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EDITORIAL

IT ALL COMES DOWN
TO BIOSECURITY...
SCOTT PEDDIE, EDITORIAL DIRECTOR

A

s I write this editorial, the media in the United Kingdom are
going into overdrive reporting on the details of the recent
outbreak of foot and mouth disease in England. What makes
the case particularly newsworthy is that the suspected source of the
outbreak has been traced back to an animal health research
site in Pirbright, Surrey.
The site is shared by two occupants: one is the UK
government’s Institute for Animal Health (an OIE
reference centre for FMD), and the other is the
private pharmaceutical company Merial Animal
Health.
Interestingly, the virus strain has been identified
as Type O1 BFS, which is the strain recovered
from the 1967 FMD epidemic in Great Britain.
This strain is used by both of the enterprises on
the Pirbright site, and only exists in FMD reference
laboratories and pharmaceutical manufacturing plants.
The UK authorities have been working hard since
the first outbreak of the disease was confirmed. To date, there
are three main “mechanism of spread” theories actively under
investigation. These are:
• windborne spread, as winds were in a suitable direction at times
during the risk period
• via effluent released from the laboratory, possibly aided by local
flooding, and

• deliberate or accidental fomite
transmission from one of the
laboratory containment areas.
Whatever the actual mechanism
of the spread turns out to be,
the occurrence of such an
incident is of concern
to both the farming
and animal health industries. The economic
consequences of such a breakdown in biosecurity,
whatever the cause, is enormous. International
trade can be disrupted, and the image of a
country’s food products can be seriously
affected.
Why I am writing about a terrestrial animal
disease in a magazine devoted to aquatic animal
health? Well, the whole episode provides a salutary
lesson for those involved in aquatic animal health
research. The importance of biosecurity and its rigorous
monitoring and enforcement in research facilities cannot be overemphasised.
That is why the outcome of the UK’s investigation into the FMD
2007 outbreak is of critical importance to us all in the animal health
research profession. The final reports should make for interesting
■
reading.

The
importance
of biosecurity in
research facilities
cannot be over
emphasised
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VA C C I N E

SHRIMP PRODUCERS IN BRAZIL
TO BENEFIT FROM AQUAVAC*
VIBROMAX* VIBRIOSIS VACCINE
– THE FIRST AUTHORISED AQUA-HEALTH PRODUCT IN BRAZIL
BY ROBIN WARDLE (SCHERING-PLOUGH ANIMAL HEALTH, SAFFRON WALDEN, UNITED KINGDOM)

A BRAZILIAN
SHRIMP FARM

A CLOSER VIEW
OF A BRAZILIAN
SHRIMP FARM

A

quaculture is a truly global business. As the demand
for farmed fish and shrimp increases, new markets and
industries are emerging at a rapid rate. The highly productive
areas of South America are an excellent example of where climate,
labour and the requirement for global trading goods are building
a healthy and vibrant industry. The ability of Brazil to gear up and
produce for a world market is driving growth at a fast pace. The
main aquaculture species currently produced in Brazil are shrimp
and tilapia.
The key shrimp-producing areas of the northeast of the country
are well established and generate both quality and volume. As with
all fast-growing industries, the development of skills and technology
is crucial to ensure that sustainable markets thrive. Schering-Plough
has a long association within this region and, through a process of
investment, trials and working with the key partners, it is creating
a portfolio of aqua-health products supported by a full technical,
veterinary and sales team.
The company announced recently that it had successfully gained
Brazil’s first authorised licence for an aquaculture health product,
AquaVac Vibromax, a vaccine for preventing vibriosis in white
shrimp (L vanammei).
“Vibriosis has been a major issue for shrimp producers in Brazil.
It severely depresses overall productivity,” says the company’s
aquaculture marketing manager, Rodrigo Zanolo. “High mortality,
poor feed intake, feed conversion and low yields can all combine
to limit crop values. “At recent presentations to launch the vaccine
in Brazil, we reported the successes of the earlier field trials and
highlighted the experiences of the vaccine in other countries,” he
said. The launch meetings attracted widespread interest and were
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attended by key industry individuals with interests in shrimp
production. The technical and veterinary teams at Schering-Plough
are already establishing and supporting AquaVac Vibromax vaccine
programmes with key producers.

SHRIMP PRODUCTION
Shrimp production in Brazil is currently concentrated in the
northeast of the country in the estuary regions that border the
ocean. Production operations are located around the key states of
Rio Grande do Norte, Ceara, Bahia and Piaui. The area provides an
ideal environment for all- year-round production. Production cycles
average 2.5 per year, and average harvest weights are 12g to 13g.
Historically, Brazilian shrimp exports have generated high levels
of export revenue. In more recent times, the strengthening home
currency, the real (R$), has had a negative impact on export levels,

VA C C I N E
A CLASSIC
BRAZILIAN CAGE
SYSTEM FOR
TILAPIA CULTURE

TILAPIA PRODUCTION
Tilapia output in Brazil is currently over 110,000
tonnes per annum, making it the country’s most
important farmed fish. Demand in the home
market is good, and there is a healthy export trade
in fresh fillets to the United States and Europe.
Tilapia breeding is in freshwater cages, with growing
operations taking advantage of the country’s huge
5,000,000ha of lakes from dammed rivers. There are a
number of endemic bacterial diseases associated with
tilapia production.
Schering-Plough is working with key tilapia
producers in Brazil to address priority diseases and
production issues. In parallel with this initiative,
the company is seeking formal registration through
the Brazilian Ministry of Agriculture for further
aquaculture health products. In South America the
company’s antibiotic, Aquaflor*, is already a wellestablished and successful broad-spectrum treatment
for use in treating the major bacterial diseases of
tilapia and other warm water fish. Schering-Plough
Aquaculture also markets AquaVac Garvetil* and
AquaVac Garvetil Oral in Honduras, Mexico, Ecuador
and Venezuela for preventing Streptococcosis.
THE SCHERING-PLOUGH TEAM. FROM LEFT TO RIGHT: RODRIGO ZANOLO (AQUACULTURE MARKET
MANAGER – BRAZIL, ROBIN WARDLE (DIRECTOR OF MARKETING AND TECHNICAL SERVICES
– GLOBAL AQUACULTURE) AND LEONARDO PEREIRA (SALES COORDINATOR – BRAZIL)

particularly to the United States and Europe. Shrimp production
costs are generally higher in Brazil than Asia, so exports to world
markets again are currently more difficult. This leaves the home
market as the key demand area.
Rodrigo Zanolo believes that the benefits from vaccinating for
vibriosis will have a direct impact on margins, and will enable
producers to optimise efficiency and consequently protect margins
through improved health and management.
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AQUAVAC* ERGOSAN*

Schering-Plough’s vibriosis vaccine programmes
also include the company’s unique natural food
supplement, AquaVac Ergosan, which is now also authorised for use
in Brazil. AquaVac Ergosan works by optimising immune responses
in aqua species. This process is understood to aid development and
healthy growth, particularly in times of stress and disease challenge.
Schering-Plough points to the success of AquaVac Vibromax and
AquaVac Ergosan programmes in other key producing areas such
as Mexico and Asia, where it is promoted as an integral part of the
company’s Total Protection Strategy approach to aquaculture health.

SUPPORT AND PIPELINE
A professional team of experienced technical and veterinary support
managers, headed by aquaculture and poultry business manager
Marcelo Nunes, supports Schering-Plough’s aquaculture business
in Brazil. Veterinarians Leonardo Cericato and Leonardo Pereira
are currently working with producers in specific geographic areas
of the country to develop health management strategies on their
farms. They are responsible for demonstrating the efficacy and
cost benefits of Schering-Plough aquaculture health products to
producers under local farming conditions in the country.
Rodrigo Zanolo believes that the approval of AquaVac Vibromax
and the potential of introducing further Schering-Plough vaccines
and antibiotics offer significant advantages to the developing markets
in Brazil. “This is an exciting time for Brazilian producers. We aim
to build on the successful introduction of our Vibriosis vaccine.
Our continuing philosophy is to identify where we have solutions
and products that can prevent and treat disease, and to bring these
products to market.

The group includes strong
research and development,
regulatory, technical service
and marketing teams
“In addition, we are committed to providing a comprehensive
support resource comprising vets and technical specialists to aid
producers and to ensure that the maximum potential is achieved in
key species and disease areas,” Zanolo said.
Brazil, in common with all the countries introducing ScheringPlough’s aquaculture health products, is backed by the full support
of the company’s global aquaculture team. This group offers
extensive aquatic farming and health management experience
from many countries and across a broad range of aquatic species.
The group includes strong research and development, regulatory,
technical service and marketing teams.
Producers or vets in Brazil looking to establish AquaVac vaccine
programmes or seeking further information on Schering-Plough
Aquaculture products should contact rodrigo.zanolo@spcorp.com
or phone +55 11 4613 4031.
Producers and vets in other parts of the world should contact
Schering-Plough Aquaculture’s offices on +44 1799 528 167. Email
spaquaculture@spcorp.com.log or see www.spaquaculture.com ■
Schering-Plough is a global, science-based health care company with
leading prescription, consumer and animal health products. Through
internal research and collaborations with its partners, Schering-Plough
discovers, develops, manufactures and markets advanced drug therapies
to meet important medical needs.
Schering-Plough’s vision is to earn the trust of the physicians,
patients and customers served by its approximately 33,500 people
around the world. The company is based in Kenilworth, New Jersey in
the United States.
See www.schering-plough.com
* AquaVac, Vibromax, Garvetil, Ergosan and Aquaflor are worldwide
trademarks of Schering-Plough Ltd or any affiliated company.

LETTER

The programmes in these countries have resulted in significant
improvements in the size, viability, feed efficiency and harvest value
of shrimp.

ORAL
VACCINATION
OF FARMED
FISH
Dear Editor,
We read with interest the article PerOs and Benchmark say yes to
oral vaccination in the May issue of your publication. We thought
it would be helpful to address some important omissions to
the article and provide additional background to the highly
successful oral vaccine programmes currently available.
Oral vaccination is and has been an important tool in
preventing serious disease in farmed fish for over 10 years.
Schering-Plough has developed oral vaccine programmes under
its Total Protection Strategy that have been adopted in many
countries. Each of these is designed to provide safe and effective
protection suited to the systems and markets for some of the
most damaging diseases in fish, including enteric redmouth
disease, infectious pancreatic necrosis, vibrosis and also selected
pasturella/streptococcus infections in fish and shrimp.
As well as its effectiveness as a prime vaccine delivery method,
oral vaccination has the advantage of being able to provide
booster vaccination to larger and older fish, thereby extending
immunity without requiring further handling or stress. Oral
vaccination can also be highly effective in small fish, where
injection vaccination is not an option. AquaVac IPN oral, for
example, can be administered to young salmon at 1g when fish
are otherwise too small to inject.
The well-documented need to avoid digestive disruption,
protecting antigens and thereby improving the immune response
to vaccination led Schering-Plough to develop the unique and
patented AquaVac* Antigen Protection Vehicle (APV) in 1995.
APV technology protects the oral vaccine in the acid environment
of the stomach, allowing the antigens to be delivered intact to
the hind gut, where they are absorbed, activating an effective
immune response. APV allows for the vaccine to be mixed into
any standard feed, either at the mill or on the farm.
New oral vaccines are only brought to market following a
rigorous registration process, which includes both the antigens
and the delivery system. Product approval from the respective
authorities is granted only when the highest standards of
efficacy, consistency and safety are clearly proven. This process
provides the necessary confidence in effectiveness and safety to
producers as they farm and sell their fish into world markets. The
investment in research and development to maintain progress in
product development and disease management is a major and
ongoing commitment by Schering-Plough.
We welcome innovative methods of vaccine delivery and
products that seek to improve fish health and welfare. However,
it should be recognised that fully licensed oral fish vaccines,
established vaccine management programmes and methods of
delivery are already providing highly effective and extensive
protection against a wide range of damaging diseases.

Robin Wardle
Director of Marketing and Technical Services
Schering-Plough Global Aquaculture

■
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DIAGNOSTICS

DIAGNOSTIC
LABORATORY SERIES
SERIES EDITORS: DAVE GROMAN AND FRANCK BERTHE
(ATLANTIC VETERINARY COLLEGE, UNIVERSITY OF PRINCE EDWARD ISLAND, CANADA)

A

variety of service, research and teaching laboratories exist
worldwide which support the aquaculture industry. These
laboratories often offer disease screening and diagnostic
services, with various levels of testing and quality assurance.
In addition, some laboratories may not engage in pro-active
international marketing. As a result, many aquaculture companies
and their fish health service providers are not always aware of the
range of laboratory resources available in the global marketplace.
This series of laboratory articles will provide Aquaculture Health
International readers with a guide to diagnostic laboratories which
offer regional, national or global “routine – fee for service” veterinary
diagnostic services to finfish, mollusc and crustacean producers and
their veterinary service providers.
In addition, the articles will focus on affiliations that these
diagnostic laboratories may have with universities, government
agencies and institutes linked to aquatic health training or research.
The articles will seek input from each laboratory as to their strategic
goals and operational philosophy.
This objective services review, in combination with subjective
input on management philosophy, will provide readers with a

balanced description of the laboratory, and will ultimately help
aquaculture veterinary professionals to make informed decisions on
selecting appropriate diagnostic service laboratories, aquatic health
training and research programmes.
To accomplish this, we will provide a formative review of the
services provided by each laboratory, with the approval and assistance
of the company, programme or laboratory management. To this end,
we have developed an aquatic health diagnostic services evaluation
checklist which will detail information on the type and scope of
services offered:
• quality assurance programmes
• referral options
• reporting methods
• client base, and
• the cost of testing.
We will strive to capture a thorough description of the diagnostic
component of the laboratory, with a capsulated summary of services
provided. If a laboratory prefers not to participate in the series, we
will only provide a description based on published information,
public advertising or government documentation.

