attached to weighted PVC frames were deployed in 
triplicate array. From previous observations it was seen that hydroid biofoul-
ing covered the entire salmon cages from the surface to the bottom of the net 
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cone. Therefore, four triplicate panel arrays were deployed at a nominal depth 
of 5 m depth, from the pontoon of an Atlantic salmon cage, within a farm on 
the west coast of Ireland in August 2009. One triplicate array was removed 
every week after deployment for 4 weeks and immediately preserved in 
4% seawater formalin. Any biofouling hydroids were identified to species 
level. The numbers of polyp heads m-2 were then counted and the stage of 

Fig. 1. Growth and development of the biofouling hydroid Ectopleura larynx. a) 
Settlement panel and growth after 1 week of immersion on a marine salmon 
farm; b) Developing polyp of E. larynx from settlement panels; c) close-up 
of polyp head showing gonophores; d) actinula larva after release from the 
gonophore. T = tentacle, G = gonophore. 

Photo credits: a–b) E.J. Baxter; c–d) M.B. Belmar.
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maturity of the polyps was assessed by the presence/absence of gonophores 
and actinula larvae within the gonophores (Fig. 1). The net panels were 
washed and then dried to a constant weight (overnight at 60°C). Desiccated 
colonies were brushed off the netting and weighed to obtain a dry weight of 
the fouling (g m-2). The results providing the quantity of hydroid material 
present m-2 at the time of net washing and the likelihood of larval release. 
The difference in the number of polyps and dry weight between weeks was 
compared using one-way analysis of variance (ANOVA). Significant results 
were investigated post-hoc using Tukey’s test.

Challenge trial
In a manner similar to the growth quantification, hydroids were cultivated 
in	situ for the challenge trial during July 2010. Four large, nylon net panels 
(3 x 1 m in dimension) were deployed from a vacant cage pontoon. In addi-
tion, a small triplicate array (as described for the growth quantification) 
was deployed alongside for quantification of hydroid material used in the 
challenge trials. The panels were recovered 4 weeks later to coincide with 
the net changing regime on the farm. The panels were transported in cooled 
seawater to the Aquaculture and Fisheries Development Centre facility at the 
University College Cork, Ireland. Immediately prior to the challenge trials, 
the large net panels were fixed into a basket shape to be placed into the tanks. 
The experimental set-up consisted of one control and two experimental 
groups, each with duplicate tanks. For the control tanks, fish were exposed 
to completely clean (i.e. new) net baskets, whereas both experimental groups 
were exposed to hydroid colonised baskets. For the first experimental group, 
the hydroid colonised net baskets were placed directly into the tanks and 
for the second experimental group, the hydroids were scrubbed off each net 
panel and the scrubbed net baskets, plus the removed hydroid fragments 
were then added loose to the tanks to simulate the process of net cleaning. 
The outflows of all tanks were covered with 1mm stainless steel mesh to pre-
vent large pieces of hydroid matter from leaving the experimental tanks and 
5μm mesh mechanical filter bags were used in the sump filtration system to 
try and prevent hydroids or free nematocysts from entering the re-circulation 
system. The fish were exposed to the net baskets and/or hydroids for 11 
hours before removal of all challenge material.

Hatchery-raised Atlantic salmon (Salmo	salar) smolts (S1, 1 year old) were 
obtained from the Marine Institute hatchery, Furnace, Newport, County 
Mayo, Ireland and seawater adapted on arrival at the Aquaculture and 
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Fisheries Development Centre, University College Cork, Ireland. At the start 
of the challenge there were 30 fish in each group with an average weight of 
119.1 ± 28.4 g (mean ± 1 S.D., n = 65) and were kept at a stocking density 
of 4.0 kg m-3. All tanks contained 300 L of flowing seawater (salinity: 33 
practical salinity units (psu)) at 11 ± 1°C with a supplementary air supply to 
keep dissolved oxygen levels >7.5 mg L-1. The fish were maintained under 
a 12:12 hour light to dark photoperiod and fed a commercial pellet diet 
(Skretting: Atlantic smolt) throughout the day by automatic feeders. 

