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Foreword

The Australian Governmetepartment of Agriculture, Water and the Environménpleased to
introduce the fifth edition of this field guide.

The field guide ands accompanying phone application aims to help people recognise diseases of
significance to aquaculture and fisheries in Australia. This edition incorporates new and updated
information gathered from an extensive review of the fourth edition. It now ce aquatic animal
diseases of significance to Australia that affect species of finfish, crustaceans, molluscs and
amphibians.

Early recognition and reporting of suspected disease outbreaks is critical to protecting our unique
aguatic biodiversity, anddheries and aquaculture sectors. It can permit a rapid disease response to
contain outbreaks, increasing the opportunity for disease eradication and thereby limiting potential
impacts on aquatic animal industries and the environment. People who work elgblaquatic
animals are usually the first to notice signs of a significant disease event. This field guide provides
guidance for these peopteaquaculture workers, commercial fishers, recreational fishers,
guarantine staff, scientists, conservationistelastudents to recognize significant aquatic animal
diseases, should they occur.

Many people and institutions have contributed to the field guide, including fish health experts from
industry, research organisations, state and territory governments, andrgoent agencies of the
AsiaPacific region (including New Zealand), Canada, Denmark, Norway, the Netherlands, the United
Kingdom and the United States of America.

Drawing extensively on experience and research activities in aquatic animal health manggemen
both in Australia and abroad, the guide and its phone application complements the growing body of
practical knowledge published for aquaculture and fisheries in Australia. On behalf of the Australian
Government, | thank all contributors to this produstifor their efforts and commend this field guide

to you.

Dr Mark 8hipp

Australian Chief Veterinary Officer

Department of Agriculture, Water and the Environment
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Introduction

This field guide provides ready access to information on the aquatic animal diségsfisant to
l dzZA GNF £ A @ ¢KSAaS RA&ASIF&ASa KI@S LRGSYGAlt G2 RAAN
and aquaculture productivity, and international trade.

The diseases covered here aré imlzd i NI f A Q& VI GAZ2YyIEf fAad 2F NBLI2Z2NJ
which includes those reportable through the regional Quarterly Aquatic Animal Disease reporting

program (managed by thidetwork of Aquaculture Céres in AsiaPacifi¢ the Food and Agriculture

Organization of the United Nations alidorld Organisation for Animal Health), as well as other

diseases of national significance.

The field guide is aimed at fishery and aquaculture managers, their fieldsttdfinary workers and

students of aquatic animal health. The publication is also relevant to people in the seafood

processing and retail industry, recreational and commercial fishers, and the general public. For

people participating in national surveitice and monitoring for aquatic animal disease, the field

guide is a valuable disease reference. For the casual reader, the field guide gives an informative and
2F0GSY 3INILKAO | O02dzyt 2F (GKS RAaSHasSa FyR 2NHI YA
expanding aquaculture industries.

The marine and freshwater environments in Australia are rich with many types of animals. The field

guide focuses on fish, molluscs (such as oysters), crustaceans (such as prawns) and amphibians (such

as frogs). It is not pogsde to list every disease for every species in a publication of this type. The
SYLKIFIara Aa 2y AyTFSOiGA2dza RA&SIaAaSa FT2dzyR 2y | dza i
Aquatic Animals, significant to our aquaculture industries, fisheries and enveot.

Nature of disease

The diseases described in this field guide are caused by infectious Bgémises, bacteria, fungi or
parasites Diseases with nofinfectious causes are outside its scope. Ndectious causes of disease
in the aquatic environmerare often attributable to the environment itself: morbidity and mortality
can result from natural or human influenced events that lead to oxygen depletion, production of
aquatic toxins, or changes in water temperature or salinity. However, diseasetiitour simply
because an infectious agent is presefite likelihood of disease being expressed is determined by
the specific interactions between the host (the aquatic animal), the infectious agent or pathogen,
and theenvironment Figurel).

Figurel Relationship between host, pathogen and théeironment in disease outbreaks

wﬁﬂﬁm
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1


http://www.agriculture.gov.au/animal/aquatic/reporting/reportable-diseases

Aquaticanimal diseasesignificant to Australiaidentification field guide 8 edition

Laboratory tests and sampling

Photographs of gross diseasigns, such as those in this field guide, can help an investigator to
create a preliminary list of possible disease agents (differential diagnosis list) for the case under
investigation. However, although gross signs narrow the search for possible abegtare not
adequate for definitive diagnosis; representative samples from the diseased animal(s) and the
environment in which they live need to be taken for analysis. Several publications offering
information about sampling are available.

1 The World Orgaisation for Animal Health (OlE)anual of diagnostic tests for aquatic animals
provides standard diagnostic methods for ditfed diseases.

1 Asia diagnostic guide to aquatic animal disegwevides diagnostic guidelines for the
pathogens and diseases listed in the Quarterly Aquatic Animal Disease Reporting System.

1 The website of the Australian Governmddtpartment of Agriculture, Water and the
Envronment (DAWEDrovides information on the management of inland water quality.

Reporting disease

Fishery and aquaculture industry managers, as well as farmers and their staff, should be aware of

their responsibilities to rapidly report any suspicion of disease8czd (0 NI f A Q& y I GA2Yy | f
reportable diseases of aguatic anim#ddocal authorities.

To prepare for possible disease incursion, fishery and aquaculture industry managers should develop
an emergency management plan, in consultation with farmersapmtopriate extension staff.

If you identify signs of disease in a culture system, contact your aquatic animal health officer. If your
observation is of wild aquatic animals, contact a wildlife or fisheries officer.

A national emergency animal disease valtmtline number has been established to assist early
reporting of suspicious disease events. C80I0 675 88&free call and available Z2aburs).

Current contact details for state and territory governments are providezhipendix BCall to report
your find or ask further questions on the observations you have made. You will be directed to an
expert on disases of aquatic animals within your state or territory.

Follow the directions and advice provided by the officer you contact. This field guide will help you
find the information the officer needs.

Department of Agriculture, Water and the Environment
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Using thefield guide

This field guide begins with coveragithe anatomy(section J of finfish, molluscs, crustaceans and
amphibians, including images and illustrations. These are to help the reader describe lesions when
reporting a suspected disease. It follows with descriptiongfmh infectious disease present in

l dza G N> £ Al Qa yvIGA2YIf f A&G 2Theséldielpiedeniad alphabetigallys S| a4 S &
and classified into infdious diseases affecting finfish, molluscs (such as oysters), crustaceans (such

as prawns) and amphibians (such as frogs).

This field guidés available both as a PDF document and @svenloadable phone ap@-he field
guide phone app (listed as the Agitatlisease field guide) can be downloaded free for iOS and
android devices at the relevant iTunes or app store outlets. For more information, séejtiztic
animal diseases significant to Ausi@alldentification field guide mobile applicatiimtroductory
video.

In both the PDF document and phone app, each disease page describes the:

signs of disease (at the farm/tank/pond level and gross and microscopic pathological signs)
disease agent

host sgecies that carry the disease agent

presence of the disease in Australia

epidemiology of the disease

other diseases in the field guide that may have similar signs

= =4 =4 -4 - A -2

samplecollection and reporting of disease outbreaks.

The disease pages also include photographs of animals with gross signs of disease and/or histological
images detailing the typical tissue changes present.

Diagnosing diseases of aquatic animals is a strudtprecess, which begins with making detailed
observations, then asking the right questions. The primary aim of this process is to create a broad list
of possible diseases that may account for the observed signs. This list can be further refined by
targetedquestioning and diagnostic tests.

Questions to ask may include:
1  Which species, age class, sizes and sex of animals are involved?

1  What specifically have you observetbr example, behavioural changes, changes in feed intake
(reduced or increased), changesfaecal output?

Are there obvious gross lesions (such as colour changes, ulcers or spots)?
Does disease result in morbidity only, or are there mortalities?
What level of mortality has been observed?

Do animals show signs of recovery?

= =4 =4 4 =

At what rate did yowbserve disease (sudden death or chronic progression of disease)?

Department of Agriculture, Water and the Environment
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9 Is this the first occurrence of disease with this presentation in your facility?
1 Are any neighbouring properties or facilities reporting diseases?
1 Have there been recemntroductions to the facility or any changes in practice?

' FUGSNI YF{AY3 @2dz2NJ AYAGALFE 20aSNBIGA2yas 32 (2 (K
up the diseases listed that match your observations, and you will find photographs anerfurth

information to help you narrow the search for the cause of the disease. For example, you might have
observed disease in a marine fish, but then find that the listed disease with similar presenting signs

affects only freshwater speciedn this way, you &n eliminate the unlikely, and your list of

differential diagnoses will be shorter. In all cases, however, laboratory tests would be required for a
definitive diagnosis. Local authorities with responsibility for aquatic animal health can advise on

further courses of action should you suspect any disease listed in the field guide.

Signs of disease

Diagnostic information based on disease signs at the farm, tank or pond level, and gross pathological
signs (abnormalities that can be seen with the naked eyejnapertant. However, in most cases, it is
impossible to arrive at a definitive diagnosis on the basis of these signs alone. Although some users
will not have experiace inhistological examination, or the equipment required for such examination

in the field, the field guide also lists microscopic pathological disease signs.

Mass mortality

A fish kill involving a range of species is more likely caused by an environmental problem, such as
toxicity or oxygen depletion. Deaths limited to one species (whererapecies are also present) are
more likely a result of an infectious agent.

Behavioural changes

All species of aguatic animals have characteristic protection,-g@tkering and breeding

behaviours. Abnormal behaviour, such as a decrease in feeding,indiddte stress from disease.

Some behavioural changes can occur across groups of species, or even across different phyla. In
molluscs, few behavioural differences are observed such as gaping or delayed closing (in oysters) and
decreased feeding or adhesi to vertical surfaces (in abalone). Finfish often gather at water inlets or

gasp for air at the surface if the water is depleted of oxygen. If irritated by skin parasites, they may

daO0NI LIS (KSYaSt@gSa 2y KI NR adzNF I drfflidate dise&sk fanA y 3 2 NJ
an infectious agent or aquatic toxins. In both finfish and crustaceans, gathering at the surface or

pond edges can often be a sign of disease.

Gross signs

Gross pathological changes may indicate the presence of infectious disaasfl Gbservation and
further laboratory investigation is required to make a definitive diagnosis because many of the signs
are not singularly pathognomonic (characteristic for a specific disease) and may be common
pathological changes associated with tipié infectious agents. The table below describes some of
the more commonly observed visible signs and the groups of aquatic animals dealt with in this field
guide for which these are most often observed.

Department of Agriculture, Water and the Environment
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Tablel Potential gross gjns of disease

Sign Finfish Molluscs Crustaceans Amphibians
Changes in the colour, texture and opacity of fle * * * *
Tissue necrosis and lesions * * * *
Retraction of gill margins na * na na
Pustules * * na na
External spots * na * na
Changes in surface colour * na * *
Secondary fungal or bacterial growth * * * *
Deformities and tumours * na * *
Swollen or discoloured organs or faecal castes * * * *
White midgut line na na * na
Broken or damaged appendages na na * na
Erosion of shell na na * na
Lesions or ulcers on skin or gills * na * *
Haemorrhaging with associated anaemia * na na *
Granulomas * na * na
Exophthalmos (popeye) * na na na
Ascites (accumulation of fluid in peritoneal cavit * na na *
Petechial haemorrhages (pinpoint bleeding in st * na na *
and mucous membranes)

Ecchymotic haemorrhages (bleeding or bruising * na na *
beneath the skin or mucous membranes)

Excessive mucus on gills and skin * * na na
Dropsy(accumulation of fluid in body tissues) * na na *
Protrusion of scales * na na na

* Potential gross sign of diseas® Sign is not applicable to thaxonomic grouping

Host range

A list of species known to be susceptible to the infectious aggmbisded. Species are further
classified as either naturally susceptible (diseased animals have been identified in the wild) or
experimentally susceptible. Lists of susceptible species reflect the information available at the time
of publishing. However, ith further understanding and sampling, it is expected that such lists will
expand and/or require refining. Both common and scientific names for hosts are provided.

Presance inAustralia

Information on the national distribution of diseases listed in tleddfiguide is based on formal

reporting through the regional Quarterly Aquatic Animal Disease reporting program. This program is
managed by thé&letwork of Aquaulture Centres in Asi@acifiqgNACA), Food and Agriculture
Organisations of the United NationsAO) and the World Organisation for Animal Health (OIE).
Australia has been an active participant since 1998.

Department of Agriculture, Water and the Environment
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Where a listed disease has been reported under the program to havefresant, a map

illustrating where it occurred in Australia is included. States or territories having reported disease are
listed, and shown in orange in the distribution map. It is important to note that, although a map may
identify a state or territory 8 having reported a disease, this implies neither that it is present at the
time of publication nor that it occurs across the entire state or territory.