FEATURED DIAGNOSTIC LABORATORY:
Micro Technologies Inc. (Richmond, Maine, USA)
BY BILL KELEHER, CEM GIRAY AND MICHELE WALSH

M

icro Technologies has provided an array of
aquatic animal health services and solutions
to both domestic and international clients
since 1996. The company’s mission is to provide
high quality professional services to clients to enable
them to make informed management and operations
decisions, and afford them greater control over
unpredictable areas such as government regulation
and (emerging) disease management.
In its 12 years of experience in the aquatic realm,
Micro Technologies has worked with clients in the
commercial, university, government and research
sectors to meet a wide range of aquatic animal
health-related needs.
The company has extensive health experience with
species ranging from salmon, cod, cobia and koi to
bivalve shellfish and shrimp. Micro Technologies
also prioritises exceptional customer service, which
results in a high level of client loyalty.
Its extensive knowledge of needs and desires in the
aquatic animal health field led Micro Technologies to
develop services that cater to the complex demands
of aquatic animal cultivation and research.
Under the supervision of our staff veterinarian
and doctorate-level microbiologist, the company
provides timely and accurate diagnoses to our clients,
along with guidance about corrective and/or preventive measures.
The laboratory’s ability to provide not only health certification
8 AQUACULTURE HEALTH INTERNATIONAL AUGUST 2007

THE COMPANY’S WEB SITE WITH ELECTRONIC CLIENT REPORT ACCESS

services but also assistance on regulatory matters to help clients
navigate the sometimes daunting maze of state and international
health requirements.

On-going research includes
the development of a vaccine,
and a non-lethal detection kit for
koi herpes virus anaemia
SERVICES PROVIDED
A wide range of diagnostic, health certification, research, and
veterinary services is available, including:
• Virology
• Bacteriology
• Molecular biology
• Histopathology
• Parasitology
• Import/export health certification
• Regulatory assistance
• Pathogen surveillance
• Veterinary diagnostics
• Treatment assistance
• FDA INAD assistance
• Contract research, and
• Biosecurity audits

HADDOCK HEALTH WORK-UP

Targeted pathogen surveillance, research and consultation.
Micro Technologies has worked closely with the United States’
Department of Agriculture and state regulatory authorities
assisting with the Infectious Salmon Anaemia Control Programme
within Maine. The laboratory has analysed over 10,000 samples
using cell culture, fluorescent antibody testing and PCR, fulfilling
a key component of the surveillance programme.

CATEGORY

SITE VISIT

WATER QUALITY

PHYCOLOGY

PM

CLINICAL
CHEMISTRY

HAEMATOLOGY

CYTOLOGY

HISTOPATHOLOGY

ELECTRON
MICROSCOPY

BACTERIOLOGY

MYCOLOGY

VIROLOGY

PARASITOLOGY

TOXICOLOGY

SEROLOGY

ENDOCRINOLOGY

Aquatic health diagnostic services evaluation checklist
The following table summarises the level and diversity of aquatic diagnostic testing provided, as well as information
on the method of pathogen or agent confirmation, laboratory quality assurance, referral services, reporting
options, client base and cost of testing (see key below).

Finfish

F

NA

S

F

NA

S

NA

F

NA

F

F

F

F

NA

S

NA

Molluscs

F

NA

S

F

NA

S

NA

F

NA

F

F

F

F

NA

NA

NA

Crustaceans

F

NA

S

F

NA

S

NA

F

NA

F

F

F

F

NA

NA

NA

Agent ID

M

Quality assurance

IN

Referral

A

Reporting
Client base

M

M

IN

IN,EX*

A

A

A

A

A

A

A

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

$

$

$

$

$

$

Cost ($)

M,C,I,G M,C,I,G M,C,I,G M,C,I,G

IN

I

IN,EX*

IN,EX*

IN,EX*

IN,EX*

IN

A

A

A

A

A

A

A

A

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

P,F,E,W

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

R,N,I

$

$

$

$

$

$

$

$

$

$

KEY
Scope of testing
Pathogen/agent ID

Quality assurance scheme
Referral testing

Full testing available = F
Selective testing = S
By morphology = M
By culture = C
By immunology/serology = I
By genomic / molecular = G
By analytical chemistry = AC
Internal quality control = IN
External quality assurance/ring testing = EX
Certification = ISO
Available = A
Not available = NA

Reporting options

Client base
Cost of services

By post = P
By fax = F
By email = E
By website = W
Regional = R
National = N
International = I
Full cost recovery = $
Partial subsidy = P$
Full subsidy = F

EX* = Approved through the United States Department of Agriculture, the designated OIE competent authority.
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DIAGNOSTICS

FEATURED DIAGNOSTIC LABORATORY: MICRO TECHNOLOGIES INC.
VETERINARY FIELD
SURVEILLANCE

Additionally, collaborative work with the USDA has been
conducted with spring viremia of carp virus, including studies to
determine appropriate inactivation protocols and refining culture
and molecular methods for detecting the virus in water.
On-going research through the US Departments of Commerce
and Agriculture includes the development of a reverse genetics
infectious salmon anaemia virus vaccine, and a non-lethal
detection kit for koi herpes virus. These, along with other research
endeavours, give the company the opportunity to address key
problems affecting the aquaculture sector.
With the increasing importance of aquatic pathogen
management, Micro Technologies has been working with clients
to perform facility-level biosecurity assessments. From this, a

SALMON BROODSTOCK
CERTIFICATION TESTING

tailored best management plan can be developed to help farmers
manage their operations more securely. Micro Technologies’
breadth of services allows farmers to take a holistic approach to
managing their operations.
Import/export health certification. The company is currently
approved by the United States Department of Agriculture’s
Animal Health Inspection Service to test for over 20 different
finfish and shellfish pathogens. Under this laboratory approval
programme, and in conjunction with our USDA-accredited
veterinarian, Micro Technologies has been able to assist a number
of clients who export aquatic animals to Europe, South America,
Australia and Asia.
Over the years we have facilitated the movement of healthy
aquatic animals around the world, including salmon ova to
Ireland, marine polychaete worms to South America and Europe,
and eels to Asia and Europe.
A key strength of the company has been the ability to combine
its expertise in testing methodologies and understanding of
complex regulatory requirements to facilitate high quality
products and pathogen-free animal movement in the international
marketplace.
Emerging disease surveillance and policy consultation. With
the discovery of the viral haemorrhagic septicaemia virus in
the Great Lakes of North America, there has been an increased
level of vigilance for aquatic pathogens. Micro Technologies has
been at the forefront in providing testing services to numerous
aquaculture operations, bait fish harvesters and state regulators
in and around the Great Lakes region.
The company continues to work closely with industry
representatives, researchers and regulators in the Great Lakes
states to facilitate a pathogen management and surveillance plan
appropriate for the natural resource and industry needs in the
face of this emerging disease crisis.

COLLABORATIONS AND LINKS
Micro Technologies has collaborations with numerous
educational, government and research institutions, giving the
company access to professionals who specialise in a wide range
of aquatic species disciplines. The company has relationships
with the University of Maine, the University of Connecticut,
the Woods Hole Oceanographic Institute, the Mount Desert
Biological Laboratory and the Bigelow Laboratory.

CONTACTS
President: Bill Keleher, wkeleher@microtechnologies.biz
Laboratory director: Dr Cem Giray, cxgiray@microtechnologies.biz
Staff veterinarian: Dr Michele Walsh, mwalsh@microtechnologies.biz
■
Phone +1 207 737 2637, or see www.microtechnologies.biz
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PRESENT STATUS, CHALLENGES, FUTURE PROSPECTS
BY CEDRIC KOMAR, ZILONG TAN AND WILLIAM J ENRIGHT

Extracted from the article Health Management Practices for Cage Aquaculture in Asia
– a key component for sustainability, written by Zilong Tan, Cedric Komar and William
Enright, and presented at The 2nd International Symposium on Cage Aquaculture in Asia
(CAA2) held in Hangzhou, China on July 4-6, 2006. A complete version of the article will be
published in the proceedings of CAA2.

T

oday, aquaculture is the fastest-growing food-producing sector
in the world compared to terrestrial animals, and 90 percent
of world aquaculture production is in Asia. However, from the
moment man started to culture fish, fish diseases have changed from
being an interesting phenomenon to an important socio-economic
problem. Infectious disease is considered to be the industry’s
single most important cause of mass mortality and economic loss.
Health problems have two fiscal consequences on the industry: lost
productivity due to animal mortality and morbidity, and lost trade
due to food safety issues. In this paper, an overview is given about
the current situation regarding health management practices in
Asia, and some recommendations for improvement are discussed.

PRESENT STATUS
The intensification of aquaculture and the globalisation of

the seafood trade have led to remarkable developments in the
aquaculture industry. Nevertheless the industry, particularly Asian
aquaculture, is paying a price for this unprecedented growth in
terms of deterioration in environmental and fish health conditions.
In recent years, disease outbreaks are becoming more frequent in
the region, and the associated mortality and morbidity have caused
substantial economic losses. According to Wei 2002, outbreaks of
bacterial diseases caused losses of over US$120 million to the fish
aquaculture industry in China between 1990 and 1992.
In 1994, marine fish diseases caused industry losses of $114.4
million in Japan alone (Arthur and Ogawa 1996). In addition,
within a three-month period, koi herpes virus (KHV) infection
of common carp led to losses of approximately $5.5 million for
Indonesian farmers in one area alone (Bondad-Reantaso 2004).
IntraFish Media reported in 2004 that, “the FAO recently

TABLE 1: MAJOR FISH PATHOGENS IN ASIA
TEMPERATURE ZONE/
SPECIES

PATHOGENS
BACTERIA

VIRUS

PARASITES

Temperate
marine species
(yellowtail, amberjack,
red sea bream, etc)

Aeromonas salmonicida
Edwardsiella tarda Lactococcus
garvieae
Listonella (Vibrio) anguillarum
Mycobacterium spp
Nocardia seriolae
Photobacterium damsela ssp
piscicida
Rickettsia spp Tenacibaculum
maritimum

Iridovirus
Lymphocystis virus (LCDV)
Nodavirus (Nervous necrosis virus)
Rhabdovirus (viral haemorrhagic
septicaemia)
Yellowtail ascites virus (YAV)

Benedenia spp
Caligus spp
Cryptocaryon irritans
Heteraxine spp
Kudoa spp
Microsporidium spp
Myxobolus spp
Neobenedenia spp
Paradeontacylix spp
Philasterides dicentrachi
Trichodina spp
Amyloodinium spp

FUNGI

Warmwater
marine species
(Asian seabass,
groupers,
snappers, etc)

Nocardia spp
Vibrio sp (big belly disease)
Streptococcus agalactiae
Streptococcus iniae
T maritimum

Iridovirus
Nodavirus

Amyloodinium spp
Brookynella spp
Benedenia spp
Caligus spp
Cryptocaryon irritans
Dactylogyrus spp
Gyrodactylus spp
Glugea spp
Neobenedenia spp
Sphaerospora spp
Trichodina spp

Ichthyophonus sp

Freshwater species
(tilapia, catfish,
carp, etc)

A hydrophila
Edwardsiella. ictaluri
E tarda
Flavobacterium columnare
Francisella-like organism
Nocardia spp
S agalactiae
S iniae

Aquareovirus (grass carp
haemorrhage virus; GCHV)
Iridovirus
Koi herpes virus (KHV)
Spring viraemia of carp virus
(SVCV)

Argulus spp
Dactylogyrus spp
Gyrodactylus spp
Diplostomum spp
Eimeria spp
Ichthyophthirius spp
Lernea spp
Myxobolus spp
Piscicola geometrica
Sanguinicola spp
Sphaerospora spp
Trichodina spp

Aphanomyces
invadans
Branchiomyces spp
Saprolegnia spp
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TABLE 2: DIFFERENCES BETWEEN FARMING OF SALMONID AND ASIAN SPECIES

Farming system
and practice

Feed technology

Health
management

SALMONIDS

ASIAN SPECIES

• mainly salmonid family
• integrated industry
• single species per
farm
• all-in, all-out
approach, with
fallowing
• hatchery fry
• optimal stocking
density
• zoning policy
• established market

•
•
•
•
•
•
•
•

• knowledge on
nutrition
• optimised dry feed
• good FCR

• little knowledge of
feed
• largely using trash fish
• generally poor FCR

• knowledge on
diseases
• acceptable survival
95 percent
• focus on prevention
• biosecurity and
sanitation
• documentation
• vaccination

• lack of proper
disease diagnosis
• “normal” survival ≤ 50
percent
• focus on treatment
• lack of biosecurity
• poor record keeping
and analyses
• few vaccines
available

over 50 species
“backyard farming”
mixed species
mixed age groups
no fallowing
many wild-caught fry
high stocking density
no zoning and
licensing
• fluctuating markets

Bacteria – Viruses – Fungi - Parasites
Resistance
Ecosystem

Diseases
(mortality)
Antibiotics &
chemicals

CHALLENGES

More demand on
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Æ price & profit

Government
Consumers
Activist groups

Market & trade

FIGURE 1: THE NEGATIVE IMPACTS OF INFECTIOUS DISEASES ON
SUSTAINABILITY OF THE AQUACULTURE INDUSTRY

In marine cage culture in coldwater countries (Northern Europe,
Canada and Chile), the focus has been put on only one family of
cultured fish (Salmonids). Therefore, most resources available are
used for optimising the culture of these fish (including disease
control).
This is in stark contrast to the above-mentioned situation in
Asia. A survival rate lower than 95 percent in salmon is a sign of
suboptimal health, whereas a survival rate of 50 percent is often
considered acceptable in Asia. It is therefore useful to highlight the
main characteristics of these two very different aquaculture regional
situations. Table 2 illustrates the differences.
The intensification of salmon production has led to the separation
of fry production (hatcheries) and on-growing sites, optimised feed
and feeding strategies, good quality fingerlings that are virtually
disease-free, and good farm management.
In Asia, most farms produce different species of fish at the same site.
No segregation in year classes is made, something that is obligatory
for salmon in Europe. Trash fish are widely used as feed, fry are often
either caught wild or derived from wild-caught broodstock, and the
culture techniques per species are not yet established.
Furthermore, legislation and implementation regarding farm
licences and zoning policy is not in place in most Asian countries.
With the so-called “gold rush” mentality, this often results in too
many fish and too many farms in a concentrated area, which
promotes the spread of diseases. The combination of all those
factors, together with the diversity of organisms in tropical waters,
leads to a truly challenging disease situation with a variety of entry
points for pathogens.
Figure 1 illustrates how diseases are threatening the sustainability
of the industry in the region. A disease causes mortality and
morbidity. When antibiotics or chemicals are not used properly for
treatment there are negative consequences. One main problem is
residues in aquatic products, which in turn give food safety concerns
and trigger trade barriers.
In the past several years, residue problems have often created a
negative image for the aquaculture industry in Asia. Farmers in
Asia tend to stock more fish to compensate for mortality. The low
production efficiency not only increases production costs, it also
wastes natural resources and creates unnecessary pollution. This has
caused concerns by consumer activists and environmental groups
(New 2003). Clearly, something must be done to keep the industry
sustainable.