Fish were kept off feed for 24 hours prior to the start of the challenge. At 
time 0 hours (prior to challenge) 5 fish were randomly sampled from the 
entire population. Five fish were then sampled from each tank at 2, 6, 24, 48, 
168 (1 week) and 504 (3 week) h from the start of the experiment. Sampling 
was performed post-mortem and fish were euthanized with a lethal dose of 
the anaesthetic Tricaine	methane sulfonate (MS-222, Pharmaq). The skin 
and gills of the fish were first examined for gross pathological changes; the 
second gill arch on the left-hand side was excised from each fish and imme-
diately fixed in 10% neutral-buffered formalin for histology. The gills were 
paraffin embedded, cut into 5µm sections and stained with haematoxylin 
and eosin. All slides were scanned microscopically at increasing magnifi-
cations (40x, 100x and 400x). On histopathological examination, the gills 
were inspected for signs of gill damage (i.e. epithelial hyperplasia, necrosis, 
oedema, inflammation) and scored using the semi-quantitative gill scoring 
methodology, developed by Mitchell et	al. (2012) and the clinical signifi-
cance of any such damage was suggested. One-way ANOVA was used to test 
for a difference in the gill scores between test and control groups. 

Results

Hydroid growth
During the initial hydroid quantification aspect to the study in August 2009, 
there was a high coverage of a single hydroid species, Ectopleura	 larynx, 
on the settlement panels from 1 week (mean ± SE: 54,290 ± 1759 polyp 
heads m-2; dry weight 8 ± 0.04 g m-2) onwards (Fig. 2). During the follow-
ing 2 weeks there was a significant increase in the number of polyps and 
dry weight to the maximum recorded at 3 weeks (mean ± SE: 88,683 ± 
4520 polyp heads m-2; dry weight 56 ± 1.0 g m-2) (Fig. 2a–b). At 4 weeks of 
immersion the number of polyp heads and the dry weight recorded decreased 
(Fig. 2a–b) as autotomy (the loss of the polyp heads before regeneration) of 
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most of the polyps had occurred. The development of gonophore buds was 
apparent on some polyps from 1 week, and at 2–3 weeks actinulae (larvae) 
were visible inside the gonophores, some of which remained until 4 weeks.
 
Challenge trial
In the quantification of the challenge material in July 2010, there was also 
a high coverage of Ectopleura	larynx on the large panels and the triplicate 
array after 4 weeks of immersion. However, many of the polyp heads had 
already been autotomised at this point. Therefore, although the dry weight 
of hydroid material on the panels was significantly higher than the Week 1 
panels of the original quantification study, the number of polyp heads was 
significantly lower than Weeks 2, 3 and 4 (Fig. 2a–c).

Fig. 2. Quantification of the hydroid Ectopleura larynx fouling aquaculture nets in 
Ireland. a–b) By week from immersion in the preliminary quantification over a 
net changing cycle; and c) as used for challenge material in the experimental 
trial. All values are means ± SE. Significance levels from pairwise compari-
sons: * p < 0.05, *** p < 0.0001
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In response to exposure to net baskets biofouled by Ectopleura	larynx or loose 
hydroids, gross pathological changes of the gills were observed in fish from 
the experimental treatment groups. Focal haemorrhages were visible on the 
gills of some fish after 2 hours of exposure and a fragment of hydroid was 
found within the gills and gill rakers of one fish (see Fig. 3). Clouding of the 
cornea was also observed possibly from abrasion on the net. No other lesions 
were visible grossly on external or internal examination of the fish at any stage. 
Under histopathological examination, it was clear that all of the gills sampled 
at time 0 hours had good health and there were no signs of pathological gill 
damage. However after the commencement of the experiment, the gills of all 
groups (control and experimental) were observed with focal areas of epithelial 
sloughing, necrosis and haemorrhage (Fig. 4b–d). The gill histopathology 
observed was variable over the course of the trial in both severity and between 
groups. The range of the gill scores of both the control and treatment groups 
was between 0–4 throughout the trial (Fig. 5). There was no significant differ-
ence in gill scores between the different groups. The gill damage observed on 
all occasions was considered acute but not severe. In marine-farmed salmon 
this degree of damage has been associated with lethargy and a decrease in 
appetite, but as yet, not mortalities (Rodger et	al. 2011b).