Readers should consult thgorld AnimaHealth Information Database (WAHID) interfdeecurrent
information on global distribution of diseases outside Australia.

Exotic diseases

Diseases in this field guide described as exotic are those that do not occur in Australian aquatic
animal populatios. Diseases present in Australia may still be listed as exotic if they are subject to an
ongoing emergency disease response to contain and eradicate the disease.

Endemic diseases
Endemic (enzootic) diseases are those that have established in Australi@icaanimal populations.
They might be native to Australia or might have been introduced in the past.

Epidemiology

The field guide describes epidemiological factors that are important to each disease. The key to
describing the epidemiology of a diseasedires understanding the relationship between the
infectious agent, the host/s and the environment. Factors relating to the infectious agent include its
life cycle (direct transmission or a requirement for intermediate host stages), survival outside the
hog (carriage on fomites, passage in wastewater) and sensitivity to certain temperatures or
salinities.

Host factors may include the susceptible species, ages, sexes and sizes involved. Environmental
factors include seasonal and nerasonal variations in eeperature, food availability, salinity,

available oxygen, species movement and exposure to different environments (for example,
migrations or gathering for breeding). These factors can affect disease agent survivability and host
immune competence.

Differential diagnosis

The list of similar diseases at the bottom of each disease page refers only to the diseases covered by
this field guide. Gross signs observed might well be representative of a wider range of diseases not
included here. Therefore, these diaagiic aids should not be used as a guide to a definitive

diagnosis, but rather as a tool to help identify the diseases included in this field guide that most
closely account for the observed gross signs. Further diagnostic testing will be required tam confi
either presence or freedom from a suspected disease.

Department of Agriculture, Water and the Environment
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1. Anatomy
Finfish

The external and internal anatomy of finfish varies considerably across species. Specific adaptations
to predatorgprey interactions, aquatic habitat variability and dietary preferencas explain these
differences. One example is the short intestinal length of carnivorous fish compared with the
relatively long intestine of herbivorous fish. Another, is the ventrally directed mouth of bettom
feeding species such as European c@ypfirus carpig compared with the upward oriented mouth

of the surfacefeeding saratogaScleropages leicharditi

Figure2 Mature male Atlantic salmon%almo salay

Note: Typical hooked mouth.
Source: M Porter

Figure3 Gravid female Atlantic salmonSalmo salay

Note: Distended abdomen and protruding spawning vent.
Source: M Porter

Figure4 Anatomy of female juvenile salmon

Dorsal fin
Kidney

] _ Caudal fin
Adipose fin

Anal fin
Intestine

Ovary Spleen Pelvic fin

Source: Australian GovernmebDepartment of Agriculture, Water and the Environment

Department of Agriculture, Water and the Environment
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Figure5 Stomach cavity ofjravid female Atlantic salmonSalmo salay

N\

Note: Stomach cavity dominated by ovary. Compare the relative size of ovary with the rest of the internal organs.
Source: K Nelson

Figure6 Internal organs ofgravid female Atlantic salmonSalmo salay

Note: Ovary (a) is positiondgbtweenthe liver (b) and intestines (end the vertebrae
Source: M Porter

Figure7 Degenerative eggs in old femalstlantic salmon §almo salay

Source: M Porter

Department of Agriculture, Water and the Environment
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Figure8 Golden perch Macquaria ambigud

Note: Compare morphology to silver per@idyanus bidyanysn Figure9
Source: New South Wales Department of Primary Industries

Figure9 Silver perch Bidyanus bidyanups

Note: Compare morphology to golden perdfiacquaria ambigugin Figure8.Figure9
Source: New South Wales Department of Primary Industries

FigurelO Internal anatomy of silver perchRidyanus bidyanups

Swim Bladder

Intestines Vent

Source: New South Wales Department of Primary Industries

Department of Agriculture, Water and the Environment
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Molluscs
Abalone
Figurell Anatomy of abalonelfaliotissp.)t ventral view

Light receptor Head tentacle

¥ Oesophagus

Anus <,
Frill
epipodium
aut (epipodium)
Shell
Hypobranchial muscle
glands '
Heart Gonad
Foot
Gut
- Tentacle
Source: KScott
Figurel2 Anatomy of abalone faliotissp.)t dorsal view
Shell Respiratory pore

Source: K Scott

Department of Agriculture, Water and the Environment
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Figurel3 Abalone variations ventral view

Note: Greenlip abalond{aliotis laevigatgleft). Blacklip abalonéaliotis ruba (top right). Hybrid tiger abalonéjaliotis
laevigatax H.rubra (bottom right).
Source: K Scott

Oysters

Figurel4 General anatomy of oyster@streasp.)

)

]
Iiiare,

)

i
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\
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Tant

Denticle

Cut surface
of gill

Source: Australian GovernmeBDepartment of Agriculture, Water and the Environment
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Figurel5Healthy European flat oysterdstreaedulis

Source: | Arzul, French Research Institute for Exploration of the Sea

Department of Agriculture, Water and the Environment
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Crustaceans

Prawns
¢CKS 02YY2y yIYSa WLINIgyQ YR WaKNAYLIQ INB 2F03Sy
different parts of the world. This field guide uses the terms most commonly used in Australia. Where
Australian species of crustaceans are primarily involved in the disease, they are referred to as
prawns. However, where the species of crustacean invalvéide disease are exotic to Australia,
they are referred to as shrimp.
Figurel6 External anatomy of prawn
Antennular flagellum
1 Eyestalk

Rostrum Hepatic Spine
Abdominal Segment

“' Sixth abdominal
i ‘ N ' segment

ARG

Third maxilliped
Pereiopod \ ‘§

Antenna Pleopod Uropod

Source: R Bowater, Queensland Department of Primary Industries and Fisheries

Figurel7 Black tiger prawn Penaeus monodon

Source: Australian GovernmebDepartment of Agriculture, Water and the Environment

Department of Agriculture, Water and the Environment
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Crabs

Figurel8 External anatomy of crab

Aantenna.ABabdomen (underneath)Cclaw.CAcarapaceEeye.SLswimming legWLwalking leg.
Source: R Bowater, Queensland, Department of Primary Industries and Fisheries

Figurel9internal anatomy of cralb saggital section

VNC

AGantennal glandDGdigestive glandhepatopancreas)Eeye.H heart. HGhindgut.M midgut. O oesophagusSstomach.
SGsupraoesophageal gangliohGthoracic ganglionvNCventral nerve cord.
Source: R Bowater, Queensland Department of Primary Industries and Fisheries

Department of Agriculture, Water and the Environment
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Figure20 Internal anatomy of blue swimmer cab (Callinectes sapidys

Source: O Zmora

Crayfish

Figure21 External anatomy of freshwater crayfish

Cephalothorax gills under this section

Antennule

Antenna

Swimmerets

Cheliped (pleopods)

Walking legs

Source: Australian GovernmeDepartment of Agriculture, Water and the Environment
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Figure22 Internal anatomy offreshwater crayisht sagittal section

Stomach ~ Ovary

Mid gut Hepatopancreas
(digestive gland)

Source: Australian GovernmeBDepartment of Agriculture, Wateand the Environment

Figure23 Redclaw crayfish@herax quadricarinatus

R T
i, AT T 6

Source: C Jones

Figure24 Gills ofredclaw crayfish Cheraxquadricarinatug

Source: C Jones

Department of Agriculture, Water and the Environment
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Amphibians

Amphibians are comprised of the orders Anura (frogs and toads), Caudata (including salamanders,
newts and sirens) and Gymnophiona (caecilians). In Australia, we are primarily concerned with the
health ofanurans.

Amphibians undergo a metamorphosis that is unique among vertebrates; from a juvenile, obligatory
aquatic form with gills (tadpoles) to a seaquatic adult form with lungs. Adult amphibians also have
the unique ability to breathe transdermally ¢(ugh the skin), meaning changesthe skin through
disease, trauma or mishandling can have significant health impacts.

Early recognition and a deep understanding of the significant diseases affecting amphibians will be
crucial to halting the current ddoke in species biodiversity seen in Australia. Although not of great
commercial interest in Australia, native amphibians act as sentinels of change in aquatic
environments. The anatomical descriptiondrigure25 and Figure26 are not exhaustive but are
intended to help field guide users communicate the location and extent of gxiesn@l anatomical
changes.

Figure25 External anatony of frogt left lateral view
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Source: Australian GovernmebDepartment of Agriculture, Water and the Environment
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Figure26 External anatony of frogt dorsalview
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2. Diseases of finfish

Viral diseases of finfish

Channel catfish virus disease (CCVD)
Also known as infection with Ictalurid herpesvitus

Exotic disease

Figure27 Channel catfish [ctalurus punctatu3 fingerling showing signs of CCVD

Note: Swollen abdomen and popeye.
Source: LA Hanson

Figure28 Channel catfish [ctalurus punctatu3 with CC\D

Note: Haemorrhages present on the base of the body, gillsfiasd
Source: United Statd3epartment of Agriculture

Department of Agriculture, Water and the Environment
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Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pdadel are:

1 decreased feeding activity (usually the first sign of disease)
1 high mortality in fry and juvenile catfish

1 erratic swimming
1

brief episodes of hyperactivity when fish are disturbed, followed by extended periods of
lethargy

1 large congregations oish at the sides of hatching troughs or ponds, motionless in a-npad
tail-down position.

Gross pathological signs are:
swollen abdomen
exophthalmos (popeye)

haemorrhaging of fins and ventral abdomen

dark and enlarged spleen

1
1
1
1 haemorrhaging of the musculature, liver and kidneys
1
9 fluid in the abdominal cavity

1

pale, enlarged kidneys, which may be the only internal indication of disease in infected fish.
Microscopic pathological signs are:

I extensive necrosis of renal tubules and interstitial tissues of the kidne

Disease agent
CCVD is caused by infection with Ictalurid herpesvdirasdouble stranded DNA herpes virus
classified within the genustalurivirus from the familyAlloherpesviridae

Host range

CCVD has been reported from blue catfish, channel catfidhchannel catfish hybrids cultured in the
USA, as well @angasiugBasa) catfish cultured in Asia. Ictalurid herpesvirisis also been isolated
from crucian carpQarassius carassiuand common carp3yprinus carpionot exhibiting disease
signs. It is currently unknown if they act as reservoirs for the virus.

Department of Agriculture, Water and the Environment
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Table2 Species known to be susceptible @CVD

Common name Scientific name

Blue catfish Ictalurus furcatus

Channel catfish Ictalurus punctatus

Common carp an#oi carp Cyprinus carpio

Crucian carp Carassius carassius

Striped catfish or Tea Pangasianodon hypophthalmus

aNaturally susceptibleNote:Other species have been shown to be experimentally susceptible.

Presence inAustralia
Exotic disasa not recorded in Australia.

Map 1 Presence of CCVD, by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

9 Horizontal transmission occurs directly from virus shed in water, and from virus carried by
animal vectors and on fomites.

I Verticaltransmission (from parent to offspring via eggs) is believed to be common.

I Mortality rates in exposed fish can exce@sbb. Survivors of CCVD may experience gbart
reductions in feed conversion (reduced weight gain). Generally, these fish appear hotmal
become carriers of the virus.

I Susceptibility appears to vary according to the strain of the virus.

1 The disease occurs almost exclusively in fish that are less thear bld (fry and fingerlings) or
smaller than 15cm in length. The majority of occaes are in fish less thamdonths old.

1 Mortality rates are highest where water temperature exce@dSC and declines with a

reduction in temperature. Mortality rates are negligible at water temperatures lower t&i¢.

Department of Agriculture, Water and the Environment
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Differential diagnosis

The list osimilar diseasei the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs tprovide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases
Enteric septicaemia of catfish, European catfish E3V) an&uropean sheatfish vir(&SV,)and
infection with Aeromonas salmonicidaatypical strains

Sample collection
Only trained personnel should collect samples. Using only gross pathological signs to differentiate

between diseases is not reliable, and some aquatic animal disease agents pase ausans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or distficheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
{SS a2YSUGUKAYy3 @&2dz KAY]l A& GKAAa RAASIFASK wSL}2NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you tehe right
state or territory agency.