FUTURE PROSPECTS
Asian aquaculture will continue to grow at a fast pace due to both area
expansion and production intensification. Under these conditions,
the prevalence and spread of infectious diseases will unavoidably
CONTINUED ON PAGE 14

▲

An interesting comparison can be drawn between Asian traditional
marine cage farming and salmon farming. Indeed, salmon has been
considered as the model species of modern aquaculture, especially
for cage farming. This industry has developed dramatically in the
last 20 years, and now produces nearly 1.5 million tonnes annually
(FAO Fishstat Plus).
Produced largely by two countries (Norway and Chile), salmon
products can be seen in virtually every supermarket in the world.

Water
pollution
resources (space, animals
& feed) & low productivity

Residues

sent out an alert in a press release about the dangers that some of
these diseases can pose, not only for human health, but also they
can paralyse regional food-producing sectors and leave thousands
of farmers and producers out of work and with no income. Asia
has particularly been mentioned, where millions of people live
off fishing or aquaculture or both”. Thus, disease is undoubtedly
one of the major constraints to the production, profitability and
sustainability of the aquaculture industry.
Asian aquaculture is characterised by an enormous diversity
of species, with several dozen marine species being farmed.
Consequently, more resources are needed to understand the basic
epidemiology of diseases in the various species. Epidemiology
data is scarce, as is basic data on the immune system of Asian fish
species. This hampers the development of effective strategies for
disease control. Also, most farming is operated on a small scale, and
technical support, including disease diagnosis and training, is often
lacking at farm level.
Nevertheless, in the past few years, more attention has been given
to identifying etiological agents involved in fish disease epidemics.
Pathogens can be classified into bacterial, viral, parasitic and fungal
groups. Table 1 shows the major pathogens affecting the fish farming
industry in Asia (Bondad-Reantaso et al 2005, Komar et al 2005, Labrie
et al 2005a, Leong et al 2005, Leong et al 2006, Tan et al 2003).
In fish, clinical signs of a given disease are rarely unique, and it is rarely
possible to base a diagnosis solely on field observations. Unfortunately,
this is very often the only method available to Asian farmers, as access
to laboratories is rare. As a consequence, the treatment course is
generally decided without proper disease diagnosis.
Accurate disease prevention is therefore difficult. A general
improvement of disease management should come from a general
improvement of husbandry practises and knowledge on disease and
health management.

Deterioration of
environment

For information, please contact:
Asia: Intervet Norbio Singapore • Phone: + 65 6397 1121 • Email: info.aquaINS@intervet.com
Salmonid countries: Intervet Norbio • Phone: +47 5554 3750 • Email: info.norbio@intervet.com
Elsewhere: Intervet International • Phone: +31 485 587600 • Email: info.aqua@intervet.com • http://aqua.intervet.com/
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FIGURE 2: NORWEGIAN SALMON PRODUCTION, CONSUMPTION OF PURE
ANTIBIOTICS AND THE EFFECT OF VACCINES

TABLE 3: PRACTICAL RECOMMENDATIONS TO FISH FARMERS IN ASIA
DO

DON’T

Use healthy (not necessarily
cheap) fry
Quarantine incoming animals
Use formulated pellet feed
Grade fish periodically
Monitor water quality
Record diseases and feeding
Observe withdrawal period of
drugs
Remove dead fish at least once
a day
Clean and disinfect equipment
Vaccinate if available

Place your farm too close to others
Have several species in one farm
Use fingerlings from unknown
sources
Overstock (to overcome low
survival)
Use trash fish
Overfeed
Use drugs without diagnosis
Leave or throw dead fish in the
water
Restock fish without cleaning the
cages
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Sustainability

• Breeding & genetics
• Water treatment
• Nutrition/feed
Academia
• Husbandry
• Carrying capacity
• Epidemiology
• Antiparasitics
• Vaccinology

• Coordination
• Policies (zoning,
license, move of
animals, registration)

Government/ • Funding
NGOs
• Extension (diagnosis)
• Education
• Capacity building

FIGURE 3: SUSTAINABILITY IS THE SHARED RESPONSIBILITY OF
ALL STAKEHOLDERS, INCLUDING THE PRIVATE SECTOR, GOVERNMENTS
AND ACADEMIA

summary, some of the practices recommended for the fish farming
industry for disease control are given in Table 3.
Sustainability is a shared responsibility. Collaborative efforts from
governments, non-governmental agencies, academia and the private
sector are on-going in order to standardise aquaculture practices
(codes of practice) and to promote good health management for
disease control (Figure 3).
As Asian aquaculture continues to grow, disease problems will
inevitably become worse unless key steps are taken. Under the
threat of disease epidemics, the vigilance of governments and
consumers regarding food safety, the industry must undergo
changes. Therefore, disease research and the implementation of new
disease control concepts are necessary.
Collectively, this includes the use of healthy fry, quarantine
measures, optimised feeding, good husbandry techniques, disease
monitoring (surveillance and reporting), sanitation, vaccination
and the responsible use of chemicals and antibiotics when diseases
occur. Overall, the emphasis must be on prevention rather than
cure (treatment). This is the only way to sustain a responsible yet
profitable Asian aquaculture industry.
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increase as a result of higher infection pressure, deterioration of
environmental conditions and movement of aquatic animals.
Accordingly, the effective control of infectious diseases has become
more and more important in the cultivation of aquatic animals.
Good health management is the “silver bullet” for disease control.
Collectively, this includes the use of healthy fry, quarantine measures,
optimised feeding, good husbandry techniques, disease monitoring
(surveillance and reporting), sanitation, biosecurity and vaccination.
The emphasis must be on prevention rather than treatment: “one
gram of prevention is better than a kilogram of cure”. The major
advantages of prophylactic vaccination over therapeutic treatment
are that vaccines provide long-lasting protection and leave no
problematic residues in the product or the environment. Figure 2
clearly indicates that the introduction of vaccines has greatly
reduced the use of antibiotics in Norwegian salmon production.
Vaccination can be compared to an insurance policy. It is worth
paying a basic fee for a policy that would later cover the costs of a
more expensive disease that may occur. Similarly, vaccination is a
preventive measure that protects fish against a future disease and
the associated costs due to morbidity, mortality and therapeutic
treatment.
However, just as an insurance policy will cover the costs of an
accident only if this fits the clauses of the insurance contract,
a vaccine only protects against specific diseases. For example, a
vaccine against Streptococcus iniae will protect the vaccinated fish
against this specific species of Streptococcus, but not against other
streptococcal species such as Streptococcus agalactiae.
In the past, fish vaccines were mainly available for salmonid
species. But the situation is changing, with new vaccines being
registered in Asia for Asian species (Grisez and Tan 2005). However,
it must be remembered that vaccination is only one of the tools
for good health management and it is not sufficient on its own
to guarantee high survival and profitability. All the measures
mentioned previously with respect to general husbandry practices
are needed to sustain a successful aquaculture industry in Asia. In
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ormal fertility in the wild is an indicator of the health and
stability of the fish population. Because of their failure to
reproduce properly, many fish species have been registered as
endangered, threatened or at risk from extinction.
The aquatic habitat is a diverse environment. Fertility can be
drastically affected by the negative end results of interfering with
environmental variables (water pH, salinity, oxygen concentration,
turbidity, temperature, current, water depth, floods, microbial and
parasitic fauna) during the normal physiological reproductive cycles
of an aquatic animal.
The core structure for the reproductive system in fish is typically
similar to that of mammals (ova for female and sperm for male).
Infectious agents affecting both the female ovary and the male testis
can interfere with the normal production and development of ova
and sperm. Indeed, such interference may ultimately result in reduced
reproductive efficiency or even the complete cessation of reproduction.
Infectious agents include a number of bacteria, viruses and parasites,
which affect fish either directly by infecting the gonads, or indirectly by
disrupting the hormonal system controlling the reproductive process.
Renibacterium salmoninarum is a good example of a bacterial
pathogen able to spread by both horizontal and vertical routes of
transmission. When fish get infected with this pathogen, the kidney
is affected first as a target organ; the pathogen then disseminates from
the kidney to other organs through the circulatory system.
In addition, the obligate intracellular nature of the pathogen enables

it to invade cells of other tissues in the
vicinity, including the ovary. Thus, ova
can be infected either through eggshell
contamination from the infected
DR ALAA EISSA
ovarian fluid, or through direct invasion
of the pathogen via the egg micropyle.
Vertical transmission of the pathogen allows the continuous and
simultaneous spread of the disease from one generation to another.
The presence of such a pathogen drastically affects reproducibility,
fecundity and growth.
An important group of chemicals possess an ability to interfere with
the hormonal system controlling the gametogeneis in fish and aquatic
mammals, which ultimately results in abnormal “sex reversal”. This
group of chemicals is known as endocrine disrupting chemicals, or
xenobiotics.
Xenobiotic pollutants may disrupt reproductive endocrine function
by acting on the hypothalamus, pituitary, gonad or liver. Disruption
at any of these sites may result in either changes in the rate of gonadal
development or in the viability of the gametes.
The production of high-quality gametes is dependent upon the
correct hormonal milieu throughout their development, and any
disruption of hormonal balance may result in abnormal sperm or
eggs. Such effects may be apparent at levels of pollutant lower than
that which causes arrest of gametogenesis or decreased gonadosomatic
■
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INTERNATIONAL:
New look for
Aquaculture Europe

The award-winning company will use shark
antibodies to create new therapies for delivering
drugs to combat key diseases like cancer. It has
Aquaculture Europe, the magazine
obtained the licensing rights for the technology,
of the European Aquaculture
which was developed at the University of
Society, has undergone a major
Aberdeen. The move means Haptogen can now
transformation in both format and
further commercialise the research, which they
content. The new-look magazine,
believe will lead to better and more effective
released to subscribers in March,
treatments.
comprised a range of feature
Haptogen was spun out from the university in
articles, EAS news, European
2002, and its founders won the Ernst and Young
research roundups, book reviews,
UK Entrepreneur of the Year Award for Science
and a comprehensive section
and Technology in 2005.
on forthcoming conferences,
The partnership agreement will also generate
workshops and other aquaculture
a new revenue stream for the university, which
events. For further information
will get a share of the royalties and other
on the magazine and membership
performance-related income. It consolidates
of EAS, see www.easonline.org.
Aberdeen’s position as an international centre for
excellence
in biologics, one of the fastest-growing
THE LATEST CO
VER OF THE NE
W-LOOK
UNITED KINGDOM:
areas of drug discovery.
AQUACULTURE
EUROPE MAG
AZINE
Koi herpes virus
Antibodies are disease-fighting proteins in
disease outbreak confirmed
the blood created by the immune system that
A Cefas news release issued on July 26 confirmed that
tackle bacteria, viruses and other foreign substances. Shark
movements of fish in and out of a Lancashire fishery have
antibodies are the smallest antibodies found in the animal
been restricted following the confirmation of koi herpes virus
kingdom. Sharks have been around since before the
disease. Defra has issued a designated area order prohibiting
dinosaurs, and this may explain why they have had time to
the movement of fish to and from Kingsdown Flash, Abram,
generate such an interesting and potent immune system.
Wigan, in Lancashire.
The University of Aberdeen has developed an approach
Samples were taken from the affected fishery following
that will allow the creation of a massive “library” of shark
reported deaths of fish. It became a legal obligation to notify
antibodies constructed from small blood samples taken from
suspicion of KHV disease on April 6. The measures developed
a few live sharks. Haptogen has created a technology that can
in partnership between the government and the industry to
browse this library and locate the antibody most suited for
help combat outbreaks were announced on May 21.
tackling specific diseases.
Harnessing the technology for drug delivery means
Spring viraemia of
Haptogen can take a new class of drugs to areas or organs
carp outbreak confirmed
of the body that are considered difficult to treat, such as the
According to a Cefas press release of July 4, movements
brain or solid cancer tumours. The technology also means
of fish in and out of a North Yorkshire fishery have been
they can create new methods for getting biologic drugs into
restricted following the confirmation of spring viraemia of
the body, including via the lung or even orally. This class of
carp. Defra has issued a designated area order prohibiting
drugs is traditionally administered by injection.
the movement of fish to and from The Willows, Hessay, York,
The vice-principal for research and commerce, Professor
North Yorkshire, following confirmation of the presence of
Dominic Houlihan, said the technology will provide businesses
the disease in fish at the site.
with opportunities for collaboration within the major sectors
Samples were taken from the affected fishery following
of medicine and healthcare, renewable energy and oil and
reported deaths of fish at the site. SVC is a serious viral
gas. Haptogen was just one of the university’s many success
disease that affects common and ornamental carp, as well
stories.
as various other species, including tench, goldfish and Wels
The original research was funded purely as an exercise in
catfish.
fish biology, Professor Houlihan said. “But then the scientists
Anyone who imports, keeps or retails carp or other
involved realised there was real potential in using these shark
susceptible species should take strict precautions to prevent
proteins to detect and prevent disease.”
the spread of SVC and follow the advice set out in Defra’s
The next major step was funding from the Scottish Enterprise
advisory booklets, Combating Fish Disease and Keep Fish
Proof of Concept Fund. “And now the announcement is
Disease Out.
that one of our spinout companies, Haptogen Ltd, and the
SVC is widespread in continental Europe. In 1988 there was
University of Aberdeen, have signed a licensing agreement.
a major outbreak in England and Wales, with 40 sites affected.
This is a tremendous example of blue skies thinking leading
Prior to 1988, only four cases had been recorded in Great
to commercial potential,” Professor Houlihan said.
Britain. This is the first recorded case this year. There were no
The Haptogen deal is also good news for Scottish
cases in 2006.
Enterprise, which awarded funding to researchers Professor
See www.defra.gov.uk/fish/fishfarm/diseases.htm
Andy Porter, chair of biotechnology at the University of
Aberdeen, and Professor Chris Secombes, head of the School
Award-winning company creates
of Biological Sciences, from its Proof of Concept Programme.
shark therapies
The programme supports leading technologies and aims to
One of Scotland’s most successful biotech companies,
help export innovation from the laboratory into the global
Haptogen, is pioneering new drug discovery techniques using
marketplace.
the immune system of sharks after striking a significant deal
“The small size and robustness of shark antibodies, when
with the University of Aberdeen.
combined with Haptogen’s powerful new drug screening
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techniques, will produce a new generation of potent and
safe drugs that can specifically target some of society’s
most serious killers, such as cancer and infectious disease,”
Professor Porter said.
“Haptogen is delighted that through this licensing deal it is
able to realise the commercial potential of shark antibodies,”
said the company’s chief executive officer, Jim Reid. “The shark
platform further adds to Haptogen’s technology offering, and
maintains our position as a leading innovator in the area of
biologic drug discovery.”
Eleanor Taylor, the head of the proof of concept programme
for Scottish Enterprise, said it was exciting to see a Scottish
company continuing to develop and grow. “This technology
started its journey by participating in our programme, one
of Scottish Enterprise’s initiatives that is taking Scotland’s
technological breakthroughs and innovations out of the
laboratory, and transforming them into businesses that can
become world leaders in their field. This announcement
supports the decision announced to invest a further £30
million in the programme.”