Fig. 3. Fragment of Ectopleura larynx (indicated by arrow) observed under gross 
pathology in the gills of an Atlantic salmon smolt during the challenge trial 
(experimental group: biofouled net – 2 hours from start of challenge).
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Discussion

Several jellyfish species have been implicitly linked to fish kill events 
(Båmstedt et	al. 1998, Purcell et	al. 2007) and fish health issues, including 
gill damage (Baxter et	al. 2011a, Baxter et	al. 2011b, Rodger et	al. 2011a), 
in marine-farmed salmon over recent years. Nevertheless, investigations into 
the potential effects of cage-fouling hydroids have been overlooked until 
now. The present study is the first to explore the direct effects of biofouling 
hydroids on the health of marine-farmed finfish; as opposed to the indirect 
effects, such as reduced flow (Cronin et	al. 1999). 

Fig. 4. Histological gill sections of Atlantic salmon smolts (Salmo salar) from control 
and experimental treatment groups used in the hydroid challenge trial. a–d) 
Gills from the different groups with time from the start of the experiment: a) 
0 hours; (b) control group at 6 hours; (c) treatment group with biofouled net 
baskets at 48 hours; and (d) treatment group with cleaned baskets and free 
hydroids at 48 hours. Using haematoxylin and eosin (200x magnification).

Biofouling	of	the	hydroid	Ectopleura larynx	on	aquaculture	nets	in	Ireland:	
Implications	for	finfish	health



Fish Veterinary Journal • Number 13 • 2012 26

E.J.	Baxter	et	al.

This study documents that the biofouling hydroids have the potential to 
damage marine-farmed salmon in two ways: 1) the rapid growth of hydroids 
results in a dense growth of hydroid polyps bearing nematocysts which 
present a harmful surface to salmon – contact with hydroid polyps can cause 
gill (see Fig. 3) and potentially skin lesions; 2) the removal of the hydroids 
from the cages by in	situ net washing can cause gill damage by suspending 
hydroid fragments and loose nematocysts. Here, no gill pathologies were 
observed prior to the challenge. However, after the start of the challenge 
acute gill pathologies were noted after exposure to hydroids biofouling the 
nets (Figs. 3 & 4) and loose hydroids after simulated net washing (Fig. 4). 
The gill scores observed across all fish throughout the challenge trial reached 
a maximum score of 4 (Fig. 5), rated as gill pathology of minor clinical 
significance (Mitchell et	al. 2012). Although pathologies were observed in 
all groups, there were no other causative agents of gill disorders within the 
re-circulation system. No bacteria, amoebae, parasites or adverse environ-
mental conditions were found, indicating that the damage observed was not 
caused by anything other than physical or toxic damage from the hydroid 
nematocysts. Thus, even though the control groups showed signs of gill dam-
age this was likely because the tiny fragments of hydroids or nematocysts 
entered the re-circulation system. The gill damage observed was considered 
acute and may have caused lethargy and decreased appetite in the fish farm 
environment (Rodger et	al. 2011b). 

Recently, concerns about the potential problems caused by in-situ net wash-
ing have been raised by fish farmers throughout Ireland. There have been 
reports from divers working on site during net cleaning that there is an 
evasive response by the fish (moving away from the material removed by 
the jet washers). The dense clouds of debris that are blasted off the nets can 
be picked up on the boat echo sounders (S.O. Mitchell, pers. comm.) and 
although, cleaning is aimed to be conducted down-tide of the cages, it is 
nearly impossible to leave adjacent cages unaffected when there are many 
cages on-site. 