Further reading
CABI Invasive Species Compenditimnnel catfish virus diseas

Camus, AC 200€hannel catfish virus diseassouthern Regional Aquaculture Centr

CEFAS International Database on Aquatic Animal Dis€asesiel catfish virus disease

Department of Agriculture, Water and the Environment
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Epizootic haematopoietic necrosis (EHN)
Also known as infgion with epizootic haematopoietic necrosis virus (EHNV)

Figure29 Mass mortality of redfin perchRerca fluviatili§ due toEHN

Note: Affected individuals showing signs of EHN including swollen abdomen (a) and small size.
Source: J Humphrey

Figure30 Redfin perch Perca fluviatilig experimentally infected with EHNV

Note: Grossly visible multifocal necrotic foci in the liver.
Source: RVhittington

Signs of disease
Important: Animals with this digese may show one or more of these signs, but the pathogen may

still be present in the absence of any signs.
Disease signs at the farm, tank or pond level are:

1 hundreds or thousands of small (less than 10cm long), dead fish found on the downwind bank of
the water body

1 large numbers of fislkeating birds (such as seagulls) at the water surface

Department of Agriculture, Water and the Environment
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1 loss of appetite

1 juveniles (less than 25mm long) swimming in a disorientated fashion at the surface
1 occasional adults affected when the disease first arrives in an area.
Grosspathologicakigns are:

swollen abdomen

darkened skin colour

petechial (pinpoint) haemorrhages at the base of the fins

haemorrhaging of the gills

dead fish

enlargement of the kidney, liver and spleen

= =24 =4 -4 -4 A -2

focal white to yellow liver lesions.

Microscopigathological signs are:

1 coagulative or liqguefactive necrosis of the liver, kidney and spleen

9 necrotic lesions in the heart, pancreas, gastrointestinal tract and gills

1 small numbers obasophilic intracytoplasmic inclusion bodies surrounding necrotic arkthe
liver and kidney

Disease agent

EHNis caused binfection with epizootic haematopoietic necrosis virus (EHM¥longing to the
genusRanavirusvithin the familylridoviridae Closely related ranaviruses cause similar systemic
necrotising iridovirus syndromes in sheatfish and catfish in Europe (European sheatfish virus and
European catfish virgslso in this guide

Host range

Table3 Specieknown to be susceptible t&aHNV
Common name Scientific name
Macquarie perch Macquaria australasica
Mosquito fish Gambusia affinis
Mountain galaxias Galaxias olidus
Murray cod Maccullochella peelii
Rainbow trout Oncorhynchus mykiss
Redfinor European perch Perca fluviatilis
Silver perch Bidyanusidyanus
Piscivorous birds Various genera and species

aDemonstrated to carry EHNV subclinicablyNaturally susceptibleNote:Other species have been shown to be
experimentally susceptible

Department of Agriculture, Water and the Environment
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Presence inAustralia
EHN has been officialtgported from the Australian Capital Territory, New South Wales, South

Australia and Victoria.

Map 2 Presence of EHN, by jurisdiction

o, Al :
Ty &5 @ Disease present

L
:-g'"
%

§

et

Epidemiology

)l

EHN is usually seen in Australia as large Kills of small redfin perchmétiglity can also occur
among older perch in newly affected areas.

Clinical outbreaks are typically seen in fingerlings and juvenile fish, associated with poor water
guality and/or certain water temperatures (between 11°C and 17°C in rainbow trout and
above 12°C in redfin perch).

Mortalities occur over a short period (several weeks) in summer, and then the disease may
disappear from an area for years.

Low mortality rates over a period of months have been reported in young, farmed rainbow
trout.

Infectivityis less severe in rainbow trout than in redfin perch, with the disease mainly affecting
fingerlings less than 125mm long.

Lowgrade mortalities with covert EHNV infection can also occur in juvenile fish. Care must be
taken when moving redfin perch and maiow trout from the known geographical range of EHNV
to areas where it is exotic, unless freedémom diseasecan be adequately demonstrated.

EHN is a resistant virus, surviving for months in water, persisting in frozen fish tissues for more
than two yearsaand infrozenfish carcases for at least one year.

EHNV may be carried on equipment including nets and boats, in fish (live or dead) used for bait
and via the gut, feathers, feet and bill of piscivorbirsis.

Department of Agriculture, Water and the Environment
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Differential diagnosis

The list osimilar diseasei the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide afihitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases

Enteric red mouth diseas&jrunculosis, infection with HRé&eleted or HPRO infectious salmon
anaemia virus, irgctious haematopoietic necrosis (IHN), infectious pancreatic necrosis (IPN), viral
haemorrhagic septicaemia (VH8)whirling disease

Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency tgkingcall will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
{S8S a2YSGKAY3 &2dz GKAY]l A& ndtsuled RA&SIHASK wSLI2 NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or territory agency.

Further reading
CEFAS International Database on Aquatic Animal DisBaigestic Haematopoietic Necrasi

World Organisation for Animal Healihanual of diagnostic testfor aguatic aimals

Department of Agriculture, Water and the Environment
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European catfish virus (ECV) and Europsaeatfishvirus (ESV)

Exotic disease

Figure31 Skin lesions on tmwn bullhead @meiurus nebulosyswith ECV infection

Note: Haemorrhagic skin lesions on tabdomen
Source: Jamas

Figure32Fin lesion on bown bullhead Ameiurus nebulosuswith ECV infection

Note: Haemorrhagic skin lesions on the pelvic fin
Source: Jamas

Signs of disease
Important: Animals with thislisease may show one or more of these signs, but the pathogen may

still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:

1 sudden highmortality rates (up tal00%) in juvenile fish in aquaculture or in the wild
T losses of up to30% of adult sheatfish

1 loss of appetite 1o 2 days before mortalities occur

Department of Agriculture, Water and the Environment
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9 erratic spiral swimming at the water surface
1 lethargy.
Grosspathologicakigns are:

swollenabdomen (ascites)

darkened skin colour

haemorrhagic areas on the skin

1
1
1 petechial (pinpoint) haemorrhagesaind the base of paired fins and in the viscera
1
1 pale gills

1

many dead fish.
Microscopic pathological signs are:
1 coagulative or liquefactive necrosis of the liver, spleen and especially the kidney
9 destruction of haematopoietitissues

1 necrotic lesions in the heanpancreas, gastrointestinal tract and gills

Disease agent

ECV and ESV are classified as members of the Bamawirusvithin the familylridoviridae Other
closely related ranaviruses such as epizootic haematopoietic necrosis virus (Etabdriridovirus
(GIV) oRanavirugnaxima from European turbot cause similar systemic necrotising iridovirus
syndromes in a range of fish specfe$INV and Gl\feaalso in this guide)

Host range

EC\VandESV hee been detected only in Europ&hepathogen has triggered epizootics in cultivated
sheatfish in Germany and wild black bullheads in France, Italy and Hungary. Experimental ESV
infection causes high mortality in pike, but black bullhead and rainbow trout appear to be
unaffected, although val replication has been detected. Juvenile pike perch may be susceptible to
infection under certain conditions. These viruses may also be carried via the gut, feathers, feet and
bill of piscivorous birds.

Table4 Specieknown to be susceptible ttECVandESV

Common name Scientific name

Black bullhead or European catfish Ameiurus melas

Brown bullhead Ameiurus nebulosus

Pike Esox lucius

Pike perch Sander lucioperca

Rainbow trout Oncorhynchus mykiss

Wels catfish osheatfist Silurus glanis

Piscivorous birds Various genera and species

aNaturally susceptibleNote:Other species have been shown to be experimentally susceptible

Department of Agriculture, Water and the Environment
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Presence inAustralia
Exotic disease not recorded in Australia.

Map 3 Presence oECVand ESV by jurisdiction

& Exotic N
X Not recorded in Australia
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Epidemiology

1 ESV was the first fish ranavirus to be isolateBunope, when it was obtained from moribund
sheatfish Gilurus glanisfry experiencing 100% mortalities in Germamy989.

9 Clinical outbreaks of sudden mass mortalities are typically seen in fingerlings and juvenile fish,
though adult fish may also be affected.

I  Transmission is horizontal and can occur by cohabitation resulting in 108 mortality
within 11days.

1 Disease outbreaks may be associated with high summer water temperatures and/or poor water
quality.

I Ranaviruses are resistant viruses, surviving for months in water, persisting in frozen fish tissues
for more than two years and in fish carcasses for at leastyear.

1 Ranaviruses may be carried on equipment including nets and boats, in fish (live or dead) used

for bait and via the gut, feathers, feet and bill of piscivorous birds

Differential diagnosis
The list osimilar diseasein the next section refers only to the diseases covered by this field guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use theniad o help identify the listed diseases
that most closely account for the observed signs

Similar diseases
Channel catfish virus disease (CCVD), enteric septicaemia of eatfishizootic haematopoietic
necrosis (EHN)

Department of Agriculture, Water and the Environment
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Sample collection

Only trained prsonnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If

you are not appropriately trained, phone your state or territory halmumber and report your

observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergencyisease hotline

{SS a2YSUiKAy3 @2dz GKAY|l A& GKAA RAA&ASIF&aSK wSLR2NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or territory agency.

Further reading
CABI Invasive Speciéempendiumnisolation of ranavirus causing mass mortality in brown bullheads

(Ameiurus nebulosus) in Hungary

World Organisation for Animal Heallhanual of diagnostic tests for aguaticiarals

Department of Agriculture, Water and the Environment
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Grouper iridoviral disease
Also known as sleepy grouper disease, grouper iridovirus of Taiwan (TGIV) and Singapore

grouper iridovirus (SGIV)
Exotic disease

Figue 33 Gross signs of secondary infection in estuary c&pifephelus tauvinpinfected by
grouper iridovirus

Note: Deep ulceration in muscular tissue of the head.
Source: S Kanchanakhan

Figure34 Gross signs of secondary infection in estuary c&pifephelus tauvinpinfected by
grouper iridovirus

Note: Haemorrhagic red boils (a) on the body surface.
Source: S Kanchanakhan

Department of Agriculture, Water and the Environment
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Signs of disease
Important: Animals withhis disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:

typically highmortalities, with many dead and moribund fish
high mortality of young gnaper

loss of appetite

lethargic swimming

= =2 =4 -4 =2

rapid opercular movementand dashing to the surface for air (in the terminal phase).
Gross pathological signs are:

1 darkened body colour, pale gills and enlarged spleen

9 signs of secondaryfection such as deep ulgion or papular lesions.

Microscopic pathological signs are:

I necrosis othe splenic pulp, and myocardium

1 necrosis and reductionf haematopoietic tissue of the kidney in the absence of marked cell
hypertrophy.

Disease agent

Grouper iridovirus disease @aused by infection with grouper iridovirus (GIV), belonging to the genus
Ranavirusvithin the familylridoviridae Synonyms include grouper iridovirus of Taiwan (TGIV) and
Singapore grouper iridovirus (SGIV).

Host range

Table5 Species known to benaturally susceptible toGIV
Common name Scientific name
Brown marbled grouper Epinephelus fuscoguttatus
Coral trout Plectropomus leopardus
Estuary cod Epinephelus tauvina
Giantgrouper Epinephelus lanceolatus
Grouper ancestuary cod Epinepheluspp.
Malabar grouper Epinephelus malabaricus
Spotted coralgrouper Plectropomus maculatus
Tiger grouper hybrid Epinephelus fuscoguttatusE.lanceolatus
Yellow grouper Epinephelus awoara

Note: Cther species have been shownlte experimentally susceptible.

Department of Agriculture, Water and the Environment
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Presence inAustralia
Exotic disease not recorded in Australia.

Map 4 Presence ofjrouper iridoviral diseasgby jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

1  Grouper iridoviral disease causes losses in fryjanehile grouper, and in tb 2-yearold
marketsized grouper (a highly priced product in tropical mariculture).

1 Clinical disease and highest mortalities are usually seema-8nonth-old fish after stocking
into sea cages.

1 Older diseased fish typicaliyppear lethargic due to anaemia.

9 Horizontal contact and waterborne transmission appear to be the principal mechanisms for virus
spread.

Differential diagnosis
The list osimilar diseaseih the next section refers only to the diseases covered by this field guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a todptadeetify the listed diseases
that most closely account for the observed signs

Similar diseases
Infection withAphanomyces invadafEUS), infection with infectious spleen and kidney necrosis

virus (ISKNM)ke viruses, red sea bream iridoviral diseR81VDandviral encephalopathy and
retinopathy (VER)

Department of Agriculture, Water and the Environment
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Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents mswditimans. If

you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or distfisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline

{SS a2YSUiKAy3 @2dz GKAY|l A& GKAA RAA&ASIF&aSK wSLR2NI
Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer youa the right

state or territory agency.

Further reading

Hazeri M, Hassan MD, Abba Y, Omar AR, Allaudin ZN, Soltani M, Hamdan RH, Mohamad NF 2017,
Molecular characterisation of groupeaidovirus isolates from Peninsular Malayslaurnal Veterinar
Malaysia

al 1Y tSy3 /I {dz , X CSy3a W¥peddederrdovirasnnarBiniadd & 2 t I § A
China and comparison of its pathogenicity with that of a Megalocytitype gradzLJS NJ A NRA R 2 @ A NXz3
Aquaculture

Network of Aquaculture Centres in AsRacificGrouper iridoviral disease: Disease card

Department of Agriculture, Water and the Environment
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Infection with HPRdeleted or HPRO infectiousalmon anaema
virus (ISAV)

Also known as infectious salmon anaemia (ISA)

Exotic disease

Figure35 Atlantic salmon §almo salay with ISA

e

W K Uirs /WS

I/
.