UNITED STATES:
New VHS fact sheet published

be harmful to people.
Regulatory agencies in the United States and Canada have
already restricted the movement of fish or fish products that
could pose a risk for the spread of VHSV to regions outside
of the currently known geographic range. These restrictions
include requirements for viral examinations by standard
methods.
The new USGS fact sheet reviews important factors in how
to isolate VHSV Genotype IVb using cell culture assays and its
identification by the polymerase chain reaction assay.
Contact the:
US Department of the Interior, US Geological Survey
Office of Communication, 119 National Centre, Reston, VA
20192
William Batts
Phone 206 526 6282 x231, or email bill_batts@usgs.gov
Jim Winton
Phone 206 526 6282 x328, or email jim_winton@usgs.gov
Catherine Puckett
Phone 352 264 3532, or email cpuckett@usgs.gov
To download the fact sheet, see the Biology – Fisheries:
Aquatic and Endangered Resources Programme website,
www.biology.usgs.gov/faer

DEC detects VHS in dead fish
Ongoing deaths of smallmouth bass and rock bass in
Skaneateles Lake have been linked to viral haemorrhagic
septicemia, the New York State Department of Environmental
Conservation said on June 19.
Skaneateles Lake, one of New York’s Finger Lakes, is the
second location where VHS-infected fish have been found in
a New York waterbody outside of the Great Lakes. VHS has
been previously confirmed in Lakes Ontario and Erie, the St
Lawrence River, the Niagara River and Conesus Lake.
On May 8, DEC staff investigated a fish kill of rock and
smallmouth bass at Skaneateles Lake. Moribund rock bass
and smallmouth bass were collected and sent to the College
of Veterinary Medicine at Cornell University for testing.
The tests were positive for VHS, and fish have been sent to
the United States Geological Survey Laboratory in Seattle,
Washington, for confirmation.
Since the initial collection, sporadic die-offs have resulted
in thousands of rock bass and smallmouth bass washing up in
various locations along the Skaneateles Lake shoreline. DEC
continues to monitor the situation.
On June 6, DEC finalised regulations to help prevent the
spread of VHS and other diseases into New York’s inland
waters. The regulations restrict the movement of bait fish
and the stocking of fish into New York’s waters. DEC staff
are also continuing to sample waterbodies throughout
the state for VHS to determine how far the disease has
spread.
See www.dos.state.ny.us/info/register/2007/jun6/pdfs/rules.
pdf
Also see the FAQ page on the DEC website, www.dec.
ny.gov/outdoor/33072.html

news

A new fact sheet by scientists from the United States Geological
Survey’s Western Fisheries Research Centre describes the best
methods for resource managers and others to detect and
confirm a new and virulent strain of viral haemorrhagic
septicemia virus in fish, including popular game fish and bait
fish.
The recent spread of this sometimes devastating new strain,
called VHSV Genotype Ivb, has resulted in thousands of fish
dying in four of the five Great Lakes since 2005. Significant
deaths have occurred in muskellunge, freshwater drum, yellow
perch, round goby, emerald shiners and gizzard shad. Fishery
resource managers are concerned that this new strain could
spread into native freshwater fish or the private aquaculture
industry, leading to trade restrictions as well as direct losses
from the disease.
As of spring 2007, this strain has been isolated from fish
in Lakes Michigan, Huron, St Clair, Erie and Ontario, the St
Lawrence River, and inland lakes in New York, Michigan and
Wisconsin, as well as coastal areas of eastern Canada. This is
the first time the new strain has been reported to cause an
infectious disease in freshwater fishes of North America.
The virus has so far not been identified in Lake Superior,
although experts fear the disease could enter the lake, and
from there potentially spread to the 31 states of the Mississippi
River basin.
USGS fishery disease experts conducted the genetic typing
that identified the new virus strain responsible for these
outbreaks. The first confirmed isolation of VHSV occurred in
fish collected in 2003 in Lake St Clair within the Great Lakes
region, yet no disease outbreaks were evident in the Great
Lakes until 2005.
A recent report revealed that this strain was also initially
isolated from mummichog and threespine stickleback in
New Brunswick, Canada, in May 2000. This report included
additional isolations of VHSV from striped bass in 2002 and
2004 in New Brunswick, and brown trout in 2004 in Nova
Scotia. It is still unclear exactly how or when the virus was
introduced to the Great Lakes.
Researchers at the research centre characterise the virus
as quite virulent in affected host fish. The VHSV Genotype
IVb has an exceptionally broad host range; thus far, the strain
has been isolated from more than 25 species of finfish. The
disease causes internal bleeding in fish, but is not believed to

Sporadic die-offs have resulted
in thousands of rock bass and
smallmouth bass washing up along
the Skaneateles Lake shoreline
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Carp virus discovered
in Upper Mississippi River
Spring viremia of carp, a virus that affects many species
of carp, has been discovered in the Mississippi River near
Dresbach, Minnesota, says the US Fish and Wildlife Service.
Baitfish species such as shiners and fathead minnows are also
believed to be susceptible to this virus, and northern pike have
been experimentally infected with it in the laboratory.
Late in the week of May 7, the Fish and Wildlife Service’s
Fish Health Centre at La Crosse, Wisconsin, received reports
of a carp kill in pool eight of the Upper Mississippi River,
below lock and dam seven in Dresbach. Service biologists
were not able to sample fish immediately because recovery
operations were underway following a fatal boating accident.
On May 24, service biologists from the Fishery Resources
Office and the Fish Health Centre at La Crosse returned to
the area and began electro-shocking to collect fish for health
screening. By June 8, one of the pooled samples had tested
positive for the spring viremia of carp virus, or SVCV.
Since the pathogen that causes SVCV is a reportable
pathogen as designated by the OIE, the World Organisation
for Animal Health, samples were sent to the US Department
of Agriculture Animal and Plant Health Inspection Service
laboratory in Ames, Iowa, for confirmation.
On June 28, APHIS informed the La Crosse Fish Health
Centre that it had confirmed SVCV.
The virus is not transmitted to humans and poses no human
health risk. This is the first case of this virus discovered in the
Upper Mississippi River. Fish and Wildlife Service biologists
collected fish from both Minnesota and Wisconsin waters
below lock and dam seven.

Regulation of hydrogen peroxide in
aquaculture changes
The Food and Drug Administration removed hydrogen
peroxide from its list of aquaculture drugs with low regulatory
priority on May 2.
Under enforcement discretion, the FDA had previously
not objected to the use of hydrogen peroxide to control
fungi on all species of fish in all life stages, including eggs.
Hydrogen peroxide has now, however, been approved by
the FDA as a new animal drug with the trade name 35%
PEROX-AID.
Consequently, only the approved hydrogen peroxide product
PEROX-AID can now be used in fish production. The FDA
no longer allows unapproved hydrogen peroxide products
to control fungi in fish or fish eggs, or to treat any other fish
disease, and veterinarians and aquaculture producers raising
fish should use only the approved product.
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DR KEVIN BUTTERWORTH

CANADA:
Marine scientist
settles in Campbell River
Dr Kevin G Butterworth has been conducting research
out of the British Columbia Centre for Aquatic Health
Sciences since June 1. His arrival marks a significant event
in the two-year history of the centre, which is located in
the Maritime Heritage Centre building on Campbell River’s
waterfront.
“Dr Butterworth will be bringing a fresh perspective to our
centre and marine industry issues,” said the chief executive
officer, Linda Sams.
Trained in the United Kingdom, Dr Butterworth comes to
Campbell River by way of the University of British Columbia’s
Centre for Aquaculture and Environmental Research. “I am
looking forward to branching off from academia and working
towards local solutions that can directly benefit the coastal
communities of BC,” he said.
Dr Butterworth was awarded a joint honours Bachelor
of Science degree in biochemistry and marine biology from
the University of Wales. He subsequently read for his PhD at
the University of Glasgow, Scotland and the Heinrich-Heine
Universität, Dusseldorf, Germany.
His previous research includes how benthic invertebrates
adapt to human impact in the Irish, Baltic and North Seas.
Now he is bringing his energy and enthusiasm to the Pacific
region. Current projects range from developing a management
tool to promote sustainable economic development for
coastal First Nations communities, to certification of the
centre’s laboratory in anticipation of the new aquatic animal
health programme, and a collaborative clam bed assessment
project.
“The centre is an ideal venue to share expertise through
local and international networks, and transfer knowledge to
■
empower local decision making,” said Butterworth.
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BY GINA CONROY, PHARMA-FISH SRL, MARACAY, VENEZUELA

S

treptococcosis in farmed tilapias was first reported as a
“new” disease by Wu (1970), who described an outbreak that
occurred in Taiwan. More recently, cases of streptococcosis
affecting tilapias have been detected in many different countries
and regions of the world. For that reason it is now recognised as
an “emerging pathological problem” of considerable importance
to the tilapia farming industry.
The majority of the streptococcal isolates obtained thus far
have been identified as Streptococcus agalactiae or as S iniae
(Evans et al 2006). Indeed, and in the experience of the present
author, S agalactiae has proved to be the predominant bacterial
isolate from tilapias of Central American origin affected by
streptococcosis. A relatively small number of cases of the infection
in South America have been associated with the presence of
organisms identified as S constellatus and S equisimilis.
During an investigation into the causes of heavy mortalities
affecting tilapias farmed on a commercial basis in a Central
American country, 89 percent of all the bacterial isolates obtained
from clinically diseased and from “apparently healthy” fish were
identified as belonging to the Streptococcus “milleri” group. None
of these isolates corresponded to the species S agalactiae or S
iniae. The isolates in question were obtained from macerates of
whole fry (approximately 1g unit weight), and from the kidneys,
meninges and spleens of juveniles and adults (including spawning
stock).
The diseased tilapias showed clinical signs somewhat different
from those usually detected in cases of infection by Streptococcus
agalactiae and S iniae:
• the exophthalmos (unilateral or bilateral) was less marked
• there were fewer periocular haemorrhages
• the polyserositis affecting the intestine, liver, spleen and visceral
fat was less severe than usually observed in cases of infection
with S agalactiae, but more marked than that characteristically
detected in cases of infection by S iniae
• ascitic fluid was generally present in the abdominal cavity
• a perdicarditis much more severe than that observed in the case
of S agalactiae and S iniae infections was present in all of the
diseased animals
• the liver was very moderately reduced in size but normal in
colour, and
• smears from the spleen, kidney and peripheral blood showed
several Gram-positive cocci in pairs and in chains (See Figures
1-6).
The haematocrit levels were slightly below the lower limit of
the normal values, but thin blood smears stained by the Giemsa
technique revealed the presence of numerous streptococci free
within the plasma and adhering to the surface of the erythrocytes,
together with several circulating monocytes/macrophages. The
massive degree of bacteraemia detected in the diseased animals
was a salient characteristic of the infection in these tilapias.
In the case of this particular outbreak, the affected tilapias were
extremely sensitive to handling: mortalities of approximately six
percent were experienced during the process of their capture

FIGURE 1: AN EXTERNAL
HAEMORRHAGIC LESION

FIGURE 2: TILAPIAS
SHOWING EXOPTHALMOS

FIGURE 3: PERICARDITIS (ARROWED)
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These findings serve to
emphasise the need to do
some suitable “basic bench
bacteriology” to further identify
streptococcal isolates from tilapias
FIGURE 6: STREPTOCOCCI
IN A BLOOD SMEAR (GRAM)

FIGURE 4: STREPTOCOCCI IN
SPLEEN (GRAM)

FIGURE 5: STREPTOCOCCI
IN A KIDNEY SMEAR (GRAM)

for transfer to other ponds. This suggests that the infection
may be very aggressive, since it seriously debilitates the fish.
The outbreak investigated was associated with relatively high
population densities, and occurred at the start of a seasonal rise
in the water temperature.
The streptococcal isolates were alpha, beta or non-haemolytic on
blood agar, gave a negative reaction in the CAMP test, were VogesProskauer, arginine and aesculin-positive, produced acid from
mannitol, did not hydrolyse hippurate or starch, were not sensitive
to bacitracin, and did not correspond to any of the Lancefield’s
groups. In vitro, they were sensitive to chloramphenicol, florfenicol,
tetracycline and trim-sulpha, but were resistant to erythromycin.
On the basis of these findings, it was recommended that the
producers initiate a treatment schedule with florfenicol (Aquaflor,
Schering-Plough Animal Health).
Facklam (2002) has stated that Streptococcus “milleri” is not
recognised as valid from the taxonomic point of view, and should
be included within the Streptococcus anginosus group. This latter,
in turn, comprises the species S anginosus, S constellatus and
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S intermedius. The characteristics of the present isolates conform
closely to those reported by Facklam (op cit) for the species
S constellatus.
It is of interest to mention that Tracy et al (2001: cited by
Facklam, op cit) were of the opinion that the identification of S
anginosus, S constellatus and S intermedius as of the S “milleri”
group is quite sufficient, in practice, for “patient management
purposes”. Accordingly, and in this present case, it was suggested
that the tilapia “patients” be “managed” on a basis of the
application of florfenicol.
These findings are of practical importance in that they serve to
emphasise the need to do some suitable “basic bench bacteriology”
in order to further identify streptococcal isolates from tilapias
to the corresponding species or group level. In addition, disc
sensitivity tests should be performed with the isolates as an
orientation for implementing any approved antimicrobial therapy
procedures that might be contemplated.
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This article originally appeared
in Finfish News, Issue 3, Winter/
Spring 2007, and is reproduced
with permission under Crown
copyright.