The present study identified just how dense these clouds of biofouling mate-
rial can be with up to 88,683 ± 4520 polyp heads m-2 (mean ± SE) of cage 
netting being blasted into the water. There is both anecdotal and experimen-
tal evidence to suggest that net washing practices can increase the grow-back 
rate of biofouling hydroids and cause the gonophores to burst and release lar-
vae, which are then free to settle on the available space of the cleaned netting 
(Carl et	al. 2010). The results presented here show that the potential forced 
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release of the larvae could occur in biofouling hydroid polyps only 2 weeks 
old (larvae were visible inside the gonophores at this stage), if removed by 
in	situ net washing. Therefore, due to the rapid growth of this species, it is 
unlikely that cleaning the nets after 2 or 3 weeks would much reduce the 
number of polyp heads and/or larvae blasted into the water column (see Fig. 
2) or reduce the grow back rate of the hydroids. In	situ net washing practices 
are now becoming more common due to the quicker and less labour intensive 
nature of this method compared to traditional net changing methods. Given 
this move, it is imperative that future studies further investigate the potential 
implications of hydroid removal on fish health.
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Epidemiology and economics of bacterial kidney dis-
ease to inform control policy

Alexander G Murray 
Marine Laboratory, Marine Scotland Science, 375 Victoria Road, 
Aberdeen

John Soje
Marine Analytical Unit, Marine Scotland Science, Victoria Quay, 
Edinburgh

The Scottish Government and aquaculture producers represented by the 
British Trout Association (BTA) and Scottish Salmon Producers Organisation 
(SSPO), have sought an optimal strategy for the control of Bacterial Kidney 
Disease in Scottish aquaculture.	These sectors held different views as to the 
relative costs of the disease and of control measures and so required a strat-
egy to balance their interests.

What do we want to do?

Marine Scotland wants an optimal Bacterial Kidney Disease (BKD) control 
policy.	This means a control policy that will maximise long-term benefit to 
Scotland through a balance between costs of controls and costs of disease.

Controls are complicated because BKD has different impacts on rainbow 
trout (Oncorhynchus	mykiss) and salmon (Salmo	salar) farms.	One option 
is an averaging control regime intermediate between sector interests, alter-
natively, it may be possible to apply different controls to different sectors.	
Impacts on wild fish are not significant as prevalence of infection is very 
low.

What do we have to know about?
We need the data to assess both the likelihood and consequences of BKD 
outbreaks and the costs caused by alternative control strategies. 

• The prevalence of disease and sub-clinical infection in salmon and 
trout farms.

• Infection in wild fish to confirm the validity of exclusion.
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• How the pathogen spreads and how different control policies may 
interfere with that spread. 

• The consequences of outbreaks in salmon and trout.

• The cost to industry and government of different control policies

However, we must expect gaps in the data and must allow for the resultant 
uncertainties.

Where can we obtain data?

The historic prevalence of BKD (Bruno 1986) and spread of the pathogen 
(Austin 1985) is well documented.	BKD was a major disease of wild fish in 
the 1930s (Smith 1964) but has been absent from wild fish since the 1960s.

Official surveillance is a good source of data on this notifiable disease.	Fish 
Health Inspector (FHI) records from Marine Scotland Science (MSS) show 
a persistent low prevalence of infection as recorded by Designated Area 
Orders (DAOs, now called Confirmed Designation Notices).	FHI have also 
carried out systematic long-term surveillance for BKD in wild fish and have 
found none away from infected farms.	There is some evidence of infection, 
or at least exposure to infection, in the immediate vicinity of farms.	FHI also 
provide detailed case studies of BKD outbreaks which are a useful source 
of epidemiological data.	A final set of data obtained from FHI is from the 
movement authorisation records which allow contact networks to be recon-
structed.

MSS, and other, scientists have also provided information useful for the 
epidemiology of BKD. This includes studies of within-farm spread of 
infection and diagnostic test development and analysis.	An analysis of the 
quantitative Polymerase Chain Reaction (qPCR) method suggests that it is 
much more sensitive at detecting sub-clinical infection than is the standard 
ELISA screening (Hall et	al. 2011).	In fact it suggests the ELISA screening 
as applied by MSS was highly unlikely to detect subclinical infection.	This 
information has been used to change surveillance, but strongly suggests that 
prevalence of sub-clinical infection is under-estimated.