.;g ¢
s N

Note: Gross internal signs of ISA include dark liver, ascites and enlarged spleen.
Source: T Poppe

Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may

still be present in the absence of any signs.
Disease signs at the farm, tank or pond level are:
mortality rate up t0100%

fish congregating neahe surface

fish gasping at the surface

lethargy
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loss of appetite.

Grosspathologicakigns are:

pale gills and heart

swollen abdomen

exophthalmos (popeyepleeding eyes

fin rot

ecchymotic (bruisdike) skin haemorrhages

scalepocket oedema

= =2 =4 -4 -4 A -2

swollen and dark liver, kidney and spleen (early sign); liver may be almost black

Department of Agriculture, Water and the Environment
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petechial (pinpoint) haemorrhages in internal fat, peritoneum and skeletal muscle
dark red intestinal wall mucosa

ascites (fluid in the abdominal cavity)

= =24 =4 =2

surfacehaemorrhages on liver.

Microscopic pathological signs are:

1 renal interstitial haemorrhage and tubular necrosis
1 branchial lamellar and filamental congestion

I congestion of the intestine and pyloric caecae

1 perivascular inflammation and focal necrosis inrlive

Disease agent

ISA is caused by infection with the pathogenic highly polymorphic region-(ielfed infectious
salmon anaemia virus (ISAV), or the spathogenic HPRO (nesteleted HPR) ISAV, a single stranded
RNA virus classified within the gerigaviuswithin the familyOrthomyxoviridaelnfection with
HPRdeleted ISAV may cause severe disease in Atlantic saBadmdg salgrc However, Detection of
HPRO ISAV has never been associated with clinical signs of disease in Atlantic salmon.

Host range
The mly species known to display clinical signs of ISA is the Atlantic sehalomo(salgr Several
other fish species have been confirmed to be asymptomatic carriers of the virus.

Table6 Species known to display clinical signs of ISA

Common name Scientific name

Atlantic salmon Salmo salar

Table7 Species known to be asymptomatic carriers or vectors of ISAV

Common name Scientific name

Arctic char Salvelinus alpinus

Atlantic cod Gadus morhua

Atlanticherring Clupea harengus

Brown trout Salmo trutta

Coalfish or pollock Pollachius virens

Coho salmoh Oncorhynchus kisutch

Masu salmo#f Oncorhynchus masou

Rainbow trout Oncorhynchus mykiss

Salmon louse Lepeophtheirus salmonénd Caliguscoryphaenae

a Naturally susceptibleNote:Other species have been shown to be experimentally susceptible

Department of Agriculture, Water and the Environment
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Presence inAustralia
Exotic disease not recorded in Australia.

The distantly related pilchard orthomystikke virus (POMV) has been reportiedm wild caught
pilchards and cultured Atlantic salmon in Tasmania, but infectious salmon anaemia caused by
infection with HPRleleted or HPRO ISAV has not been recorded in Australia and is considered exotic.

Map 5 Presenceof ISAV by jurisdiction

Exotic '
Not recorded in Australia

N

Epidemiology

1 ISA occurs mainly in the northern hemisphere in spring and early winter (water temperatures
from 3°C to abovd 5°C).

1 The disease has caused major epizootics and severely impacted Atlantic salmon aquaculture
production in Norvay, Scotland, Canada and Chile.

1 Mortality rates vary fronl5% t0100%; mortality may occur over a prolonged period, not
necessarily as acute outbreaks.

1 ISAis mainly transmitted horizontally through the water column, but also by vectorfidsea
andpopulations of asymptomatic wild fish carriers).

1 Experimental infection demonstrated mortalities within d&ys of exposure to ISAV.

i Spread of the disease has occurred with the movement of live juvenile salmonids between fish
farms, with the discharge ofrganic waste from fish processing plants into the marine
environment and via water movement.

1  The majority of natural outbreaks seem to occur in salmonid-sosalts.

1 ISA has been the subject of extensive eradication campaigns in several countries. THase ca
successful, but require vigilance to maintain 'free' status.

Department of Agriculture, Water and the Environment
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9 It appears that stressors such as husbandry practices (including treatment against salmon lice or
infectious diseases), rising or falling temperatures, and poor water quality can predispose
salmon to outbreaks of ISA.

Differential diagnosis
The list ofsimilar diseasem the next section refers only to the diseases covered by this field guide.

Gross pathological signs may also be representative ofsksaaot included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases

Bacterial kidney disease (BKD), enteedt mouth disease (ERMD), infection witeromonas
salmonicidaatypical strains, infection with salmonid alphavirus (SAV), infectious haematopoietic
necrosis (IHN), infectious pancreatic necrosis (HPpiscirickettsiosis

Sample collection

Only trainal personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory liree number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency diseaskotline

{SS a2YSUiKAy3 @2dz GKAY|l A& GKAA RAA&ASI&aSK wSL2NI
Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right

state or territory agency.

Microscope images
Figure36 Histopathology of liver of Atlantic salmonSalmo salay with ISA

Note: Multifocal bridging necrosis, leaving viable tissue around smaller veins.
Source: T Poppe.

Department of Agriculture, Water and the Environment
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Figure37 Histopathology of kidney ofAtlantic salmon Galmo salay with ISA
(P2 R y T 3 !

Note: Renal interstitial haemorrhage.
Source: T Poppe

Further reading
Department of Agriculture, Water and the EnvironméipUAVETPLAliseasestrategy manual
Infectious salmon anaemia

World Organisation for Animal Healihanual of diagnostic tests for aguaticiarals

Department of Agriculture, Water and the Environment
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Infection with infectious spleen ad kidney necrosis virus
(ISKN\Wike viruses

Exotic disease

Figure38 Dwarf gourami Colisa lalig infected with an ISKN\ike iridovirus

Note: Pale colouration of diseased fish (top) compared with normal colours of unaffected fish (bottom).
Source: J Go

Figure39 Murray cod Maccullochella peel)ifingerling experimentally ifected with an ISKN\ike
iridovirus

Note: Discolouration around the front of the body (normal colouration evident near the tail) and signs of respiratory
distress at time of death (flared opercula).

Department of Agriculture, Water and the Environment
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Signs of disease
Important: Animals with this diseaseay show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:

1 mortalities between 50% ant00%

9 fish remaining on bottom of tank and not feeding well

1 lethargy

1 respratory distress (rapid movement of opercula).
Grosspathologicakigns are:

1 changes in body colour (darkening or lightening)

1 exophthalmos (popeye)

I abdominal distension (due to fluid or enlargement of organs).
Microscopic pathological signs are:

1 basophilichypertrophied cells throughout numerous body tissues, but especially the
haematopoietic tissues of the kidney and spleen

1 some virus affected cells may resemble amoebae in appearance

Disease agent

ISKNMike viuses areclassified in the genuglegalocytivirus familylridoviridae Viruses of this group
are related toranaviruses and predominantly cause disease in freshwater fish (particularly cichlids,
gouramis and poeciliidsiSKNMike megalocytivirusethat are genettally distinct from red
seabreamiridovirus(listed separately in this guid€éiRSIV) are also being increasingly isolated from
various species of euryhaline and/or estuarine fish, particularly within the orders Perciformes and
Pleuronectiformes.

ISKNMike megalocytiviruses
ISKNWike viruses frontichlids (all fish belonging to the famiBichlidag:

1 Angelfish iridovirus

9  Cichlid iridovirus (includes ram cichlid and chromide cichlid. Although currently uncharacterised,
based on histopathology, cichlid iridiouses are considered to be megalocytiviruses)

Iridovirus inApistogrammaspp.
Iridovirus in oscars

Iridovirus in rainbow krib
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Iridovirus in curviceps.

Department of Agriculture, Water and the Environment
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ISKNWike viruses frongouramis fish of the subfamiliekuciocephalinae and Macropodinae, family
Osphronemidag:

1 Dwarf gourami iridovirus (DGIV)

1 Pearl gourami iridovirus

9 Iridovirus in thickipped gourami, threespot gourami and silver gourami
9 Iridovirus in paradise fish.

ISKNMike viruses fronpoeciliids éll fish belonging to the familoeciliidag:

I  African lampeye iridovirus (all fish belonging to the subfaocheilichthyinagfamily
Poeciliidag

I  Swordtail iridovirus (based on histopathology, swordtail iridovirus and other iridoviruses
identified in the familyPoeciliidaeare considered to be medpcytiviruses)

9 Iridovirus in mollies and platys

9 Iridovirus in guppies.

ISKNWike viruses from euryhaline or estuarine fish:

9 Iridovirus in Chinese mandarin fish

9 Iridovirus in tiger grouper hybrids

1 Flatfish infected with turbot reddish body iridovirus (TRB

9 Iridovirus in barramundi with scale drop disease syndrome.

Host range

Table8 Species known to be susceptible to ISKhké viruses
Common name Scientific name
African lampeye killifish Aplocheilichthys normani
Amberjack Seriola dumerili
Angelfisi Pterophyllum scalare
Banggai cardinalfigh Pterapogon kauderni
Barramundt Lates calcarifer
Blue tilapia Oreochromis aureus
Chinese perch or mandarin fish Siniperca chuatsi
Curvicepsd Laetacaracurviceps
Dwarf cichlid3 Apistogrammaspp.
Dwarf gouran Trichogaster lalius
Flounders Paralichthyidagall species
Giant grouper Epinephelus lanceolatus
Golden perch Macquaria ambigua
Grass carp Ctenopharyngodon idell
Grouper anckestuary cod Epinepheluspp.

Department of Agriculture, Water and the Environment
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Common name

Scientific name

Guppy
Japanese parrotfish

Japanese yellowtdil
Largemouth bass
Large yellow croaker
Macquarie perch
Malabar groupet
Mango tilapia

Marble goby

Molly2

Murray cod

Nile tilapia&
Orangechromide
Orange spotted groupeér
Orbiculate batfish
Oscat

Paradise fish

Pearl gourangi
Rainbow krib

Ram cichlidl

Red drum

Redbelly tilapia

Red sea breafn

Sailfin mollie3

Sea bass

Sea mullet

Silver gourandi
Snapper

Southern platyfish or red wagtail pldty
Southern pygmy perch
Spangled emperor
Striped beakfish
Swordtail or green swordtail
Thicklipped gourar
Threespot gourar
Tiger grouper hybritd
Tilapias

Tilapia hybrids

Poecilia reticulata
Oplegnathus fasciatus
Seriola quinqueradiata
Micropterus salmoides
Larimichthysrocea
Macquaria australasica
Epinephelus malabaricus
Sarotherodon galilaeus
Oxyeleotris marmorat
Poecilia sphenops
Maccullochella peelii
Oreochromis niloticus
Etroplus maculatus
Epinephelus coioides
Platax orbicularis
Astronotus ocellatus
Macropodus opercularis
Trichogaster leerii
Pelvicachromis pulcher
Mikrogeophagus ramirezi
Sciaenops ocellatus
Coptodorilli

Pagrus major

Poecilia latipinna
Plectranthias yamakawai
Mugil cephalus
Trichogaster microlepis
Pagrus auratus
Xiphophorus maculatus
Nannoperca australis
Lethrinus nebulosus
Oplegnathus fasciatus
Xiphophorus helleri
Colisa labiosa
Trichogaster trichopterus
Epinephelus fuscoguttatusE.lanceolatus
Cichlidaevarious genera and species

Oreochromis niloticus O.aureus

Department of Agriculture, Water and the Environment
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Common name Scientific name
Turbo® Scophthalmus maximus
Zebrafish Danio rerio

aNaturally susceptibleNote:Other species have been shown to be experimentally susceptibtae native Australian fish
speciesincluded (such as Murray colllaccullochella peeliiareknown to be highly susceptible to ISKiké viruses

Presence inAustralia
Exotic disease not recorded in Australia.

ISKNMike viruses have not been recorded from wild fish in Austrekiavever, these viruses are
regularly detected in ornamental fish in quarantine at the international border, and in retail pet
shops.

Map 6 Presenceof ISKNMike viruses by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

1 ISKNWike viruses are prone timactivation by desiccation or heat at temperatures ab6@eC,
but are stable in water a4°C for extended periods.

1 ISKNWMike viruses have been found to cause disease in a wide variety of species (may lack strict
host specificity).

9 Horizontal transmissiovia cohabitation, water, ingestion of excreta or cannibalism is likely
(based on experimental transmission studies).