T

he koi herpes virus (KHV) causes a severe
disease and mass mortalities in populations
of cultured common carp (Cyprinus carpio
carpio) and koi carp (Cyprinus carpio koi). The
disease has spread rapidly around the world, and
devastating losses have occurred in intensive and
extensive carp culture facilities, with the most
severe disease outbreaks being reported in Asia.
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 Europe, severe KHV 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). In
response to a call from European Union member
states, the Office International des Epizooties
(OIE) has now added KHV disease to its list
of serious diseases whose occurrence must be
reported to the OIE.

HIGH MORTALITIES FROM KHV DISEASE SEEN AT FISHERIES SITES IN SOUTHERN ENGLAND IN 2006

SPREAD OF KHV
The disease transmits horizontally (fish to fish)
very rapidly. Exposure of naïve common carp
for five minutes to between 10 and 40 virus
particles per ml of water was sufficient to cause
approximately 70 percent mortality in 15 days
(Perelberg et al 2006). Mortalities occur within
seven to 21 days following exposure of naïve
fish to infected fish, depending on the water
temperature (Haenen et al 2004).
Disposing of infected fish by selling them below
the market price was one suspected route of
dissemination of the virus in Indonesia (SEAFDEC,
2004). It was suggested that the outbreaks of disease in public parks
and ponds in Taiwan that had had no recent introductions of fish
were a result of members of the public releasing infected fish into
the ponds (SEAFDEC, 2004).
The practice of mixing koi carp in the same tanks at koi shows
has been responsible for spreading the disease, particularly within
a country, and the disease has also been spread nationally and
internationally by movement of infected fish not showing any signs
of disease (Perelberg, et al 2005, SEAFDEC 2004, Haenen et al 2004).
Hence the virus may have been introduced into some countries

with carrier fish before there was awareness of the disease and its
consequences. Also, it is likely that the virus is present in many
countries, but has not yet been identified there or reported.

KHV IN THE UK
From analysis of archive histological material for the presence
of viral DNA, CEFAS has evidence for the presence of KHV in
England since 1996 (Haenen et al 2004). However, until 2003, KHV
had only been detected and isolated from sites in the UK holding
imported ornamental carp. Then in 2003, CEFAS detected KHV
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in common carp during investigations into large mortalities of carp
in angling waters (Way 2004). Further detections of KHV were
made at a handful of angling waters in 2004 and 2005, and then in
2006, KHV outbreaks were reported and confirmed at 23 sites in
southern England (Environment Agency 2006).

SUSCEPTIBLE FISH SPECIES
Koi or common carp are often raised in polyculture with other fish
species, but no signs of disease or mortalities have been reported in
other fish species under normal polyculture conditions, following
experimental cohabitation with infected fish, or direct exposure to the
virus. Species reported to be “resistant” to the disease include goldfish
(Carrassius auratus), silver perch (Bidyanus bidyanus), silver carp
(Hypophthalmichthys molitrix), grass carp (Ctenopharyngodon idellus),
fathead minnow (Pimephales promelas), tench (Tinca tinca), bighead
carp (Aristichthys nobilis) and channel catfish (Ictalurus punctatus).
However, investigators at the Fredrich Loeffler Institute (FLI)
in Germany have reported experimental transmission of KHV
to goldfish and crucian carp (Carrassius carassius) (Haenen and
Hedrick 2006, S Bergmann pers comm). They cohabited goldfish
and crucian carp with KHV-diseased koi carp from Thailand, and
some goldfish died 15 days following the start of co-habitation.
The dead goldfish had swollen abdomens and a pronounced
lateral line, and were positive for KHV DNA by PCR. Goldfish,
which had been cohabited with koi carp infected with a “European”
KHV isolate, survived the cohabitation period. Surviving goldfish
were able to transmit the disease to naïve common carp. The crucian
carp survived the cohabitation and showed no signs of disease, but
appeared to be able to transmit the virus to naïve fish.

movement of potentially infected fish. The EU will follow the
OIE recommendations, and KHV is currently listed in the draft
replacement directive for 91/67 on fish and shellfish health.
In the United Kingdom, on October 31, 2006, DEFRA issued
proposals for making KHV disease notifiable and options for controlling
outbreaks of the disease. DEFRA also established a steering group on
KHV to consider control arrangements for the disease in more detail.
The group includes representatives from those most concerned to
control the impact of KHV disease (importers, supplier/farmers and
fishery owners). The inaugural meeting of the steering group took
place in September 2006, and it met again to consider comments
received during the consultation, which ended on January 30, 2007.

ADVANCES IN DIAGNOSIS
The most sensitive diagnostic tool currently available is amplification
and detection of virus DNA by a polymerase chain reaction (PCR)
assay (Haenen et al 2004). The PCR assay can be used to detect
KHV DNA directly in samples of fish tissue. However, a number of
diagnostic laboratories around the world have developed different
PCR-based assays, and there is now a need to standardise and
validate the most sensitive and reliable assays.
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, and could detect 10 femtograms (fg, 10-15g)
of KHV DNA (Bercouier et al 2005). In Japan, previously published
PCR assays have been improved, and have been incorporated into the
official Japanese guidelines for the detection of KHV. Also, in Japan,
a PCR based on the DNA polymerase gene has been developed and
reported to detect 100fg of KHV DNA.
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).
A working group at an international KHV
workshop held in London in 2004 highlighted
the need for standardised detection methods, and
in particular PCR assays, for KHV. The growing
number of PCR-based assays that have been developed means that
the selection and standardisation of the most accurate detection
methods is an important step in providing the best tools to diagnostic
laboratories to enable them to test carp populations for KHV.
A one-year student project funded by DEFRA and the Ornamental
Aquatic Trade Organisation was initiated at CEFAS Weymouth in
response to this need. The aim of this project was to:
• compare published PCR protocols for KHV with PCR protocols
based on protein coding regions of the KHV genome for
sensitivity and specificity
• optimise tissue sampling, extraction and amplification protocols
of the most effective assays, and
• develop standardised protocols in preparation for a validation
ring trial. This resulted in a standardised protocol that the CEFAS
Weymouth laboratory has adopted for routine use.
In September 2005, the 12th International Conference of the
European Association of Fish Pathologists was held in Copenhagen,
and a summary of the results of the KHV PCR project at CEFAS
was presented at a KHV workshop (Haenen and Hedrick 2006). In
the workshop it was announced that validation of the standardised
PCR methods was to be carried out by proficiency testing of the
selected protocols by ring trials in other diagnostic laboratories
around the world.
CEFAS organised and coordinated the first of these proficiency

The aspect of KHV disease that
most concerns researchers is the
latent characteristics of the virus in the
host, making it very difficult to confirm
the presence or absence of the virus
in apparently healthy fish
Furthermore, the FLI has carried out tests on non-C carpio species,
following KHV disease outbreaks in culture facilities in Poland and
at retail sites in Germany, and these have indicated that tench, silver
carp, bighead carp, grass carp and sheatfish (Siluris glanis) may also
act as carriers of the virus (S Bergmann, pers comm).
Further investigations are required to determine if the virus is
persisting in the tissues of these other fish species, or if the fish are
merely contaminated with KHV following cohabitation with heavily
infected carp.

RESPONDING TO THE PROBLEM
The European Community has recently expanded to the east. With
the inclusion of the new Eastern European member states comes an
increase in intensive and extensive pond culture of carp and other
cyprinid species, and an increase in the disease problems associated
with these species. With this in mind, in 2005 the EU member states
called upon the World Organisation for Animal Health (also known
by its original acronym as the OIE), to consider KHV disease for
inclusion in its serious disease list.
The disease was then assessed against rigorous criteria, and the
Aquatic Animal Health Standards Commission approved the listing
in March 2006. When a disease is listed there is a requirement for
OIE member countries to report occurrences of the disease to the
OIE. That knowledge is of value in controlling the trans-boundary
22 AQUACULTURE HEALTH INTERNATIONAL AUGUST 2007

tests in 2006 as part of the research project on KHV funded
by DEFRA. 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
standardised protocols used at CEFAS Weymouth, and details of the
DNA extraction and PCR protocols were supplied to all potential
participating laboratories.
For the first ring trial, 22 laboratories in 20 countries around the
world were sent a number of vials of freeze-dried tissue homogenate
spiked with KHV (Table 1). To date, results have been received from
20 of the participating laboratories.
Currently, the aspect of KHV disease that most concerns
researchers is the latent characteristics of the virus in the host,
making it very difficult to confirm the presence or absence of the
virus in apparently healthy fish with a latent KHV infection. Further
development of diagnostic assays will aim to improve the sensitivity
of the assays so that they may be capable of detecting latent virus.
Also, a number of laboratories, including CEFAS, are developing
both PCR-based and immunoassay-based non-lethal screening tests
for KHV. Enzyme immunoassays (akas ELISA) have been developed
in Israel, the United States and at CEFAS to detect antibody to KHV
(Adkison et al 2005, Ronen 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. Detection
of KHV antibody is currently the only method of determining
previous exposure to the virus if the viral DNA is not detectable by
PCR-based methods.

TABLE 1:
COUNTRIES WHO AGREED TO PARTICIPATE IN THE KHV PCR RING TRIAL
Asia/Australasia

Australia; Hong Kong; Indonesia; Japan;
The Philippines; Singapore; Thailand.

Europe

Czech Republic; Denmark; Germany
(2 laboratories); Hungary; Italy; Republic of Ireland;
Latvia; The Netherlands; Poland; UK-England;
UK-Scotland.

Middle East

Israel

North America

USA (2 laboratories)

quarantine, and testing of fish from countries positive for KHV
disease or fish movement controls when the disease is diagnosed
within a country (SEAFDEC 2004, Sunarto et al 2005).
Effective biosecurity has been shown to help reduce the spread of
disease during KHV outbreaks in Indonesia (Sunarto et al 2005),
and researchers in Japan have studied the efficacy of disinfectants
and physical means to inactivate the virus (Kasai et al 2005). The
virus was inactivated by UV radiation and temperatures above 50˚C
for one minute. Disinfectants were more effective as the temperature
increased, but at the mid-range temperature of 15˚C, an iodophore
was effective at 200mg l-1 for 30 seconds, benzalkonium chloride was
effective at 60mg l-1 for 30 seconds, and ethyl alcohol was effective at
40mg l-1 for 30 seconds.
The concentration of sodium hypochlorite required for virus
inactivation was affected by the amount of protein present, and
also the amount of active chlorine present was reduced when the
hypochlorite was mixed with river or pond water. The recommended
concentration of active chlorine was 3mg l-1 (11.2 mg l-1 sodium
hypochlorite) for disinfection of fish farms.
Researchers in Israel have investigated the use of resistant strains
of common carp (Shapira et al 2005). The progeny of crosses

KHV PATHOGENICITY STUDIES AT CEFAS
It is not known whether under natural conditions survivors of KHV
disease are persistently infected with virus, and if so, whether they
shed the virus or for how long the fish retain the virus. Investigators
at CEFAS investigated some of these aspects in experimentally
infected fish (St-Hilaire et al 2005).
They showed that the virus could persist in common carp infected
at a permissive temperature and subsequently maintained at a lower
than permissive temperature. Fish were held post-infection for
approximately 25 weeks at 12˚C (during which time approximately
10 percent died), then the temperature was raised to 18˚C and naïve
fish were introduced into the tank. The temperature was then raised
further to 23˚C.
By approximately 32 weeks post-initial infection, all of the naïve
fish had died, and 57 percent of the survivors of the initial infection
had died. Approximately 30 percent of similarly treated survivors of
the same initial infection in another tank died following reactivation
of the virus, but in that case no naïve fish had been introduced into
the tank.
However, in other trials, naïve fish cohabited with previously
infected fish did not succumb to infection, and reactivation of the
virus did not occur, even following immunosuppression by cortisol
injection. The investigators considered that this was because none
of the fish in those trials was persistently infected, and only a small
percentage of fish would be persistently infected following KHV
infection.

CONTROL OF KHV DISEASE
Some countries have invoked policies of compulsory slaughter and
disinfection as a means of controlling the disease (SEAFDEC 2004).
Other national policies include import restrictions from countries
where KHV disease is known to occur, compulsory inspection,
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of two strains of domesticated carp and one strain of wild carp
were challenged with KHV by experimental or natural infection.
The lowest survival rate was approximately eight percent, but the
survival rate of the most resistant strain was 61 to 64 percent.

evaluation is currently available on the possible risks that imported
vaccinated carp may pose to indigenous fish populations in UK
environmental conditions.