Industry has the most direct experience of handling BKD outbreaks and so 
can be a very fertile source of data.	 Interrogation of industry production 
records has provided a useful assessment of mortality associated with or 
ascribed to BKD.	MSS is developing questionnaires, concerning the costs of 
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disease and of disease controls to apply to industry.	This has proven a slow 
process because it is difficult to develop simple questions whose answers 
provide unambiguous information on complex issues for the use of epidemi-
ologists and economists.

An experiment in obtaining expert opinion was carried out at the Fish 
Veterinary Society (FVS) meeting.	Questions were asked using anonymous 
voting buttons on the prevalence of infection (disease and subclinical) and 
the impact of clinical BKD on both the trout and salmon sectors.	Opinion as 
to prevalence and mortality in salmon and mortality in trout show distinct 
peaks, although with scatter.	However opinions on prevalence in trout are 
distributed almost uniformly (Table 1) indicating uncertainty on the preva-
lence of undetected infection.

TABLE 1: FVS votes on R. salmoninarum and BKD in trout and salmon farms.

<1% 1–2% 2–4% 4–8% 8–16% 16–32%32–64% >64%
Prevalence in 
trout

4 3 3 6 4 2 4 22

Mortality in 
trout

2 5 8 4 5 3 0 0

Prevalence in 
salmon

6 9 3 1 2 1 3 0

Mortality in 
salmon

2 10 4 4 5 3 0 1

Analysis and modelling

The data has been analysed using both epidemiological and economic mod-
elling.	A descriptive epidemiology of BKD was developed (Murray et	 al. 
2012).	 It was concluded that BKD, as measured by DAOs, had been rela-
tively constant for a considerable time.	The major means of spread appeared 
to be movement of fish between sites, other anthropogenic spread probably 
occurred.	 Spread through the environment occurred over short distances, 
certainly between cages within a farm.

This epidemiology was used to develop a simple model (Murray et	al. 2011) 
based on an S-I (susceptible-Infected) approach, with infected farms split 
between diseased (D), known sub-clinical infection (K) and undetected sub-
clinical infection (U).	Model time step was set as the time for 20% chance 
of the spread of infection; we save evaluating transmission rate, the cost 
is information on dynamics.	The recovery rate and other parameter were 
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fitted using the observed steady state and a minimum of assumptions.	The 
principle cause of uncertainty in parameter values is the level of undetected 
infection U.

The model is used to assess alternative management scenarios, such as 
improved fallowing, or increased surveillance.	 These scenarios generate 
outputs in terms of new numbers of cases of disease (D) and sites under 
controls (K+D).	Exact model responses are dependent on pre-change U, but 
generally salmon respond far more strongly than trout to changes in controls 
(Murray et	al. 2011).	Reducing controls on trout may have little effect on D, 
while lessening direct costs of controls, but in salmon the consequence of 
this could be a large increase in D.

A simple model combining numbers of movements between farms and their 
grouping within catchments indicates a high level of separation is attainable 
between an area containing only trout farms and one with catchments con-
taining salmon or both salmon and trout farms (Munro and Wallace 2012), 
so compartmentalisation appears practicable. 

The outputs of the epidemiological modelling provide inputs to economic 
modelling.	The economic modelling also uses observed mortality and other 
data sources to assess fish losses and hence costs associated with BKD cases.	
Costs also include costs of surveillance, provided by FHI and diagnosticians 
in MSS, and the costs of management, such as movement controls and fal-
lowing obtained from industry sources. The total cost, including confidence 
ranges caused by uncertainties, are then used to identify the control strategies 
likely to be most cost effective.

Conclusions

The process’s outputs are information in the form of estimates of the costs 
and benefits of alternative control strategies, allowing these to be compared.	
Modelling is as a decision support tool and not as the source of a definitive 
answer.	Uncertainties exist throughout the process, from the quality of the 
raw data to the modelling assumptions.	One important area of uncertainty is 
the number of undetected sub-clinically infected farms.	However, all deci-
sion making involves modelling (implicit or explicit) and by making this 
process explicit we can increase transparency and identify specific uncer-
tainties for decision makers and for collection of better data.
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Abstract

Seven	outbreaks	of	Heart	and	Skeletal	Muscle	Inflammation	(HSMI)	in	the	
Shetland	Islands	of	Scotland	are	described.	These	outbreaks	were	defined	as	
having	histological	changes	 typical	of	HSMI	where	serology	 for	Salmonid	
Alphavirus	(SAV)	was	negative,	but	some	cases	where	this	serology	was	pos-
itive	are	also	discussed.		Mortality	was	up	to	35%,	and	in	one	case		contrib-
uted	to	the	decision	to	cull	all	the	fish	on	a	site.	There	were	also	cases	where	
the	histology	was	consistent	with	HSMI,	but	serology	was	positive	for	SAV.