1 There is evidence that some species may be-teng asymptomatic carriers of ISKNke
viruses and that prevalee ininfected populatbns may be high.

Differential diagnosis

The list ofsimilar diseasei the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases lnoteithan this guide. Do not rely

on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Department of Agriculture, Water and the Environment
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Similar diseases
Epizootic haematopoietic hecrosis (EHN), groupeéoviral disease@ndred sea bream iridoviral
disease (RSIVD)

Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agseta pisk to humans. If

you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Localdistrict fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
{SS a2YSUiKAyYy3 @2dz GKAY|l A& GKAA RAA&ASI&aSK wSL2NI

Call the Emergency Animal Disease Watch Hotline8®0 675 888They will redr you to the right
state or territory agency.

Further reading
Biosecurity Australia 2014#mportation of freshwater ornamental fish: review of biosecurity risks
associated with gourami iridovirus and related virasesovisional final import risk analygisport
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Infection with salmonid alphavirus (SAV)
Also known as infection with Baon pancreas disease virus (SPDV), salmon pancreas disease

(SPD), pancreas disease (PD) and sleelisegse (SD)
Exotic disease

Figure40 Atlantic salmon Salmo salay chronically infected withSAV

Note: Very thincarrier fish in poor condition a few months after infection.
Source: T Poppe

Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may

still be present in the absence of any signs.
Disease signs #te farm, tank or pond level are:
1 Lack of appetite week or two before a disease outbreak

1 clinically diseased fish may swim against the current close to the surface or corners of the cage,
or be found resting at the bottom of the tank or cage (sleeping)

1 one to several months after the onset of mortality, a portion of the survivors usually fail to grow
and become thin and slendémunts).

Grosspathologicakigns are:
1 yellow mucoid gut contents
1 petechiae in pyloric fat, pale hearts and/or haemopericardiwnme tb heart rupture

1 scale pocket oedema

Department of Agriculture, Water and the Environment
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1 exophthalmos

1 ascites

1 atrophyof red skeletal muscle in chronic cases.

Microscopic pathological signs are:

1 the development ohecrosis of exocrine pancreas shortly before cardiomyocytic necrosis

I severe or total lossfaexocrine pancreas, myocarditis and skeletal muscle necrosis, degeneration
and myositis

I damage, primarily of the pancreas, asevere cardiac and skeletal myopathies

Disease agent

SPDOs caused by infection with salmonid alphavirus (SAV), a member &rfily Togaviridadén the
genusAlphavirus Various genetic subtypes of the virus have been dete@edfirst emerged in
Scotlandandsubsequently recognised in France, Ireland, England, Norway, Germany, Italy and Spain.

Host range

Clinical signs afalmon pancreas diseabave been reported in Atlantic salmon, sesared rainbow
trout, brown trout and Arctic chaivild fish guch adlatfish and wrasses) can be subclinically
infected and may act as potential vectors or reservoirs of infection.

Table9 Species known to be susceptible 8AV

Common name Scientific name

American plaic® Hippoglossoides platessoides
Arctic chaf Salvelinus alpinus

Atlantic salmoa Salmo salar

Brown trout Salmo trutta

Dal? Limanda limanda

Plaicé Pleuronectes platessa
Rainbow trout Oncorhynchus mykiss
Wrassé Labrus bergylta

aNaturally susceptibleNote:Other species have been shown to be experimentally susceptible

Department of Agriculture, Water and the Environment
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Presence inAustralia
Exotic disease not recorded in Australia.

Map 7 Presenceof SAV, by jurisdiction

& Exotic N
X Not recorded in Australia
ﬂ\ \ ‘: ) :
i

Epidemiology

1 SAV ishorizontally tansmitted, via water and water currents, transport of infected fish,
contaminated equipment, well boats and other vehicles. The virus can survive for extended
periods in seawater.

9  Vertical transmission is considered unlikely but has not been ruled out.

1  Water temperature may affect the duration arevelof mortality.

I Subtypes 1, 2, 3, 4, 5 and 6 may have different uiiedandifferent hosts.

1 All marine life stages of Atlantic salmon are susceptible to disease, from smolts to adult fish.
Different strainsof Atlantic salmon may have different susceptibility to SAV.

1 Farmed rainbow trout in fresh water and salt water are susceptible to disease at all stages of
production.

1 Mortality varies significantly, from negligible to o\#3% in severe cases. Uplt6% d surviving
fish will develop into long, slender fish (runts).

1 Management and environmental factors that induce strigsfish probablyincreasemortality
significantly.

1 Natural reservoirs of SAV may include wild fish. SAV has been detected in somatfigld fl

species in Scotland amd wrasses used for sealice management in Ireland.

Department of Agriculture, Water and the Environment
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Differential diagnosis
The list osimilar diseasei the next section refers only to the diseases covered by this field guide.

Grosspathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Smilar diseases
Infection with HPRleleted or HPRO infectious salmon anaemia vamdinfectious pancreatic

necrosis (IPN)

Sample collection
Only trained personnel should collect samples. Using only gross pathological signs to differentiate

between diseass is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking yourikatiwise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
{SS a2YSUGUKAYy3 @&2dz KAY]l A& GKAAa RAASIFASK wSL}2NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or territory agency.

Further reading
World Organisation for Animal Healihanual of diagnostic tests for aguaticiarals

Department of Agriculture, Water and the Environment
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Infectious haematopoietic necrosis (IHN)
Also known as infection with infectious haematopoietic necrosis ViHiN\()

Exotic disease

Figure41 Chinook salmon fry@ncorhynchus tshawytschavith IHN

Note: Characteristic darkening from the tail region, swollen abdomen and haemorrhaging at base of the fins.
Source: J Fryer

Figure42 Rainbow trout fry ©Oncorhynchus mykigsvith and without IHN

Note: Infected fish (left) shows darker colouriagd exopthalmiacompared to the uninfected fish (right)
Source: G Kurath

Department of Agriculture, Water and the Environment
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Signs of disease
Important: Animals with thiglisease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:
I mass mortality

1 lethargic swimming with intermittent bouts of frenzied, abnormal activityr@@wimming and
flashing).

Grosgpathologicakigns are:

numerous yolk sac haemorrhages in the fry of rainbow trout and salmon
darkening of the skin and pale gills

haemorrhages on the abdomen and around the pupil of the eye
exophthalmos (popeye) and a siiem abdomen

trailing white faecal cast

bleeding at the base of the fins

stomach empty of food but distended with a gelatinous substance

pale internal organs
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petechial (pinpoint) haemorrhages in the fatty tissue and muscle surrounding the organs and
stomach wall

1 spinal deformities in surviving fish.
Microscopic pathological signs are:
1 necrosis of eosinophilic granular cells in the intestinal wall

I degenerative necrosis in haematopoietic tissues

Disease agent

IHNis caused by infection with salmoriitbvirhabdovirusalso known as infectious haematopoietic
necrosis viruglHNV) This virus ian enveloped singlstranded, negativesense RNA virus classified
within the familyNovirhabdoviridagandis closely related to other important fish rhabdoviruses such
as viral haemorrhagic septicaemia virus (VHSV) and spring viraemia of carp virgs NBN&C\lar
analysis suggests that IHNV was originally endemic to the Pacific coast of North America, and was
spread to Europe and Asia through translocations of salmonid eggs or fry.
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Host range

Table10 Species known to be susceapte to IHN

Common name

Scientific name

Amago salmoh
Arctic char
Atlantic cod
Atlantic salmoa
Ayu

Brook trout
Brown trou®
Burbot
Chinooksalmort
Chumsalmort
Cohosalmort
Cutthroat trou®
Gilthead sea bream
Grayling

Lake trout
Masusalmort
Pacific herring
Pacificsalmor?
Pike

Pile perch
Pinksalmort
Rainbow trouta
Shinerperch
Sockeyesalmor?
Tubesnout
Turbot
Whitespotted char

White sturgeon

Oncorhynchus rhodurus
Salvelinus alpinus
Gadus morhua

Salmo salar
Plecoglossus altivelis
Salvelinus fontinalis
Salmoatrutta

Lota lota

Oncorhynchus tshawytscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus clarkii
Sparus aurata
Thymallus thymallus
Salvelinus namaycush
Oncorhynchus masou
Clupea pallasii
Oncorhynchuspp.

Esox lucius
Rhacochilugacca
Oncorhynchus gorbuscha
Oncorhynchus mykiss
Cymatogaster aggregata
Oncorhynchus nerka
Aulorhynchus flavidus
Scophthalmus maximus
Salvelinus leucomaenis

Acipenser transmontanus

a Naturally susceptibleNote:Other species have been shown to be experimentally susceptible

Tablel1 Non-fish carriers

Common hame

Scientific name

Gill lice
Leeches
Mayfly

Piscivorous birds

Salmncolaspp.
Piscicolapp.
Callibaetisspp.

Various genera anspecies
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Presence inAustralia
Exotic disease not recorded in Australia.

Map 8 Presenceof IHN, by jurisdiction

Exotic '
Not recorded in Australia

N

Epidemiology

1 IHN is a coldvater disease. Clinical signs typically occur at temperatures bet&¥erandl5°C.
Outbreaks rarely occur once water temperatures reach more tt&C.

1 IHN s typically found in young, farmed trout and salmon fry or fingerlings, and in adults during
or just following spawning.

1 Mass mortalities of up t80% can occur ihatcheries, typically with00% of the population
infected.

1  Mortality also occurs in wild populations of Pacific salmon infected with IHNV. Survivors can be
the source of infection of farmed stock.

1  Susceptibility to infection varies between individualshed same species and appears to be
largely age dependent, with younger individuals being more susceptible.

I Fish that survive IHN are potential carriers of the virus for a period that depends on
environmental conditions (such as temperature).

I The virus iskeed into the water from infected fish through faeces, urine, spawning fluids and
external mucous.

I  Transmission is generally horizontal, with the virus entering fish through the gills and skin. Some
blood-sucking parasites such as gill li8alncolaspp) and leeches may serve as vectors.

9 Virus can be transferred to new areas via the movement of infected fish or eggs, and by other
sources such as contaminated equipment, water, birds or insects such as mayflies.

1 Outbreaks are most likely to occur arouneettime of spawning, with increased levels of virus
released into the environment with spawning fluids.
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9 Itis believed that the spread of IHNV from the west coast of North America to Asia and Europe
has been principally via the shipment of infected fish agds, suggesting some degree of
vertical transmission. The risk of such @ggociated transmission is significantly reduced by the
common practice of egg surface disinfection, but is not eliminated.

Differential diagnosis

The list ofsimilar diseasei the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitigiagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases

Enteric red mouth disease, epizootic haematopoietic necrosis (EHN), furunculosis, infectious
pancreatic necrosis (IPN)faation with HPRleleted or HPRO infectious salmon anaemia virus, viral
haemorrhagic septicaemia (VHB8)dwhirling disease

Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseaes is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking yowilkatlvise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline

{SS a2YSUGUKAYy3 @&2dz KAY]l A& GKAAa RA&ASIFASK wSL}2NI
Call the EmergencAnimal Disease Watch Hotline 8800 675 888They will refer you to the right

state or territory agency.

Further reading
CEFAS International Database on Aquatic Animal Disk#sesous Haematopoietic Necrasi

World Organisation for Animal Heallihanual of diagnostic tests for aguaticiarals
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Infectious pancreatic necrosis (IPN)
Also known as infection with infectious pancreatic necrosis virus (IPNV)

Exotic disease

Figure43IPNin rainbow trout (Oncorhynchus myki3s

Note: Abdominal distension and darkened boctylour.
Source: T Hastein

Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Signs of disease describark representative of IPN in salmonids
Diseae signs at the farm, tank or pond level are:

1 sudden and progressive increase in mortality at first feeding of fry, particularly in faster growing
individuals

1 cumulative mortality rates from0% to90%

1 low persistent mortality

1 fish lying still on the bottm of tanks or ponds

1 fish swimming with a spiralling, corkscrew motion.

Grosspathologicakigns are:

1 long, thin, whitish trailing faecal casts

1 swollen abdomen

i1 darkening body colour

1 typically palggills

1 exophthalmos (popeye)
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Microscopic pathological signs are:

intestines empty or filled with clear mucus.

lesions and ulcers in pancreagsophagus and stomach
haemorrhages sometimes present in ventral areas, including the ventral fins

abnormally pale spleen, kidney, liver and heart of fry

1 extensive and/or sexre necrosis of acinar pancreatic cells

9 focal or generalised necrosis of liver

1  sloughing of intestinal mucosa with characteristic McKnight cells in the lumen (eosinophilic and

hyaline epithelial cells

Disease agent

IPNis caused by infection with infectious pancreatic necrosis virus (IPNV), a double stranded RNA

virus classified within the gendsyuabirnavirugfamily Birnaviridag. Several genogroups have been
identified and are described by their different hosts amgraphical origins. The most frequently
found and highly virulent straiof IPNMs the Spserotype ingenogroup5.