ACKNOWLEDGEMENT
VACCINATION
A number of studies have assessed the efficacy of vaccinating carp,
or exposing them to the virus under controlled conditions. In Israel,
Ronen and colleagues (Ronen et al 2003) cohabited naïve common
carp with diseased fish for three to five days at 22˚C to 23˚C, then
transferred them to ponds at 30˚C for 30 days.
Following their transfer back to ponds at 23˚C, the fish were
re-challenged by cohabitation with diseased fish, which produced
39 percent mortality in the temperature-manipulated fish. The
surviving temperature-manipulated fish were protected for six to 12
months, and they had antibody against KHV.
That process is costly, results in the loss of 30 to 40 percent of
the fingerlings, and there is the possibility that the virus may recur
in treated fish, or be transmitted to naïve fish (Ronen et al 2003).
However, the procedure is successful in reducing mortalities in
locations in Israel where the disease is endemic, and carp production
is significantly recovering (H Bercovier, pers comm).
Attenuated virus has been used to vaccinate carp in Israel (Ronen
et al 2003, Perelberg et al 2005). The virus was attenuated by serial
passage 26 times in cell culture, and selection by cloning. The cloned
virus was injected into carp, which were challenged 25 days later by
cohabitation with diseased carp.
Although itself causing a low-level mortality, the cloned attenuated
virus protected the fish from challenge, which caused 95 percent
mortality in non-vaccinated control fish. The passage 26 KHV was
shown to induce antibody against the virus, but the duration of the
protection is unknown.
The cloned virus was also effective at protecting fish when
administered by a 10-minute bath (Perelberg et al 2005). However,
the cloned virus was only active in the water for two hours at water
temperatures of 22˚C to 24˚C, and the efficacy was lost when fish
were introduced to virus that had been in the water for four or
more hours.
One of the concerns with using attenuated virus is that the virus
might revert to being virulent. Virus was UV-treated to induce
mutations that might reduce that occurrence, and UV-treated virus
did protect carp against challenge (Perelberg et al 2005). However,
there was no data to show that any mutations had been induced, nor
to demonstrate that that the virus would not regain virulence.
At the KHV workshop held during the EAFP conference in
Copenhagen in 2005, it was stated that according to publications
and internet reports, studies on KHV vaccines were being
conducted at Mie and Tokyo Universities in Japan, at the Hebrew
University in Israel and at North Carolina State University in the
United States (Haenen and Hedrick 2006). Recently, Henderson
Morley in the UK announced that after 10 months research on
a KHV isolate provided by the CEFAS Weymouth laboratory,
it was now ready to start field trials of a candidate vaccine in
collaboration with the Hagerman Aquaculture Research Institute,
based in Idaho, United States.
No vaccines are currently licensed for use in Europe. The
attenuated KV3 vaccine developed at the Hebrew University was
authorised for use as an emergency measure, and less safety and
efficacy data was required than would be expected for normal
registration of a vaccine. Carp exposed to the KV3 vaccine have
been imported into the UK, and DEFRA has made fishery owners
and fish farmers aware that there are risks associated with importing
vaccinated carp.
The risks have been assessed as low, but it should be noted that
the vaccine used on live fish for export to the UK has no marketing
authority for use in the UK or other parts of the EU. Also, no
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Research studies on KHV at the CEFAS Weymouth laboratory
have been funded under DEFRA contract FC1163 and the current
contract FC1167. The authors would also like to acknowledge
the additional funding received from the English Carp Heritage
Organisation, the Ornamental Aquatic Trade Association and the
Environment Agency.
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AAHL FISH DISEASES
LABORATORY (AFDL), AUSTRALIA
BY MARK ST J CRANE, KEN A McCOLL, SERGE CORBEIL, NICK GUDKOVS,
LYNETTE M WILLIAMS, JOHN YOUNG AND JOANNE SLATER (AAHL, GEELONG, AUSTRALIA)

T

he AAHL Fish Diseases Laboratory (AFDL) belongs to the Division
of Livestock Industries (CLI) within Australia’s Commonwealth
Scientific and Industrial Research Organisation (CSIRO).
The CLI is a key agency for disease diagnosis, research and policy
advice in animal health. CLI’s biosecure Australian Animal Health
Laboratory (AAHL) in Geelong, Victoria (See Figures 1, 2 and 3)
is a national facility that, in addition to research and development
services, provides disease surveillance and diagnostic services, as
well as exotic disease outbreak emergency response training.
AAHL is the only laboratory in Australia at which both exotic
and zoonotic disease agents of high concern can be handled safely
without the risk of release to the external environment. AFDL
specialises in aquatic animal health.

HISTORY
AFDL’s origins date back to the late 1970s, when increasing quarantine
concern over the annual importation of millions of ornamental fish
into Australia, with little or no disease surveillance, highlighted the
need for a national fish diseases laboratory. In addition, there was a
need to provide a disease diagnosis and export certification service
for the then fledgling Australian aquaculture industry.
It was recognised that Australia required a diagnostic facility with
expertise in fish diseases, and a fish disease laboratory was duly
established at the Regional Veterinary Laboratory, Benalla, Victoria.
At that time the laboratory was responsible for addressing national
issues related to fish health – diagnosis of endemic and exotic
diseases and responding to quarantine issues.
During the early years, the basic requirements for a functioning
fish diseases laboratory with respect to methods of sampling
fish and water, virological techniques specific for fish viruses,
bacteriology, parasitology, pathology and water chemistry were
established. However, the development of the salmonid export
industry had shifted much of the work towards export certification
and the diagnosis of exotic diseases, especially those of finfish.

FIGURE 2: SEWAGE COLLECTION SYSTEM AT THE AAHL, PART OF THE
BIOSECURITY MEASURES TO ENSURE THAT ALL EFFLUENT IS INACTIVATED PRIOR
TO DISCHARGE FROM THE LABORATORY. COLLECTED EFFLUENT IS INACTIVATED
BY HEAT TREATMENT

FIGURE 3: BIOSECURE AQUARIUM FACILITIES AT THE
AAHL. NOTE THE AIR-LOCK DOOR IN THE BACKGROUND
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FIGURE 1: THE AUSTRALIAN ANIMAL HEALTH
LABORATORY, CSIRO LIVESTOCK INDUSTRIES,
GEELONG, VICTORIA, AUSTRALIA
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AAHL FISH DISEASES LABORATORY (AFDL) AUSTRALIA
The requirement for routine investigation and diagnosis of disease
outbreaks was transferred to the relevant state authorities (see Figure
4). The growth in fisheries-related industries and the requirement for
national health services was such that the Benalla laboratory could
no longer support all the requirements of the fish health laboratory.
As a result, in 1989, the laboratory was relocated to AAHL, where
it became the AFDL, the only aquatic animal disease laboratory in
Australia authorised to handle exotic animal viruses.
Since its transfer to AAHL, the AFDL has expanded its roles and
responsibilities to include health issues, not only for finfish but
also molluscs and crustaceans. The roles and responsibilities of the
AFDL fall into three main categories:
• diagnosis and surveillance
• research in, and development of diagnostic tests for exotic and
emerging diseases of aquatic animals, and
• training and technology transfer to other fish health laboratories.
FIGURE 4: MAP OF AUSTRALIA SHOWING
THE MAJOR AQUACULTURE SECTORS OF
EACH STATE AND THE LOCATION OF GEELONG

FIGURE 5: IMMUNO-HISTOCHEMICAL
DEMONSTRATION OF AQUABIRNAVIRUS IN
ATLANTIC SALMON CULTURED IN TASMANIA

FIGURE 6: IMMUNO-CYTOCHEMICAL IDENTIFICATION OF AQUABIRNAVIRUS
IN CHSE-214 CELL CULTURES. THE AFDL HAS A RANGE OF FINFISH CELL LINES
FOR THE ISOLATION AND CULTURE OF VIRAL AGENTS

DIAGNOSIS AND SURVEILLANCE
As fisheries and aquaculture industries have grown, individual
Australian states have increased their support for those industries,
including the provision of health services. The AFDL has a partnership
with these state laboratories, and an agreement to provide specialist
services with respect to diagnosing exotic and emerging diseases.
Thus the AFDL, as a fully integrated unit of the AAHL, provides
not only specific expertise and experience in viral and bacterial
diseases of aquatic animals, but also other specialist facilities and
expertise, including histopathology, electron microscopy (EM),
molecular biology, immunology, cell culture, virology, bacteriology,
vaccine development, and pathogenicity studies in microbiologically
secure laboratory and aquarium facilities.
The value of having access to these skills has been demonstrated
many times in recent years. For example, the rapid characterisation
of the newly recognised Tasmanian aquabirnavirus (Figures 5 and
6) and Rickettsia-like organism relied on taking advantage of EM
and molecular diagnostic skills, in addition to the use of traditional
histopathological and immunological expertise.
Similarly, the use of molecular diagnostics, complemented with
histopathology, EM and immuno-histochemistry, allowed rapid
recognition of the white spot syndrome virus (WSSV) in imported
prawns (Figure 7), and subsequently were essential in a national
survey to confirm the absence of WSSV in Australia. Thus, while
the states have primary responsibility for aquatic animal disease
diagnosis, AFDL complements these activities by providing:
• Expertise in diagnosing exotic and emerging diseases, and the
development of improved diagnostic procedures.
• Export and import testing and certification where there is a
special requirement. This includes, for example, ISO and NATAaccredited export certification testing for salmonid products (in
particular, eyed ova from Atlantic salmon and rainbow trout), and
other live fish products to overseas markets. Export certification
work will always need to be undertaken at the AAHL, because cell
lines used for exclusion testing for exotic viral pathogens must
be verified to be susceptible to infection with the pathogens in
question (to maintain international accreditation). Such work can
only be carried out at the AAHL.
• Health surveillance and monitoring activities for the Tasmanian
fish health surveillance programme. This programme was jointly
initiated by the Tasmanian state government and the Tasmanian
salmonid industry.
• OIE Reference Laboratory for YHV of prawns.
• NACA Resource Laboratory.

DIAGNOSTIC TESTS
FIGURE 7: IMMUNO-HISTOCHEMICAL DEMONSTRATION OF WHITE
SPOT SYNDROME VIRUS IN PRAWN TISSUE
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The research programme is built around Australia’s National
List of Reportable Diseases of Aquatic Animals, as published on
the Australian Government Department of Agriculture, Fisheries

and Forestry’s web site (See www.daff.gov.au/animal-plant-health/
aquatic/reporting). This list is the cornerstone of Australia’s aquatic
animal health system. Its research and development activities can be
summarised as follows:
• Developing generic technology for improved diagnosis of endemic
and exotic diseases
• Developing diagnostic reagents and procedures for specific
aquatic animal diseases
• Collaboration with state organisations and the industry to work
on aquatic animal diseases deemed important by industry (eg
vaccine development)
• Pathogenicity trials for exotic and newly emerging viral, bacterial,
fungal and parasitic agents. When new, infectious micro-organisms
are detected, it is imperative to determine their significance as
quickly as possible. The state laboratories are responsible for
the primary isolation of any pathogens. Further studies can be
conducted at the AFDL, with its extensive range of facilities.

TRAINING AND TECHNOLOGY TRANSFER
Part of the AFDL’s mission includes building diagnostic capacity in
aquatic animal health within Australia and the Asian region. This
can be achieved through collaborative research, training workshops
and regular inter-laboratory visits from local and overseas scientists.
The first national workshop on diseases of fish and shellfish was held
at Benalla in 1985, and since then, several other training workshops
have been held at the AFDL.
These have been on subjects such as bacteriology (Figure 8) and
exotic disease recognition. Participants have included staff from
Australian laboratories and also from overseas. In addition, standard
protocols and reagents have been developed for many bacterial and
viral diseases of fish, and, if not published as Australian and New
Zealand standard diagnostic procedures, these are available to the
state laboratories on request.
• Provision of training and transfer of diagnostic procedures to
other aquatic animal health laboratories, and
• Repository of reference material for aquatic animal health,
including reference strains of aquatic animal pathogens.

FIGURE 8: A BACTERIOLOGY
TRAINING COURSE AT THE AFDL

DIAGNOSTIC CAPABILITY
The AFDL’s diagnostic capability is summarised in Table 1. The
AFDL can provide a comprehensive range of services associated
with the diagnosis of, and research in, a broad range of aquatic
animal diseases. To maintain these tests and professional capabilities
at a level to meet international standards, the AFDL participates in
a number of national and international laboratory proficiency tests,
for example, the EU Inter-laboratory Proficiency Test for National
Reference Laboratories for Fish Diseases.
In addition, research is aimed at providing Australia with a
diagnostic capability for those diseases listed on the Australian
National List of Reportable Diseases of Aquatic Animals, with
a particular emphasis on those exotic diseases that could have a
significant negative impact on Australian fisheries and aquaculture
industries and natural resources.

INTERNATIONAL LINKS
The majority of research and development activities carried out
by the AFDL involve exotic pathogens of aquatic animals. Thus
we have been relying on the goodwill of colleagues from overseas
laboratories in the United States, United Kingdom, Europe and
Asia for providing reference strains of various bacterial and viral
pathogens, as well as diagnostic reagents.
Over the years, we have developed formal and informal links with
numerous overseas laboratories, including:
United Kingdom: CEFAS Weymouth Laboratory, Weymouth. FRS
Marine Laboratory, Aberdeen, Scotland
Europe: IFREMER, La Tremblade, France. National Veterinary
Institute, Oslo, Norway. National Veterinary Institute, Åarhus,
Denmark. VESO, Vikan, Norway
United States: National Fish Health Research Laboratory,
Kearneysville, West Virginia. Oregon State University, Corvallis,
Oregon. University of Arizona, Tucson, Arizona. University of
California Davis, Davis, California. Western Fisheries Research
Centre, Seattle, Washington.
Canada: Atlantic Veterinary College, University of Prince Edward
Island, Prince Edward Island. Department of Fisheries and Oceans,
Moncton, New Brunswick.
Asia: Fisheries College and Research Institute, Tamil Nadu Veterinary
and Animal Sciences University, Tuticorin, India. Hiroshima
University, Hiroshima, Japan. Hokkaido University, Hakodate,
Hokkaido, Japan. National Research Institute of Aquaculture,
Fisheries Research Agency, Japan. University of Mahidol, Bangkok,
Thailand.
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TABLE 1. SUMMARY OF THE DISEASES AND DISEASE AGENTS,
AND THE DIAGNOSTIC PROCEDURES AVAILABLE FOR THEIR DETECTION, ISOLATION AND IDENTIFICATION
DISEASE/AGENT

AGENT/DETECTION/ISOLATION/IDENTIFICATION

Aeromonad septicaemia; Aeromonas hydrophila

Isolation; biochemical ID

Bacterial kidney disease; Renibacterium salmoninarum

Isolation; biochemical ID; IFAT; antigen capture ELISA; PCR

Bonamia spp.