Introduction
Heart and Skeletal Muscle Inflammation (HSMI) is a condition of farmed 
Atlantic salmon which was first described in Norway in 1998 (Kongtorp et	al. 
2004) and Ferguson	et	al. (2005) described it in Scottish farmed salmon. The 
pathology was described by Kongtorp, Taksdal & Lyngøy (2004). Palacios et	
al. (2010) described a Reovirus associated with this disease. Between 54 and 
162 cases have occurred in Norway annually since 2004, with 131 in 2010 
(Bornø & Sviland, 2011). 

Here, some cases in the Shetland Islands of Scotland are described.

Methods & Materials
Tissues were sampled from moribund fish into formal saline, processed for 
histology, and stained with Haematoxylin and Eosin (H&E), where HSMI 
was suspected. Blood samples were taken from the tail vein, and sera were 
sent to Agri-Food and Biosciences Institute of Northern Ireland (AFBINI) 
for Salmonid Alphavirus (SAV) viraemia and neutralising antibodies analy-
sis where Pancreas Disease (PD) was suspected. Bacteriology was carried 
out on Tryptone Soya Agar (TSA) (Oxoid) and TSA plus 2% sodium chlo-
ride at 22°C, and  API (20E) (Bio-Merieux) test used to identify the bacte-
rium in one case.
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Results
Cases where the histopathology is consistent with HSMI and serology for 
SAV was negative are described first, then cases with HSMI histopathology 
but positive SAV results.

The number of cases ascribed to HSMI since 2005 have varied between zero 
and two annually (two in 2005, one in 2007, one in 2008, two in 2009, and one 
in 2011, with none in the other years). One incident was diagnosed in February, 
one in May, two each in August and September, and one in November.

The first case seen by this practice was in February 2005, on a site which 
was stocked with 2004 S1s. This site had not been stocked with fish before. 
Fish in two of the cages were off their food, and there were yellow casts in 
the gut. The histology was consistent with HSMI. Mortality fell to normal 
levels within two months.

In September that year, HSMI was diagnosed in 2005 S1s which were in the 
same area as the above case. Again, fish were lethargic, and off their feed. 
HSMI was diagnosed on histology, and serology for SAV was negative. 
Again, mortality fell to normal levels within two months.

In November 2007, heart and skeletal muscle damage consistent with HSMI 
was seen among  2007 S1s which had been re-located, on a site among fish 
which were also suffering from algal toxicity and damage from sea lice 
(Lepeophthirius salmonis, Kroyer) at the same time. This site was in a differ-
ent area to the cases above. The combination of these conditions led to this 
entire stock being culled for welfare reasons. Serology for SAV was negative.

In September, 2008, HSMI was seen in a site near the case above in 2008 
S1s. The fish were lethargic, off their food, and had yellow casts in the gut. 
Histology was consistent with HSMI, and serology was negative. Mortality 
fell to normal levels within two months, but Cardiomyopathy Syndrome 
(CMS) was diagnosed at this site in January, 2009.

All the sites in this second area were fallowed synchronously for six months 
and restocked. Only one fish from one of the restocked sites had histological 
changes in the heart which could have been caused by HSMI.

Two cases were seen in August 2009. In one case, it was seen in 2008 S0s 
which were stocked on the same site as 2009 S1s. The fish were lethargic, 
off their feed, and had casts in the gut. Histology revealed mild to moderate 
necrosis of the cardiac muscle, and severe necrosis and inflammation of the 
red muscle fibres. SAV serology was negative. 