Host range

A wide range of marine and freshwater fish species are susceptible to TR&l®isease agent can be
spread naturally by mechagdl vectors such as piscivorous bi(aludingpassage through the bird
digestive system blood feeding parasites and filter feeding mollugash as common European

scallopPecten maximys

Table12 Fish species likely to be gerely affected by IPN

Common name

Scientific name

American eél
Atlantic cod
Atlantic halibut
Atlantic salmos
Brook troug
Brown trou®
Coho salmon
Eelg
European eel
Japanese eel
Pacific salmon
Rainbow trout
Shortfin eel
Turbot

Wrasses

Anguilla rostrata

Gadus morhua
Hippoglossus hippoglossus
Salmo salar

Salvelinus fontinalis
Salmo trutta
Oncorhynchus kisutch
Anguillidae all species
Anguilla anguilla
Anguilla japonica
Oncorhynchuspp.
Oncorhynchus mykiss
Anguilla australis
Scophthalmus maximus

Labridag all species

aNaturally susceptibleNote:Other speciedikely to be susceptible drave been shown to be experimentally susceptible
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Table1l3 Non-fish carriers

Common name Scientific name

Common European scallop Pecten maximus

European flat oyster Ostrea edulis

Fish louse Argulus foliaceus

Molluscs Various genera and species

Piscivorous birds Various genera and species

Salmon louse Lepeophtheirus salmonénd Caliguscoryphaenae

Presence inAustralia
Exotic disease not recorded in Australia.

Other aquabirnaviruseslistinct from IPNV, are present in Australia and New Zealand.
I Tasmanian aquabirnaviruis farmed Atlantic salmon and rainbow trout

9  Victorian troutaquabirnavirusn farmed rainbow trout

1 New Zealand birnavirus diseased turbot and asymptomatic saa chinook salmon

Map 9 Presenceof IHN, by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

1 IPNV is highly contagious and fish that survive infeai@presumed to become carriers.
Asymptomatic carrier fish represent a risk for introduction of disease to healthy stocks.

9 Viral transmission can occur horizontally (the virus enters fish through the gills or
gastrointestinal tract) and vertically (tran#tted via eggs of infected carrier broodfish).

1 IPNVis shed in faeces, urine, spawning fluids and external mucus. Spawning favours the

transmission of IPN virus with increased levels of virus excreted in spawning fluids.
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I Outbreaks of disease are most likeéb occur when fish are stressed. Factors raising
physiological stress levels include first feeding, high stocking densities, fluctuations in water
temperature and salinity and management practices requiring handling of fish. Outbreaks are
known to occuiat water temperatures as low & C and as high 48°C.

1 The disease can cause high mortalities (70%) in young trout, with cumulative mortaliti@¥of
to 90%.

1  The highest mortality rates usually occur in freshwater hatcheries in fry less tmamths of
age. However, IPN is known to affect rainbow trout and {sosolt Atlantic salmon after
transfer from freshwater to seawater.

1 IPNV can survive in both freshwater and saltwater environments. It is quite stable and resists
destruction by disinfection, enahbl it to persist in a range of environmental conditions on
equipment such as nets and containers.

I Virus may be spread and healthy stocks exposed via contaminated transport water, infected
eggs and blood feeding parasites. Piscivorous birds and mollesessarknown vectors of IPNV.

Differential diagnosis

The list ofsimilar diseasei the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a todptadeetify the listed diseases

that most closely account for the observed signs

Similar diseases
Infection with HPRleleted or HPRO infectious salmon anaemia virus, infection with salmonid
alphavirus (SAV), infectious haematopoietic necrosis (@iblyiral haemorrhagic septicaemia (VHS)

Sample collection
Only trained personnel should collect samples. Using only gross pathological signs to differentiate

between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or virtay authorities may also advise on
sampling.

Emergency disease hotline
{SS a2YSGKAYy3 &2dz GKAY]l A& (GKA& RAA&ASHASK wSLR NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state orterritory agency.

Further reading
CABI Invasive Species Compendinfactious Pancreatic Necrosis

CEFAS International Database on Aquatic Animal Disgdsesous Pancreatic Necrssi
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Koi herpesvirus disease (KHVD)
Also known as carp interstitial nephritis, gill necrosis virus, infection with
koi herpesvirugKHV) and infection witbyprinid herpesviru8 (CyHv3)

Exotic disease

Figure44 Koi carp Cyprinus carpipwith gross lesions associated with KHVD

Note: Operculum is removed showing mottled red (haemorrhage) and white (necrosis) gill, sunken eyesrayiel alcer
on the ventral skin.
Source: E Johnson

Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may

still be present in the absence of any signs.

Disease signs at the farm, tank or pond lewvet

1
1
1
1

mass mortalities, with many dead and moribund fish floating at the surface
disorientation and erratic swimming behaviour (sometimes hyperactivity)
fish coming to the surface and gasping

fish separated from the shoal.

Grosspathologicakigns are:
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pale patches on the skin

overproduction or underproduction of mucous on the skin and gills

superficial branchial (gill) and skin haemorrhages

endophthalmia (sunken eyes), erosion of the fins (occasionally), and blistering of the skin
severe gill necrosis anal erosion, seen as red and white patches

focal or generalised loss of skin

Department of Agriculture, Water and the Environment
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I adhesions in the abdominal cavity and abnormal colouration of internal organs (lighter or darker
or mottled)

1 enlargement and surface haemorrhages of the kidney and liver.
Microscopc pathological signs are:
1 inflammation and necrosis of gill tissues, and adhesion of gill filaments

1 nuclear swelling, margination of chromatin and pale eosinophilic intranuclear inclusions of the
epithelium

1 non-specificinflammation and necrosis in other organs

Disease agent
KHVDOs caused by infection with koi herpesvirus (KHV), also known as cyprinid herp8svirus
(CyHv3), a virus classified as a member of the fakiiibherpesviridasvithin the genusCyprinivirus

Host range

Naturally occurring KHV infections have only been recorded from commonCgppirfus carpijoand
varieties of this speciesijch akoi cap). Goldfish x common carp hybrids, produced by hybridising
male goldfish with female carp, have been reported to show some susceptibility to KHV infection.

Several fish species have been described as asymptomatic carrier spéesshow no clinical
signs of KHVD after natural or experimental exposure to KH\Gamgviral DNAallowing them to
potentially act as vectors of the diseaséral DNA has beealso been detected in two nefish
species, amphipod€$s@ammarus puléxand swan musselgfodontacygneg, making them potential
vectors.

Table14 Species known to be naturally susceptible to KHVD

Common name Scientific name

Common carp and koi carp Cyprinus carpio

Tablel5 Potential carriers

Common name Scientific name

Atlantic sturgeon Acipenser oxyrinchus
Common roach Rutilus rutilus

Crucian carp Carassius carassius
Eurasian ruffe Gymnocephalus cernua
Goldfish or shubunkin Carassius auratus

Grass carp Ctenopharyngodon idella
Ide Leuciscus idus

Redfin or European perch Perca fluviatilis

Russian sturgeon Acipenser gueldenstaedtii
Silver carp Hypophthalmichthys molitrix
Tench Tinca tinca

Department of Agriculture, Water and the Environment
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Tablel16 Non-fish carriers

Common name Scientific name
Amphipods Gammarus pulex
Swan mussels Anodonta cygnea

Presence inAustralia
Exotic disease not recorded in Australia.

KHV has not been recorded from Australia, and is considered exotic. The potential use of KHV as a
biological control fointroduced populations of European carp is being investigated.

Map 10 Presenceof KHV, by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

1  An outbreak of KHVD in Japan during the sprir@06# occurred in wild carp populations in
water temperatures of 150 16°C. Most of the dead fish were adult. In the field, it appears that
adult carp are more susceptible than juveniles.

1  The virus may suive at low temperatures (&), but the temperature range for disease
outbreaks is primarily betweeb6°C and®5°C. Mortalities commonly appear betwe2a°C
and25°C, with few at temperatures abo@®°C.

1 The disease affects all age classes of common ar@akmi occurring in fingerlings, juveniles and
adults.

1  Moving infected fish from cool (13°C) to warm (23°C) water results in rapid onset of mortality.
1 Mortality rates can vary between0% andL00%.

1 Reservoirs of KHV are clinically infected fish and caagrters. Virus is shed via faeces, urine,
gills and skin mucus.

I  Transmission of KHV is harizontal, mainly via water, but possibly via animal vectors and fomites.

9 Vertical transmission cannot be excluded as a possible transmission route.
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I  Secondary gill iefctions (includindg-lavobacterium columnar@d Aeromonasspp.) are often
associated with KHV infection.

Differential diagnosis

The list ofsimilar diseasei the next section refers only to the diseases coverethis/field guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account fahe observed signs

Similar diseases
Infection withAeromonas salmonicidaatypical strains, infection witAphanomyces invadarfgEUS)
andspring viraemia of carp (SVC)

Sample collection

Only trained personnel should collect samples. Using only grobsipgical signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have tollect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
See something you think is this disease? Repdit® 9 @Sy AT @2 dzQNB y2{ & dz2NB®

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or territory agency.

Further reading
CABI Invasive Species Compendionherpesvirus disease

CEFAS International Database on Aquatic Animal Disgagesrpesviruglisease

World Organisation for Animal Healianual of diagnostic tests for aquaticiarals
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Red sea bream iridoviral disease (RSIVD)
Also known as infection with red sea bream iridovirus (RSIV)

Exotic disease

Figure45 Red sea breamRagrus majoy from SouthKorea infected with RSIV

Note: Svollen abdomen due to enlargement of internal organs and fluid accumula®onajorisa close relative of the
Australian snapper
Source: S | Park

Signs of disease
Important: Animals with this disease may show onenmre of these signs, but the pathogen may

still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:

1 low to high mortality

1 lethargic swimming

i1 obvious opercular movement (increaseespiratory effort).
Grosgpathologicasigns are:

1 dark skin (change in skin colour is a significant gross sign)
1 petechial (pinpoint) haemorrhage of the gills

1 pale gills and enlarged spleen.

Microscopic pathological signs are:

1 enlarged cells, deeply giemsa positive, in the spleen, heart, kjdiver and gills of infected fish,
which are characteristic of this disease

1 small dark spots withifresh wet mounts of gill lamellae (melamoacrophage centres)

Disease agent
RSIVDs caused by infection with red sea bream iridovirus (RSIV), frometieslylegalocytivirus

within the familylridoviridae

Department of Agriculture, Water and the Environment
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Host range

Tablel7 Species known to be naturally susceptible to RSIV

Common name

Scientific name

Amberjack

Barramundi

Black rockfish

Black sea bream or black porgy
Brown marbled grouper
Chicken grunt

Chinese emperor

Chinese perch or mandarin fish
Chub mackerel

Cobia

Coral trout

Crescent sweetlips

Crimson seabream

Large yellowcroaker

Devil stinger

Estuary cod

Giantgrouper

Girella or rudderfish
Japanese flounder
Japanese horse mackerel
Japanese parrotfish
Japanese seabass
Japanese spanish mackerel
Japanese yellowtalil
Largemouth bass
Longtooth grouper

Malabar grouper

Northern bluefin tuna
Orangespotted grouper

Red sea bream

Redspotted grouper or Hong Kong grouper

Samson fish
Seabass
Sevenband grouper
Silver trevally

Sixbar grouper

Serioladumerili
Latescalcarifer
Sebasteschlegeli
Acanthopagruschlegeli
Epinepheluguscoguttatus
Parapristipomarilineatum
Lethrinushaematopterus
Sinipercachuati
Scombejaponicus
Rachycentroranadum
Plectropomudeopardus
Plectorhinchusinctus
Evynnigaponica
Larimichthysrocea
Inimicusjaponicus
Epinephelusauvina
Epinephelusanceolatus
Girellapunctata
Paralichthyslivaceus
Trachurugaponicus
Oplegnathudgasciatus
Lateolabra)aponicus
Scomberomorusiphonius
Seriolaquinqueradiata
Micropterussalmoides
Epinepheludruneus
Epinephelusnalabaricus
Thunnughynnus
Epinephelusoioides
Pagrusmajor
Epinepheluskaara
Seriolahippos
Lateolabraxspp.
Hyporthodusseptemfasciatus
Pseudocarangentex

Epinephelusexfasciatus
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Common name Scientific name
Snapper Chrysophrysuratus
Snubnose dart Trachinotusblochii
Spangled emperor Lethrinusnebulosus
Spottedcoralgrouper Plectropomusnaculatus
Spotted halibut Veraspewariegatus
Spotted knifejaw Oplegnathugpunctatus
Tiger grouper hybrid Epinepheluguscoguttatusx E.lanceolatus
Tiger puffer Takifugurubripes
Yellow grouper Epinepheluswoara
Yellowback seabream Evynnigumifrons
Yellowfin seabream Acanthopagrudatus
Yellowtail kingfish Seriolalalandi

Presence inAustralia
Exotic disease not recorded in Australia.