Histopathology; EM; conventional PCR; real-time PCR

Ceratomyxiasis

Wet mounts or stained smears

Edwardsiellosis

Isolation; biochemical ID; IFAT

Enterococcus seriolicida

Isolation; biochemical ID; slide agglutination test; ELISA; characterisation by SDS-PAGE; WB

Epizootic haematopoietic necrosis

Histopathology; IHC; isolation in cell culture; ICC; PCR; antigen capture ELISA; EM; immune EM; IFAT; WB

Flexibacteriosis

Isolation; biochemical ID; ELISA; characterisation by SDS-PAGE; WB

Furunculosis/goldfish ulcer disease (GUD)

Isolation; biochemical ID; antigen detection ELISA; IFAT; PCR; characterisation by SDS-PAGE; WB

Hepatopancreatic parvovirus disease

Histopathology; ISH; EM

Ichthyophonus

Histopathology

Infectious haematopoietic necrosis

Histopathology; IHC; isolation in cell culture; ICC; PCR; EM; WB

Infectious hypodermal and haematopoietic necrosis

Histopathology; ISH; PCR; EM

Infectious pancreatic necrosis

Histopathology; IHC; isolation in cell culture; ICC; PCR; EM; WB

Infectious salmon anaemia

Histopathology; IHC; isolation in cell culture; ICC; PCR; EM

Koi herpesvirus

Histopathology; isolation in cell culture; PCR; EM

Mycobacteriosis

Histopathology; isolation and presumptive identification

Nocardiosis

Histopathology; isolation and presumptive identification

Nuclear polyhedrosis baculoviroses

Histopathology; ISH; EM

Oncorhynchus masou virus

Isolation in cell culture; EM; immunoassays and PCR in development

Pasteurellosis

Isolation; biochemical ID

Perkinsus spp

Histopathology; EM; conventional and real-time PCR in development

Piscirickettsiosis

Histopathology; IHC; isolation in cell culture; ICC; conventional PCR; real-time PCR; EM

Protozoan/metazoan parasitism

Histopathology; wet and stained preparations; gross/sub-gross Dissection

Pseudomonad septicaemia

Isolation; biochemical ID

Red sea bream iridovirus

Histopathology; isolation in cell culture; ICC; conventional PCR; real-time PCR; EM

Spring viraemia of carp

Isolation in cell culture; ICC; PCR; EM; characterisation by SDS-PAGE

Taura syndrome

Histopathology; ISH; conventional and real-time PCR; EM

Vibriosis

Isolation; biochemical ID; computer assisted classification;
comprehensive identification service including marine and non-halophilic species; PCR

Viral encephalopathy and retinopathy

Histopathology; IHC; isolation in cell culture; ICC; PCR; EM

Viral haemorrhagic septicaemia

Histopathology; IHC; isolation in cell culture; ICC; PCR; WB; EM

Whirling disease

Tissue homogenisation, digestion and spore concentration for identification; PCR

White spot syndrome of prawns

Histopathology; IHC; ISH; conventional PCR; real time PCR (Taqman) assay; EM

Yellowhead disease

Histopathology; IHC; ISH; PCR; EM

Yersiniosis/enteric redmouth disease

Isolation; biochemical ID; characterisation by SDS-PAGE; PCR; WB; ELISA

LEGEND:
IFAT: immunofluorescence antibody test
PCR: polymerase chain reaction

IHC: immunohistochemistry
EM: electron microscopy

ICC: immunocytochemistry
ELISA: enzyme-linked immunosorbent assay
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BC CENTRE FOR AQUATIC
HEALTH SCIENCES
CAMPBELL RIVER, CANADA
BY LINDA SAMS (CAHS, CANADA)

THE CENTRE’S OFFICE
AND LABORATORY
IN CAMPBELL RIVER,
BRITISH COLUMBIA

I

n its third year of operation, the BC Centre for Aquatic Health
Sciences (BC CAHS) is a newly built diagnostic laboratory
located in Campbell River on Vancouver Island, close to the
province’s aquaculture and marine-based industries. The centre was
established in the context of coastal socio-economics, with the goal
of supporting economic stability, cultural values and environmental
integrity in rural coastal communities.
The centre has a mandate to improve the economic, social and
environmental sustainability of aquatic resource-based industries.
This objective is being achieved through a multidisciplinary
approach, including aquatic animal health and food safety, as well
as environmental and welfare issues.
This research capacity is attainable not only through the staff
at BC CAHS, but also through an extensive collaborative network
that draws upon a diverse group of researchers to address specific

aquatic health issues and broader aquatic environmental concerns.
The BC CAHS is guided by an advisory board and is a registered
not-for-profit society with a traditional governance structure. The
board of directors is responsible for managing the corporation
by supervising senior staff, providing strategic planning to the
corporation, and developing and implementing corporate policy.
The board has been developed to represent a large range of
marine resource users and stakeholders, as well as providing solid
community representation.
Day-to-day operations are led by the chief executive officer,
Linda Sams, who brings over 20 years experience in the aquaculture
industry and an extensive national and international network.
The facility houses three full-time, trained technicians, in-house
business, human resources and accounting management, and three
experienced scientists with expertise ranging from biochemistry
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BC CENTRE FOR AQUATIC HEALTH SCIENCES CAMPBELL RIVER, CANADA

A WORKSHOP FIELD TRIP IN THE STRAIT OF
GEORGIA, OFF THE EASTERN COAST OF
VANCOUVER ISLAND

and marine biology to veterinarian epidemiology:
• Dr Sonja Saksida, the director of veterinary sciences and
epidemiology, works locally and internationally on all issues
pertaining to fish health and welfare. Background studies include
IHNV, AGD, Kudoa and sea lice.
• Dr Valerie Funk, director of aquatic health research, is a
biochemist and immunologist actively developing cost-effective,
environmentally sound methods of disease management for the
BC salmon farming industry. Current pathogen research includes
IHNV, Kudoa thrysites and Loma salmonae.
• Dr Kevin G Butterworth, director of marine and environmental
research, is a biochemist and marine biologist. He is currently
conducting investigations on sea lice on wild and farmed salmon
stocks along the Pacific coast and in Norway. Other initiatives
include developing a management tool to promote sustainable
economic development for coastal First Nations communities,
and a collaborative clam bed assessment project.

NETWORK
In addition to teaming with a group of highly specialised consultants,
the centre has collaborative projects with many institutions from the
region. Current projects draw on expertise from the University of
Victoria, A-Tlegay Fisheries Society, the Quinsam Enhancement
Hatchery and the Pacific Biological Station.
Further to this, the centre is an integral part of the new BC
Sustainable Aqua-food Innovation Partnership, a network of closely
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linked organisations coming together to build a regional aqua-food
research and innovation capacity.
This capacity will enable the development of a vibrant, sustainable
cultured seafood production cluster in British Columbia that
will also encompass other marine bio-products over time. The
partnership links the BC CAHS with three established research and
learning centres and a web-based knowledge exchange system.
Centre for Shellfish Research. The CSR has become the focus for an
integrated approach to research and training for British Columbia’s
shellfish aquaculture industry. The CSR has developed a balanced and
synergistic research capability with scientific capacity to study both
the ecological interactions of modern shellfish culture practices, as
well as health and husbandry. In addition to a state-of-the-art 1115sq
m research facility, the CSR will be constructing a field station ideal
for research, training, innovation and technology transfer that, when
complete, will have infrastructure that is unparalleled in Canada and
on the western coast of the United States.
See www.csr.mala.bc.ca/index.asp
Centre for Aquaculture and Environmental Research. The CAER
is a high-profile research facility that supports collaborative research
by The University of British Columbia and Fisheries and Oceans
Canada (DFO). CAER researchers address issues of immediate and
critical importance to sustainable fisheries and aquaculture.
The 6ha site, located on the waterfront in West Vancouver,
is equipped with state-of-the-art analytic equipment, offices,
conference rooms, a large warehouse and workshop, a wharf to
allow large ships to dock, and an extensive variety of aquarium
facilities for rearing aquatic organisms in outdoor and indoor
controlled conditions.
See www.landfood.ubc.ca/research/centre.htm and www-sci.pac.
dfo-mpo.gc.ca/sci/facilities/westvan_e.htm
Pacific Sustainable Ecological Aquaculture Laboratory.
Sustainable ecological aquaculture, or SEA systems, represent a
natural evolution in aquaculture that addresses the inefficiencies
(energy/material losses) inherent in conventional aquaculture
systems. SEA systems consider ecological processes in the
engineering design of aquatic food production, and thus aim
to develop self-sustainable, multi-trophic culture systems. The
Pacific SEA-Lab research and development facility is located on
the northwestern coast of Vancouver Island and is integrated with
a small, aquaculture farm site.
See www.pacificSEA-Lab.com
AquaPort. AquaPort is a suite of web tools enabling knowledge
connections and opening up knowledge flows. AquaPort will
provide an interactive platform for multiple stakeholder groups
in the Canadian aquaculture sector to access, create and share
purposeful information in digital formats. A functional platform
with several core services is expected to be in place by the end of
March 2008.
See www.aquaport.ca

FACILITIES AND SERVICES
Services and applied research at the centre are focused on fish
health and welfare, environmental interaction, industry innovation,
knowledge transfer and food safety. The centre works with
organisations and communities, offering a range of diagnostic
services and bench space for its laboratory equipment.
It participates in collaborative, industry-relevant scientific research
and innovation, including vaccine development, aquatic food safety
and environmental assessment, provides science applications, and
also offers training, project management and assistance with
sourcing funding. The centre is well positioned to tackle many of
the difficult social and environmental issues facing the aquaculture
industry through its unique location, collaborative mandate and
independent status.
Diagnostics. At 372sq m, the centre has a sophisticated and well-

equipped diagnostic and analytical laboratory. Laboratory services
include a broodstock disease screening programme and an enzyme
assay for determining smolt-readiness in salmon.
The laboratory is currently involved in broodstock screening for
infectious haematopoietic necrosis virus (IHNV). Screening is done
by cell culture, though recent federal funding will enable the centre
to expand this capacity. The Aquaculture Collaborative Research
and Development Programme awarded Dr Funk of BC CAHS a
grant to develop a quantitative reverse transcription PCR assay to
detect IHNV. Future studies will look into non-invasive sampling
methods for IHN.
The sodium-potassium (Na+/K+) ATPase assay for gill tissue
provides a measure of smoltification. The current method of
farming salmon is to grow them in freshwater hatcheries, then time
their release into seawater net pens. To reduce stress and mortality,
this timing must be precise. Historically, behavioural cues and visual
appearance have been used to time saltwater entry.
More recently, the saltwater challenge has been used to gauge
seawater readiness. This method uses measurements of plasma
ion levels or osmolality as an indicator of smolt-readiness. The
Na+/K+ ATPase assay has been developed in an attempt to time
more precisely the window of saltwater entry in a humane manner.
Along with behavioural observations, visual cues, and chloride
determination, this data provides the most accurate measure of
smoltification to date.
Fish health management. One current management initiative
is the plankton monitoring programme. Coho (Oncorhynchus
kisutch) remain an important sport fish for northern Vancouver
Island. In recent years there have been extreme coho population
fluctuations at most Gulf of Georgia fisheries and Oceans Canada
hatcheries.
In particular, the Quinsam River Hatchery near Campbell River has
observed declines in coho ocean survival from highs of 10 percent in
the early 1980s to recent survival rates of less than one percent.
Historically, fixed dates have been used to time the yearly release of
enhancement coho. These dates are based on research done by scientists
at the Department of Fisheries and Oceans in the early 1980s.
Local fisheries and oceans staff are recognising that the returns
may have been affected by shifts in the marine productivity in
the Gulf of Georgia. This regime shift may be contributing to
the population decline. As a result, researchers are studying local
phytoplankton and zooplankton abundance and the stomach
contents of captured coho, in the hopes of timing optimal levels
of feed for newly released coho smolts. The development of this
project will lead to a long-term monitoring programme that
will help guide the release time of enhanced coho salmon in this
area.
Workshops and training. The centre plays an important role
in educating and training fish health professionals, facilitating
independent research initiatives, addressing industry needs for
applied levels of investigation, promoting links and associations
to other fish health, food safety and scientific organisations and
institutions.
With in-house laboratory facilities that are spacious enough to
teach a small class, access to medium and large meeting rooms in
the adjacent building, and the field at our doorstep, learning and
training are two of the centre’s main foci.

COLLABORATIONS AND LINKS

branches of the federal and provincial governments. These include:
• the Department of Fisheries and Oceans Canada: Pacific Biological
Station, Institute of Ocean Sciences, Centre for Aquaculture and
Environmental Research and the Quinsam Enhancement Hatchery
• BC Ministry of Agriculture and Lands, Fisheries and Aquaculture
Branch, and
• BC Ministry of Environment, Oceans and Marine Fisheries
Division.
Regional links. The success of the BC CAHS depends on strong ties
with local associations and educational institutions. Associations
help enormously with coordinating communications, establishing
profile, organising committees and participating in events. The
following are three outstanding associations in the centre’s
collective:
BC Salmon Farmers Association. See www.salmonfarmers.org
BC Shellfish Growers Association. See www.bcsga.ca
Aboriginal Aquaculture Association. See www.aboriginal
aquaculture.com/home.htm
The BC CAHS is committed to community development, and
works jointly with the North Island College and the Malaspina
University-College. In particular, the centre participates in a skills
training partnership with MUC. The intent of the partnership
is to foster student success by building strong community
connections.
CONTINUED ON PAGE 33

▲

The BC CAHS also functions as a community-based facilitator,
drawing together diverse expertise to address specific research,
collaboration and funding needs. It is believed that improved
information flow between private, public and government
stakeholders will support economic growth, while protecting and
enhancing environmental and economic values.
Government links. The centre works closely with the scientific
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ALAN TINCH, LANDCATCH NATURAL SELECTION LTD, UNITED KINGDOM

S

almon producers require fish that are capable of high-level
performance across all areas of the production process.
That starts at the freshwater stage with a need for large
numbers of high quality, eyed eggs that will hatch well, producing
robust alevins and fry which, in turn, feed and grow well with
minimum losses through to smolting.
The subsequent on-growing requirement is for high rates of
smolting, producing fish which continue to grow well when put to
sea. Losses at sea, of course, should be as low as possible, resulting
in the maximum numbers of uniform fish being delivered to the
processing plant.
Key requirements during processing, the final stage in the
production cycle, include the need for low levels of carcase
downgrades, high fillet yields, acceptable levels of fat and good flesh
colour. Salmon breeders must take all of these separate demands
into account when selecting new generations of broodstock.
Although these many and varied production requirements are
all easy enough to describe, achieving the “best balance” between
growth potential on one hand and robustness on the other remains
a major challenge for primary breeding companies, particularly in
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Incidence of family mortality in a typical field challenge
of IPN. The range of mortality is 0% to 63%. Genetic
improvment results from rejecting those families with the
worst levels of IPN mortality from the breeding
programme
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relation to salmon.
Selection effort, geared to deliver improved profitability, can easily
be wasted if levels of performance are compromised due to disease
or mortality once the stock is placed in a commercial environment.