David	Sutherland
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Soon after, the disease was seen in another lot of 2008 S0s. This site had 
never been stocked with fish before. There were two stocks on this site, and 
one stock was diagnosed with a Pancreas Disease type condition in January, 
but a positive diagnosis was not made. The August outbreak occurred in the 
second stock. The fish were lethargic, off their feed, and affected fish had 
yellow casts in the gut. HSMI changes were seen in the heart and skeletal 
muscle, and serology for SAV was negative.

In 2011, the worst case of HSMI this author has encountered to date occurred. 
2010 S1s were moved to another site in September 2010. In April 2011, they 
were crowded before a well boat treatment, and suffered scale damage and 
mortality as a result. Histology taken after this event revealed mild areas of 
degeneration, but this did not appear to be HSMI or PD.

In May, mortality had increased in the other cages, the fish were off their 
feed, and some fish were lethargic.  Serosanguinous fluid was seen in the 
abdomen, as well as petechiae on the body wall and internal organs.  Some 
fish were damaged by seals, but had the same internal pathology. Liver 
necrosis, varying degrees of heart degeneration and necrosis, and skeletal 
muscle damage associated with bacterial infection was seen on histology, as 
well as bacteria in the gut and abdomen. Serology for SAV was negative. A 
Gram negative bacterium producing translucent colonies was isolated from 
these fish, but it did not prove to be a recognised fish pathogen, and most 
closely resembled Acetinobacter. A month later, when mortality was at its 
height, myocarditis and fibre breakdown was seen in the heart, along with 
chronic inflammation in the skeletal muscle of one of the fish sampled, but 
three others had relatively normal muscle.

  Mortality at this site totalled 35% over May and June, and peaked at 0.5% 
per day. After this, mortality returned to normal levels, and stayed low until 
they were harvested.

In addition to the cases discussed above, there were five cases where HSMI 
was diagnosed on histology, but the serology for Salmonid Alphavirus (SAV) 
was positive, suggesting Pancreas Disease may have been present. In another 
two cases, the histology revealed heart and skeletal muscle damage, but there 
was enough doubt not to make a definitive diagnosis. 

HSMI like histopathology was seen in 2007 S1s in in June 2008, near the 2008 
outbreak already described, and shortly after the fish had been split between 
two sites. An increase in mortality, lethargy, and reduced feed response was 
seen. Serosanguinous fluid was noted in the abdomen of the fish on both sites. 

Some	outbreaks	of	Heart	&	Skeletal	Muscle	Inflammation	(HSMI)	in	Shetland	Isles,	
Scotland
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Histology was consistent with HSMI, but serology for SAV was positive. By 
August, mortality had fallen to normal values, but some runts were seen later 
in the year. CMS was also diagnosed here in January 2009 by histology. 

In 2009, histological changes consistent with HSMI occurred on one of the 
sites where a 2005 outbreak occurred. However, serology for SAV was posi-
tive at this site and three nearby sites.

In 2011, HSMI type changes were seen fish stocked in spring 2011 which had 
been previously diagnosed with IPN and Pancreas Disease. In September, six 
fish from this site were sampled for histology. Three of these had changes 
suggestive of PD, and one, possibly a second, pathology suggesting they 
were suffering from HSMI. A sixth fish could have been suffering from 
IPN or PD. SAV antibodies were detected in two of the fish with PD type 
changes, but not the other four. This suggests that both PD and HSMI were 
present on the site. However, mortality returned to normal values in October, 
and the fish did well after this.

David	Sutherland

A typical  victim of the 2011 HSMI outbreak in Shetland. Note the pale liver (1) and 
enlarged spleen (3). The heart (2) appears grossly normal.
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Discussion
It is clear from the above that HSMI has caused several outbreaks of dis-
ease since 2005 among farmed Atlantic salmon in Shetland. It has caused, 
or contributed to, significant mortality in these cases. In one case, it was a 
factor where all the fish had to be culled, and in another, 35% of the stock 
died from HSMI. 

Most outbreaks occurred in August and September, so there was a peak in 
the late summer.

Five outbreaks were in S1s, two in S0s. This reflects the ratio of these two 
types of smolt stocked in Shetland over this period. 