Map 11 Presenceof RSIV, by jurisdiction
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Exotic '
Not recorded in Australia

Epidemiology
I RSIVD is highly contagious.
1 Juveniles are more susceptible to disease than adults.

1 Mortality is highly variable (0% 100%) and can depend on water temperature, with higher
mortalities occurring at higher water temperatures.

 Transmission isdrizontal, via the water column from other infected fish. Vertical transmission
has yet to be confirmed.
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9 Outbreaks of disease occur at water temperatures greater 2@fC, with viral multiplication
increasing with water temperatures up to at least 28°C.

9  The virus is stable within tissue ¢80°C, and can be inactivated by ether, chloroform and
formalin.

Differential diagnosis

The list ofsimilar diseasem the next section refers only to the diseases covered byfidli guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for éhobserved signs

Similar diseases
Epizootic haematopoietic necrosis (EHN), grouper iridoviral disease, infection with infectious spleen
and kidney necrosis virus (ISKNik& virusesand Tilapia lake virus (TiLV) disease

Sample collection

Onlytrained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or termtdnotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency diease hotline

{SS a2YSGUKAYy3 @&2dz KAY]l A& GKAAa RA&ASIFASK wSL}2NI
Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right

state or territory agency.

Microscope images
Figure46 Giemsa positive staining of enlarged cells within tissue section of spleen of fish with
RSIVD

Note: Enlarged cells are characteristic of the disease.
SourceK Nakajima
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Further reading
CABI Invasive Species Compendial Sea Bream Iridoviral Disease

CEFAS International Database on Aquatic Animal DisBasi&ea Bream Iridoviral Diseas

World Organisation for Animal Healiifhanual of diagnostic tests for aguaticiarals

Department of Agriculture, Water and the Environment
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Spring waemia of carp (SVC)

Also known as infection with spring viraemia of carp virus (SVCV)

Exotic disease

Figure47 SVC in common carCyprinus carpip

Note: Characteristic haemorrhagic skin, swollen stomachexaphthalmos (popeye).
Source: H J Schlotfeldt

Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:

I mortality rates of30 to 100%

1 lethargy

I separation from shoal

1 lethargic swimming

1 accumulation of fish at the water inlet and sides of the pond.
Grosgpathologicakigns are:

exophthalmos (popeye)

swollen abdomen and a protruding vent

possibly drailing white or yellowish faecal cast

petechial (pinpoint) haemorrhages of skin, gills and eyes
haemorrhages on skin and base of fins and around the vent
darker body colour, with pale gills

diffuse swelling and haemorrhage of internal organs and deg¢ioeraf gill lamellae

ascites (fluid in abdominal cavity)

= =4 4 a4 -4 a4 -4 -5 -

intestines containing mucous instead of food.
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Microscopic pathological signs are:

1 liver hyperaemia and oedematous perivasculitis

9 pericarditis and infiltration of the myocardium

1 hyaline degeneratioand vacuolation of the renal tubules, which are clogged with casts

1 inflammatory and hyperaemic changes in all major organs

Disease agent
SVQs caused by infection with spring viraemia of carp virus (SVCV), a rhabdovirus classified within

the genusSprivivirusSVC\s closely related to infectious haematopoietic necrosis virus (IHNV) and
viral haemorrhagic septicaemia virus (VHSV).

Host range
SVC\infects a range of fish species and has been detected infecting amphibians (newts) imported
from Asia into the USA, as well as on severaHiincarriers.

Table18 Species known to be susceptible 8v/CV

Common name Scientific name

Breant Abramis brama

Bighead carp Hypophthalmichthysobilis
Common carp and koi carp Cyprinus carpi¢species most susceptible)
Common roach Rutilus rutilus

Crucian carp Carassius carassius
Goldfish Carassius auratus
Grasgarp? Ctenopharyngodon idella
Guppy Poecilia reticulata

Ide or orfe Leuciscus idus

Largemouth bass Micropterus salmoides

Piket Esox lucius

Pumpkinseed Lepomis gibbosus

Rainbow trout Oncorhynchus mykiss
Silver carp Hypophthalmichthys molitrix
Tench Tinca tinca

Wels catfish or sheatfigh Silurus glanis

Zebrafish Danio rerio

a Naturally susceptibleNote: Gher species have been shown to be experimentally susceptible

Table19 Non-fish carriers

Common name Scientific name
Chinese firdelly newt Cynops orientalis
Salamanders, newts and sirens OrderCaudata
Fish louse Argulus foliaceus
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Common name Scientific name

Grey heron Ardea cinerea

Leeches Piscicolapp.

Piscivorous birds Various genera and species

Presence inAustralia
Exotic disease not recorded in Australia.

Map 12 Presenceof SVCV, by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology
I SVC is very contagious among common carp.
9 Clinical disease imked closely to environmental disturbances.

1 Mortality rate is usually less that0% but can range fro% t0100%, with younger fish less
than 1 year old more susceptible.

9  Fry are susceptible to disease at temperatures up38C. However some SVCV sisdrom Asia
replicate invitro at up t028°C and can cause disease at water temperatures 261G.

i Disease may also occur in older fish (greater thgadr), usually when water temperatures are
between11°C and.7°C (associated with the stress of amatmally cold spring in Europe, and
possibly due to cold temperatures weakening the fish's immune system during the spring).

I Fish that survive SVC are presumed to carry the virus.

1 Outbreaks are most likely to occur with increased stress levels, suchuaslatee time of
spawning, and coincide with increased levels of virus excreted with spawning fluids.

I  Transmission of the virus to uninfected fish is horizontal, and the virus enters fish through the

gills and skin.
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1  The virus enters the water in faeces,ngiand spawning fluids. Transport of live infected fish,
contaminated water and contaminated eggs of infected fish (suggestive of vertical transmission)
contributes to disease spread.

T The virus also infects and causes disease in some salamanders.

I Bloodsuding parasites such as fish louse and leeches can transmit the virus from fish to fish.
Piscivorous birds can also spread the disease.

1 Stressors (such as overcrowding) can trigger an outbreak in apparently healthy populations.

1 The virus can remain viableitside the host for &veeks in river water at0°C or more than
6 weeks in pond mud at°C.

Differential diagnosis

The list ofsimilar diseaseih the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a todptadeetify the listed diseases

that most closely account for the observed signs

Similar diseases
Enteric redmouth disease (ERMB)teric septicaemia of catfislimfection withAeromonas
salmonicida atypical strain@ndkoi herpesvirus disease (KHV)

Sanple collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phoneyr state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline

{SS a2YSUGUKAYy3 @&2dz KAY] A& (GKAA RA&ASIFASK wSL}2NI
Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right

state or territory agency.

Further reading
CEFA International Database on Aquatic Animal Dise&sesg Viraemia dfarp

World Organisation for Animal Heallihanual of diagnostic tests for aguaticiarals
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Tilapialakevirus (TiLV@isease
Also known as syncytial hepatitis of tilapia (SHT)

Exotic disease

Figure48 Nile tilapia Oreochromis niloticuginfected with TiLV

Note: Haemorrhagic skin lesion on flank.
Source: Worldfish

Figure49TiLV disease in Nile tilapi@(eochromisniloticus) fingerlings

scale
protrusion

scale
protrusion

Note: Naturally infected fish exhikhilhg discolouration and scale protrusion.
Source: HT Dong.
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Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signat the farm, tank or pond level are:

1

1
1

sudden unexpected increase in mortalities (greater than 2% per day) over several days during
the summer months

cumulative mortality up t®0% within Imonth of stocking fingerlings into freshwater or
brackish water pods

high mortalities in Xo 50g fish, lower mortalities (approximately 10%) in medium or large fish

lethargy, loss of appetite, an@spiratory distress (breathing at surface).

Grosgpathologicakigns are:

= =24 =4 -4 -

changes in body colour (darkeninglightening)

skin erosion resulting in haemorrhagic dermal lesions

scale protrusion

exophthalmos (popeye) and opacity of the eye lens (cataract)

abdominal distensioifdue to fluid or enlargement of spleen and other organs).

Microscopic pathological signsear

1

1
1

lesions in the brain including oedema, focal haemorrhages in the leptomeninges, and capillary
congestion in both the white and grey matter and neural degeneration

congestion of internal organs (liver, kidney, spleen, brain, gills) with fgtiosis and
perivascular cuffing of lymphocytes in the brain cortex, and melanomacrophage proliferation in
liver and spleen

formation of syncytia in the epithelium of hepatocytes (syncytial hepatitis of the liver)

ocular inflammatiorincluding endophthalniis and cataractous changes of the lens

Disease agent

Tilapialake virus diseas@r syncytial hepatitis of tilapiéSHT)is caused by infection with tilapia lake
virus (TiLV)TILV ign enveloped, negativeense, singlstranded RNA virus that has beelassified
as a relative of th®©rthomyxoviridadamily of viruses.

TiLV was first officially documented in Ecuador and Isr&#d18 and?014, respectivelyHowever it

is believed to have been responsible for mass mortalities in farmed tilapia it $gnae2009. The
disease agent has since been found in Thajlsadaysiaand the USAand may have been spread to
many other parts of Asia and Africa due to translocation of live tilapia for aquaculture.
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Host range

Table20 Specis known to be susceptible tdiLV

Common name

Scientific name

Blue tilapi&

Cichlids

Malaysian red hybrid tilapfa
Mango tilapi&

Niletilapia?

Redbelly tilapia

Tilapias

Tilapia hybridd

Tinfoil barty

Tvarnun simof

Oreochromis aureus

Cichlidae, all species

Oreochromis niloticus O.mossambicus
Sarotherodon galilaeus

Oreochromis niloticus

Tilapia zilli

Various genera and species
Oreochromisiloticusx O. aureus
Barbonymus schwanenfeldii

Tristramella simonis

a Naturally susceptibleNote:Other species have been shown to be experimentally susceptible

Presance inAustralia

Exotic disease not recorded in Australia.

Map 13 Presenceof TiLV, by jurisdiction

Exotic
Not recorded in Australia
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Epidemiology

I TiLV appears toause disease mainly in tilapia and tilapia hybr@ise6chromisspp.,
Tilapiaspp.), but has also been detected causing disease in other wild cicBeini{erodon
galilaeus Tristramellaspp.) in Israel and tinfoil barbBgrbonymus schwanenfelilin Malaysia.

9 TiLV viral particles are sensitive to organic solvents (ether and chloroform), due to their lipid
membrane. Other orthomyxoviruses similar to TiLV can be inactivated by desiccation or heat at
temperatures abové&6°C for Sminutes, but are stableniwater for extended periods.

I Horizontal transmission (via the water and cohabitation) and vertical transmission have both
been demonstrated. Transmission via cannibalism is likely

91 Duration of viral survival outside the host has not been determined.

1 Tilaga that survive experimental infection show immunity to disease upon subsequent
challenge.

Differential diagnosis

The list ofsimilar diseasei the next section refers only to the diseases covered by this fiettbgui

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observeigins

Similar diseases

Infection withAphanomyces invadarfgEUS), infection with infectious spleen and kidney necrosis
virus (ISKNM)ke viruses, red sea bream iridoviral disease (RSND)iral encephalopathy and
retinopathy (VER)

Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state orrt®ry hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergerty disease hotline

{SS a2YSUKAyYy3 &2dz 0KAY| A& GKAA RAASI&ASK wSL2NI
Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right

state or territory agency.
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Microscope images
Figure50 Histopathology of liver of Nile tilapia@reochromis niloticuginfected with TiLV
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Note: Multifocal areas of syncytial hepatitis. Scalebaéum.
Source: HT Dong

Further reading
Jansen MD and Mohan CV 20Ti#apia lake virus (TiLV): Literature revi®gnang, Malaysia: CGIAR

Research Program on Fish Algoiod Systems

Network of Aquaculture Centres in AftacificTilapia Lake Virus (TiltVA novel orthomyxdike
virus
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Viral encephalopathy and retinopathy (VER)

Also known as viral nervous necrosis (VNN)

Figure51 Darkened colouratiorin severband grouper Hyporthodusseptemfasciatuywith VER

Note: Darkgroupersare diseased, light fish are norm&lhange in colouration is an important indicator for VER (species
differ in what colour change occurs; diseased barramundi become lighter).
Source: B Munday

Signs of disease
Important: Animals with this diseaseay show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:
T 50%to 100% cumulative mortality over a period of B8urs to several weeks

1 higher mortalities in larae and juvenile fish (@ 28days old), although older fish (greater than
28 days) may also be affected

 anorexia

1 abnormal swimming behaviours, including erratic, uncoordinated darting, spiral and/or looping
swim pattern corkscrew swimming

1 fish resting lelly-up (loss of equilibrium)
1 hyperactivity

1  sporadic protrusion of the head from the water.