ROBUSTNESS
Producers often talk about the robustness of their animals, a
breeding goal common among those working with salmon. Selective
breeding of fish that are more robust than the previous generation
presents geneticists with a real challenge, since there is no accepted
measurement of robustness. Clearly, without a scale of measurement
for such a trait, it becomes impossible to carry out effective genetic
selection.
An interesting way to look at this issue is to define robustness by
what it delivers. For example, robustness can be defined as the ability
of animals to grow well when conditions are challenging or variable.
It could also be said that robust animals will continue to grow well
under a disease challenge. All of this means that growth rates, body
condition and disease resistance are traits related to robustness that
can be both measured and therefore bred for.

PEDIGREE BREEDING
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This is the context in which Landcatch Natural Selection Ltd runs
breeding programmes for Atlantic salmon in Scotland and Chile. In
both of these locations, pedigree breeding programmes have been
established over many years, with a great deal of effort being taken
to ensure that the best balance is maintained between selection for
all aspects of improved growth, processing performance and disease
resistance.
Achieving the ultimate breeding goal of improved robustness
depends on drawing several features of these breeding programmes
together to produce a balanced end product.
The fact that both Landcatch breeding programmes are fully
pedigreed means that all individuals have family performance
records going back for at least two generations. Using information
from relatives is an effective method of increasing the accuracy of
decisions regarding which animals to use for breeding.
This is especially important for traits associated with robustness,
such as disease resistance, where the data used is the incidence
of mortality within each family. Such traits are known as “all or
nothing”, or binary traits, and can only be effectively selected for
where there is a pedigree structure in place and a family incidence
of mortality can be assessed.
Other all or nothing traits include the presence or absence of
deformities or early maturation (grilsing), both of which are used
in the selective breeding of Landcatch stock.

BREEDING AND DISEASE MANAGEMENT
allele allele -

Marker assisted selection allows fish carrying favourable versions of genes
to be selected from families of individual with similar breeding values
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Landcatch has also pioneered the approach of placing representative
members of each family in commercial conditions to measure the
susceptibility of the family to disease present in the production
environment.
Tissue samples are taken from all fish that succumb to disease,
and each death is allocated to its family of origin using Landcatch’s
range of micro-satellite DNA markers. This technology is similar to
DNA fingerprinting used in human forensic science.

▲

This sentinel approach has been successfully used to show that
resistance to infectious pancreatic necrosis (IPN) has a genetic
component. It has also been used to selectively breed for improved
disease resistance over a number of generations.
As a result, Landcatch Atlantic salmon are more resistant to IPN
than was the case with their parents. Improved resistance, combined
with better biosecurity and new vaccines, will undoubtedly minimise
the detrimental effects of IPN.
Experience in other livestock species shows that pathogens evolve
in parallel with changing production practices. This may already be
happening with IPN, which originally had major effects in seawater
production. Today, with the development of effective vaccines for
smolts, the major effect of IPN in many markets is during the
freshwater stage.
As a consequence, Landcatch has moved its assessment of IPN
resistance into the freshwater environment. Since pre-smolts have
an immature immune system, it is expected that selection for IPN in
juvenile salmon will operate more effectively on the innate aspects
of disease resistance, rather than acquired resistance.
The conventional approach to selectively breeding for improved
disease resistance is to measure the incidence of disease in each
family and to use statistical methods, based on genetic relationships,
to predict and remove those families that are most susceptible to
disease.
Such selection, however, is more effective when predictions can be
made within families concerning which individuals carry genes that
make them more susceptible to the disease.
An approach, known as marker-assisted selection, has been
developed in other livestock species where DNA genotyping is used
within a pedigree programme to identify markers for those genes
that have a major effect on various traits, such as disease resistance.
These markers can be used to identify animals that carry
unfavourable versions of the gene, allowing these animals to be
removed from the breeding programme. Research is being carried

AN LNS TECHNICIAN PREPARES
ATLANTIC SALMON SAMPLES FOR
DNA FINGERPRINTING

out involving Landcatch to identify such markers in Atlantic
salmon, and implementing this technology will result in even
greater improvements in disease resistance than has been achieved
so far. Landcatch is developing this approach for IPN and other
diseases such as pancreas disease and salmon rickettsia.
The successful development of salmon that are more robust
involves balancing selection for a number of different traits,
including growth, body condition and disease resistance.
Landcatch Natural Selection has established breeding programmes
in the northern and southern hemispheres to effectively breed for
improved performance.
New technology in molecular biology and genomics has been
used to breed for improved disease resistance. Only those breeding
companies capable of developing and applying such new technology
will be able to meet the changing needs of the global aquaculture
■
industry.
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Benefits resulting from this cooperative connection include
research projects involving the collaboration of researchers and
students from both organisations, opportunities for students to be
involved with BC CAHS and BC CAHS industry contacts, and joint
professional development opportunities.
See www.nic.bc.ca and www.mala.ca/index.asp
National links. The BC CAHS, on the Canadian Pacific coast
collaborates with the Centre for Aquatic Health Sciences (CAHS)
on the Canadian Atlantic coast. CAHS at the Atlantic Veterinary
College, University of Prince Edward Island, was established in the
fall of 2003 with the overall goal to provide leadership in health
research that advances policy and economic risk management
decisions in support of the aquaculture industry. The field-based
(epidemiology) and lab-based (disease intervention) research
activities will contribute to this goal through their objectives to
provide more effective health risk identification and management;
to increase effectiveness of interventions; and to contribute to policy
decisions in aquatic animal health.
See www.upei.ca/cahs/index.html and www.upei.ca/~avc
International links. The BC CAHS is in the process of arranging
student exchanges with New Zealand’s National Institute of Water
and Atmospheric Research Ltd, the leading provider of atmospheric
and aquatic research and associated products and services. NIWA’s
diverse range of activities and skills benefit New Zealand by fostering
economic growth, enhancing human well-being, and ensuring the
sustainable use and development of our natural resources.
NIWA is an internationally respected research organisation that
is dedicated to creating and delivering innovative and unrivalled
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science-based products and services that enable people and
businesses to make best use of the natural environment and its
living resources, and derive benefit from them in a sustainable
manner.
See www.niwa.co.nz/flash

CONTACT
BC Centre for Aquatic Health Sciences (BC CAHS)
PO Box 277, Campbell River, BC, Canada, V9W 5B1
621 Island Highway, Campbell River, BC, Canada V9W 2C2
Phone 250 286-6102, fax 250 286-6103
email linda.sams@cahs-bc.ca
See www.cahs-bc.ca
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IMPORTANT BREAKTHROUGH
IN SALMON DISEASE RESEARCH
BY NEIL YOUNG, RICHARD MORRISON, PHILIP CROSBIE, MARK ADAMS AND BARBARA NOWAK
(TASMANIAN AQUACULTURE AND FISHERIES INSTITUTE, UNIVERSITY OF TASMANIA, AUSTRALIA)
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ur research group at the Tasmanian Aquaculture and
Fisheries Institute has made an unexpected discovery that
has rewritten 20 years of research. A previously unknown
but related species of parasitic amoeba has been identified as the
cause of amoebic gill disease (AGD), a familiar problem troubling
Atlantic salmon aquaculture in Tasmania, Australia. The study, to be
published in the journal International Journal for Parasitology, is the
first to formally confirm the disease-causing agent of AGD.
When Atlantic salmon smolts were first transferred to marine
sites in Tasmania during the mid-1980s, the fish soon developed a
condition that was later described as AGD. At that time, the late Dr
Barry Munday outlined the pathological features of affected fish,
but it wasn’t until 1988 that the infectious agent was named.
Dr Mike Kent and his colleagues analysed the morphological
features of gill-derived amoeba from coho salmon farmed in the
United States, and concluded that the agent was Neoparamoeba
pemaquidensis. In the ensuing years, Tasmanian researchers from
the Department of Primary Industries and the CSIRO produced
antibodies against N pemaquidensis and developed a PCR assay.
These tools were integrated into various techniques that became
widely used for diagnostic purposes. Since then, AGD has been
reported in other countries, including Ireland, France, Spain, Chile
and Scotland. In addition to salmonids, this disease also affects
farmed turbot.
In 2005, as a result of collaboration with the Czech Academy
of Sciences, a new species of Neoparamoeba, Neoparamoeba
branchiphila, was discovered by Dr Iva Dyková. Several strains
of this species were cultured from the gills of AGD-affected fish,
both from field and laboratory infections, suggesting that multiple
pathogens may cause AGD, and that the diagnostics based on N
pemaquidensis detection may be redundant.
At this point, our research group was interested to know the
proportion of N pemaquidensis and N branchiphila in AGD-affected
Atlantic salmon. To begin with, N pemaquidensis or N branchiphilaspecific PCR primers were used to amplify DNA from non-cultured,
gill-derived amoebae from AGD-affected Atlantic salmon. However,
we found that there were almost no
N branchiphila present, and the N
pemaquidensis PCR amplification did
not work well.
We then decided to start sequencing
the DNA of non-cultured, gill-derived
amoebae from AGD-affected Atlantic
salmon. We analysed these DNA
sequences using specialised computer
models, and discovered that they were
different from those of N pemaquidensis
and N branchiphila. These observations
were interesting, but in order to place
them into context, the DNA sequences
we obtained were cross-matched with
those of AGD-associated amoebae in
situ.
DNA probes were designed to
bind either the new DNA sequences
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from non-cultured, gill-derived amoebae, N branchiphila or N
pemaquidensis. Surprisingly, the only probe that bound AGDrelated amoeba was specific for the new DNA sequences from
non-cultured, gill-derived amoebae. These data was used to argue
that the infectious agent should be considered a new species, and it
was named Neoparamoeba perurans. This name originated from the
Latin word for inflame, representing the inflammation associated
with attachment of amoebae to gill lamellae.
The most exciting outcome of this research is that our discovery
will facilitate future development of diagnostics, treatments and
vaccines that will directly benefit salmon farmers. Our immediate
efforts are in the development of diagnostic tests specific for this
amoeba.
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Queen Sirikit National Convention Centre
Bangkok
Thailand
March 6, 2008
The preliminary programme has been announced and
registrations have opened for Aquafeed Horizons Asia 08, an
Aquafeed.com symposium to be held on March 6, 2008, during
Victam Asia 2008. The conference, which is supported by the
Thailand Department of Fisheries, will be held at the Queen
Sirikit National Convention Centre, Bangkok, Thailand.
“We are honoured that Dr Juadee, a senior expert in aquatic
animal nutrition at the Thai Department of Fisheries, will
open the workshop, as she did last time in Bangkok,” said Suzi
Fraser Dominy, the publisher of Aquafeed.com, who are the
workshop organisers.
Dr Pongmaneerat’s keynote address on aquafeed and
aquaculture production and policies in Thailand will kick off
a packed day of presentations. Dr Dean Akiyama, senior vicepresident Charoen Pokphand Indonesia, Aquafeed Technology,
and Dr Warren Dominy, director, aquatic feed and nutrition
department, Oceanic Institute, Hawaii, will chair the oneday meeting. It will be strongly technical and will cover feed
processing technology and cutting-edge ingredient solutions
to meet the challenges facing the industry in the Asia Pacific
region.
CONFIRMED SPEAKERS INCLUDE:
Dr Juadee Pongmaneerat, Department of Fisheries, Thailand
Dr Andrew Moore, Centre for Environment,
Fisheries and Aquaculture Science, United Kingdom
Dr Peter Coutteau, Inve, Belgium
Dimitri Sclabos, Sclabos Consulting, Chile
Galen Rokey, Wenger Manufacturing Inc, USA
Joe Kearns, Wenger Manufacturing, Inc, USA
Will Henry, Extru-Tech, Inc, USA
Dr Vincent Fournier, Aquativ, France
TOPICS WILL INCLUDE:
• aquafeed and aquaculture production and policies in
Thailand
• pheromone-based feeding attractants for sustainable
aquaculture
• promoting animal health through feed
• improving palatability in shrimp feeds
• starter diet production technology
• ingredient trends and effects on extrusion process, and
• technical advances in extruded shrimp.
The symposium, Aquafeed Horizons Asia 2008, is the third
Aquafeed.com conference to be held in association with Victam
international, and the second at Victam Asia, the region’s
leading feed show. Held every other year, Victam Asia is the
premiere event for the feed industries in South East Asia.
For information on Victam Asia 2008, see www.victam.
com/asia.php. See the conference website, www.aquafeed.info
or email conferences@aquafeed.com
■
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Working Together to Alleviate Poverty

Aquaculture without Frontiers

Requests Your Assistance
The independent non-profit organisation Aquaculture without Frontiers (AwF) promotes
and supports sustainable aquaculture initiatives in developing countries around the world.
AwF is currently teaching poor families in Bangladesh, India , Malawi and Thailand to raise
fish for food and income through small-scale responsible
aquaculture. AwF has also assisted tsunami-devastated
shrimp farmers in India and Indonesia.
Further information on our activities, including how
to donate to help our future work, can be found at:
www.aquaculturewithoutfrontiers.org
Aquaculture without Frontiers - be a part of something special.