Four outbreaks occurred on the east side of Shetland, two in the south-west, 
and one in the North Isles of Shetland. I have not seen any cases in the North-
west Shetland to date.

The time between input and diagnosis varied between six and fourteen months, 
with an average of eight months. Outbreaks lasted one – two months. Apart 
from the case which led to the fish being culled, the fish came back on to their 
feed, and mortality returned to normal. This reflects the findings of Kongtorp 
et	al. (2006). In the case described by Ferguson et	al. (2005), however, mor-
tality escalated over three months until it was decided to harvest the site out.

Five of the seven outbreaks occurred on sites stocked with one smolt input, 
and two where inputs were mixed. The usual practice in Shetland is to stock 
with one input after a fallow period of six weeks or more, so the proportion 
of sites with mixed inputs and HSMI is probably greater than those present in 
Shetland during this period. Shetland is moving toward synchronous fallow-
ing of farming areas. One area has already been through a long synchronous 
fallow, and another cycle of stocking. This reduced the incidence of disease, 
including HSMI. The area where three of the outbreaks occurred is due to be 
synchronously fallowed in early 2013

In all cases, examined fish had not been eating. In four cases, casts in the gut 
were seen, and in one case, pale livers. 

The question of where the disease originally came from is interesting. The 
first case seen by this practice was on a site which had been stocked for 
the first time. It could have occurred on one of the sites in Shetland that 
this practice is not involved in, or a case may have gone unrecognised in 
Shetland before 2005. Wiik-Neilsen et	al. (2012) detected Piscine Reovirus 
in marine fish, so this is a possible source.

David	Sutherland
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Aldrin et	 al. (2010) found that in Norway, the most important factor in 
whether fish were infected with HSMI was whether there had been infected 
fish before on the site. Only one of the possible outbreaks occurred on a 
site which had been previously infected. They also found that distance from 
affected farms, and contact networks also played a role. In 2005, the two 
outbreaks were in the same area and shared a contact network. The 2009 
outbreaks were in the same area, but did not share contact networks. The 
2011 outbreaks and possible outbreak were near to one another, and shared 
a contact outbreak. In Aldrin’s study, Autumn (S0) smolts were more sus-
ceptible than spring (S1) smolts, but relocated fish were less susceptible. 
Two of the seven outbreaks were in S0s, five in S1s, but this probably 
reflects the proportion of fish stocked in this period.  Two of the outbreaks 
were in relocated stocks, which is a higher proportion than in the general 
population. However, there are probably too few cases to carry out mean-
ingful statistical analysis.

Stress was a factor in at least two of the cases (2007 and 2011), but no clear 
trigger could be found in the other outbreaks. The reason for the high mortal-
ity in 2011 is unknown, although seal harassment could have been a factor. 
The outbreak described by Ferguson	et	al. (2005) started after the fish were 
split in a well boat, similar to the 2011 outbreak here.

The last case is interesting, as HSMI and PD appeared to have occurred on 
the same site. It is possible that PD caused all the histological changes in 
these fish, but was manifested as heart and skeletal muscle lesions in some. 
Alternatively, both HSMI and PD could have been causing disease at this site 
at this time. Poppe (2012) stated that there were some cases where HSMI and 
PD were seen on the same site, and even saw one fish which was positive for 
HSMI, PD and CMS, and suffering from a pancarditis.

We have a serological test for SAV, which causes PD, but not a routine test 
for the Reovirus which has associated with HSMI. However, almost all 
farmed salmon are positive for this virus (North, pers comm), but only some 
sites suffer from HSMI. The virus has even been detected in Chile (Esposito, 
2011) without causing disease. So, the presence of Reovirus cannot be taken 
as confirmation of HSMI.

At present, there is no treatment for HSMI. Husbandry measures such as 
avoiding stress, regularly removing morts, and giving functional feeds, are 
the only measures the farmer can use to alleviate the situation. There is no 
vaccine against HSMI available yet.

Some	outbreaks	of	Heart	&	Skeletal	Muscle	Inflammation	(HSMI)	in	Shetland	Isles,	
Scotland
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