Department of Agriculture, Water and the Environment
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Grosgpathologicakigns are:

1 colour change

- affected fish may become lighter ( such as larval barramundi) or darker (such as larval
groupers), depending on thepecies affected and their environment

blindness
abrasions

1
1
1 emaciation
1

overinflated swim bladder (the only significant internal gross pathological sign).

Microscopic pathological signs are:

1 vacuolation of central nervous tissues, including retina

9 intracytoplasmic inclusions in brain tissues as crystalline arrays or aggregates

Disease agent

VER or VNN is a disease caused Bgtanodavirusin the familyNodaviridae In AustraliaVER was
formerly referred to as barramundi picordie virus.

Hostrange

Table21 Species known to be susceptible YER

Common name

Scientific name

Amberjack

Atlantic halibut
Archer fish

Atlantic salmoh
Australian bass
Banded archerfish
Barcoo grunter

Barfin floundet
Barramundt
Browntmarbled groupet
Chinese catfish

Cobi&

Convict surgeonfish
Coral trout

Crimson snappér
Common sole

Dusky grouper
Easternfreshwater cod
Estuarine rockcad

Estuary catfish

Seriola dumerili
Hippoglossus hippoglossus
Toxotes chatareus

Salmo salar

Macquaria novemaculeata
Toxotes jaculatrix

Scortum barcoo

Verasper moseri

Lates calcarifer
Epinephelus fuscoguttatus
Silurus asotus
Rachycentron canadum
Acanthurus triostegus
Plectropomus leopardus
Lutjanus erythropterus
Solea solea

Epinephelus marginatus
Maccullochella ikei
Epinephelus tauvina

Cnidoglanis macrocephalus
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Common name

Scientific name

European eél
European seabads
Flounders
Giantgrouper

Gilthead sea breafm
Golden grey mullét
Golden perch

Grouper and estuary céd
HaddocRk

Humpback groupér
Japanese flounder
Japanese parrotfish
Japanese seabdss
Japanese tilefish
Longtooth groupet
Luderick

Macquarie perch
Malabar groupet
Mangrove jack

Milkfish

Mullets®

Mulloway

Murray cod
Narrowstripe cardinalfish
Nile tilapia
Orangespotted groupet
Permig

Red drum

Red mullet

Redspotted groupet or Hong Kong grouper
Russian sturgedén
Samson fish
Senegalese sdle
Sevenrband groupet
Shi drunt

Silver grch

Silver trevally

Six bar grouper

Anguilla anguilla
Dicentrarchus labrax
Paralichthyidae
Epinephelus lanceolatus
Sparus aurata
Chelorauratus

Macquaria ambigua
Epinepheluspp.
Melanogrammus aeglefinus
Cromileptes altivelis
Paralichthys olivaceus
Oplegnathus fasciatus
Lateolabrax japonicus
Branchiostegus japonis
Epinephelus bruneus
Girella tricuspidata
Macquaria australasica
Epinephelus malabaricus
Lutjanus argentimaculatus
Chanos chanos
Mugilidae all species
Argyrosomus japonicus
Maccullochella peelii
Pristiapogorexostigma
Oreochromis niloticus
Epinephelus coioides
Trachinotus falcatus
Sciaenops ocellatus
Mullus barbatus
Epinephelus akaara
Acipenser gueldenstaedtii
Seriola hippos

Solea senegalensis
Hyporthodusseptemfasciatus
Umbrina cirrosa
Bidyanus bidyanus
Pseudocaranx dentex

Epinephelus sexfasciatus
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Common name

Scientific name

Sleepy cod
Snubnose daft
Spotted corabrouper
Spotted knifejaw
Spotted wolffish
Striped trumpetet
Threadsall filefisi
Tiger grouper hybrid
Tiger puffef

Tilapias

Turbo#

White groupet
White seabass
Winter floundef
Winter whiting
Yellowfin bream

Yellowtail kingfish

Oxyeleotris lineolat

Trachinotus blochii
Plectropomus maculatus
Oplegnathus punctatus
Anarhichas minor

Latris lineata

Stephanolepis cirrhifer
Epinephelus fuscoguttatusE.lanceolatus
Takifugu rubripes

various genera and species
Scophthalmus maximus
Epinephelus aeneus
Atractoscion nobilis
Pseudopleuronectes americanus
Sillago maculata
Acanthopagruswustralis

Seriola lalandi

a Naturally susceptibleb Experimentally susceptible to disease via intraperitoneal injectimie: Gher species have been
shown to be experimentally susceptible

Table22 Non-fish carriers

Common name Scientific name
Molluscs Various genera and species
Polychaetes Nereisspp.
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Presence inAustralia
VER has been officially reported from New South Wales, the Northern TerQoegnsland,

SouthAustralia, Tasmania and Western Australia. It is primarily reported to affect larvae or fry.

Map 14 Presenceof VER, by jurisdiction

@ Disease present

Epidemiology

)l

VER has occured in at leastsfiecies of marine fish frort6 families, and has been diagnosed in
all inhabited continents.

Most fish are affected as larvae or juveniles. However, in recent years, mortalities have occurred
in older fish up to harvest size, particularly in European seabass, gro&penggheluspp.) and
Atlantic halibut. Disease incidee inthe groupers and seabass has been associated with high
water temperatures.

Susceptibility and mortality are age dependent. Onset of clinical disease in younger fish of some
species results in higher mortality.

Batches of barramundi larvae for aquaculture are now routinely screened for this disease in
Australia.

The incubation period for the disease in barramundi éays, with typical disease onset®
28days after hatching, rarely occurring in older fis@ {® 60days old). In silver trevally, disease
onset is 1day after hatching.

Transmission is believed to occur both horizontally through the water column (via mouth, gills
and skin), and vertically (parent to offspring). The rate of transmission maylbeniced by
stressors, including handling, repeated spawning, high stocking densities, high ambient
temperature and virulence of the particulBetanodavirustrain. Sand worms of the family
Nereidae genusNereis and bivalves collected in proximity tdéeted farms have had positive
detection ofBetanodavirus
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I  The virus can survive forykar in the right environmental conditions (j2Ho 9 and15°C) and
can persist subclinically in infected live fish. Therefore, fish products apdlducts may
facilitate the spread of virus to unaffected areas.

1 Cumulative mortality at inonth is typically 50%® 100% in barramundi ant00% in silver
trevally. In Australian hatcheries, 10086rtality in less than 8lays in larval fisks typical.

Differential diagnosis
The list ofsimilar diseaseih the next section refers only to the diseases covered by this field guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases
Grouper iridoviral diseasgnd Tilapia lake virus (TiLV) disease

Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or tenry hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergencyisease hotline
{SS a2YSGUKAYy3 @&2dz KAY]l A& GKAAa RA&ASIFASK wSL}2NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or territory agency.
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Microscope images
Figure52 Transverse histological section through head of larval (20 day old) barramundi
(Latescalcarifer) with VER
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Note: Vacuoles associated with VER infection are readily visible in the bi@@matoxylin and eosin staif0x
magnification, sda bar = 30Qm
Source: B Jones

Further reading
CEFAS International Database on Aquatic Animal DisgageScephalopathy andRetinopathy

Department of Agriculture, Water and the EnvironmépUAVETPLAfiseasestrategy manual
Viral encephalopathy and retinopathy

World Organisation for Animal Heallhanual of diagnostic tests for aguaticiarals
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Viral haemorrhagic septicaemia (VHS)
Also known as infection with viral haemorrhagic septicaemia virus (VHSV)

Exotic disease

Figure53 VHS in rainbow trout@ncorhynchus myki$s

Note: Swollen stomach aneixophthalmos (popeye)
Source: T Hastein

Figure54 Internal organs ofainbow trout (Oncorhynchus mykigsvith VHS

Note: Pale colour of stomactegion, pinpoint haemorrhages in fillet and fatty tissue and pale gills.
Source: T Hastein
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Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:

1 acute infection

rapid onset of high mortality
lethargic swimming
separation from shoal

loss of appetite

crowding at pond edges.

1  chronic infection

significant cumulative mortality (protracted)
uncoordinated swimming (ataxia) with rotating movement around body axis (spinning).

1 neurological form

low mortality
severe abnormal swimming behaviour (flashing and spiralling).

Grosspathologicakigns are:

1 general

exophthalmos (popeye)

haemorrhages unddhe skin, around the base of pectoral and pelvic fins and in the eyes
swollen abdomen

pale gills, with or without petechial (pinpoint) haemorrhages.

1 acute infection

slight darkening of the body colour

exophthalmos (popeye)

bleeding around the eyes

bleeding under the skin around the base of the pectoral and pelvic fins

skin ulceration

swollen abdomen with ascites (fluid in the abdominal cavity)

pale gills with petechial (pinpoint) haemorrhages

petechial (pinpoint) haemorrhages in the fatty tissue, intestigenads, liver, swim bladder
and muscle

darkred kidneys.

9 chronic infection

often an absence of external signs
intense darkening of the skin
exophthalmos (popeye)

pale gills (anaemic)

Department of Agriculture, Water and the Environment
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- pale abdominal organs
- pale and mottled liver (evidence of haemorrhagessurface)
- pale gastrointestinal tract that is empty of food.

Microscopigpathologicakigns are:
I accumulation of erythrocytes in skeletal muscle fibres
1 extensive focal necrosis in the liver, kidney and spleen

1  VHS virugpositive endothelial cells imascular system evident from immunohistochemistry.

Disease agent

VHSs caused by infection with viral haemorrhagic septicaemia virus (VHSV). VHSV is a rhabdovirus
classified within the genudovirhabdovirusclosely related to infectious haematopoieticaresis

virus (IHNV) and spring viraemia of carp virus (SVCV).

Several genogroups or genotypes of the virus have been identified from different environments in
different parts of the world:

1 type |, continental Europe freshwater group, trout farms (highly geogenic to rainbow trout)

1 type Il, European marine strain (Baltic Semjarine strain affecting wild and cultured marine
and freshwater species (has low pathogenicity in rainbow trout)

1 type lll, north Atlantic marine group (Flemish Cap to Norway, includarth Sea near the
British Isles)

1 type IVa, west coast of North America and east Asian graugrine group affecting a range of
free-living marine and cultured species (highly pathogenic in Pacific herring; rainbow trout
appear refractory to infection witkhis genotype)

1 type IVb, Great Lakes regigignificant mortalities in wild freshwater species in the Great Lakes
of North America

Host range
VHY has been isolated from a broad range of marine and freshwater fish in Europe and the north

Pacifi¢including cod, sprats, herring, haddock and turbot.

Table23 Species known to be susceptible ¥HSV

Common name Scientific name

American eel Anguilla rostrata

Armoured weaselfish Hoplobrotula armata
Atlantic cod Gadus morhua

Atlantic halibut Hippoglossus hippoglossus
Atlantic herring Clupea harengus

Atlantic salmon Salmo salar

Black crappie Pomoxis nigromaculatus
Black sea bream or black porgy Acanthopagrus schleggeli
Bluegill Lepomis macrochirus
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Common name

Scientific name

Blue whiting
Bluntnose minnow
Brook trout

Brown bullhead
Brown trout
Burbo#

Channel catfish
Chinook salmon
Chub mackerel
Coho salmon

Dab

Eels

Emerald shiner
English sole
Eulachon
European eel
European seabass
European sprat
Flounder
Fourbeard rockling
Freshwater drurh
Gilthead sea bream
Gizzard shad
Golden trout
Grayling

Greenland halibut
Haddock

Hairtail

Hong Kong grouper
Hybrid (rainbow troutx coho salmon)
Iberian nase
Japanese eel
Japanese flounder
Japanese yellowtalil
Korean flounder
Lake trout

Lake whitefish

Largemouth bass

Micromesistius poutassou
Pimephales notatus
Salvelinus fontinalis
Ameiurusnebulosus
Salmo trutta

Lota lota

Ictalurus punctatus
Oncorhynchusshawytscha
Scomber japonicus
Oncorhynchus kisutch
Limanda limanda
Anguillidae all species
Notropis atherinoides
Parophrys vetulus
Thaleichthys pacificus
Anguilla anguilla
Dicentrarchus labrax
Sprattus sprattus
Platichthys flesus
Enchelyopus cimbrius
Aplodinotus grunniens
Sparus aurata

Dorosoma cepedianum
Oncorhynchus aguabonita
Thymallus thymallus
Reinhardtius hippoglossoides
Melanogrammus aeglefinus
Trichiurus lepturus

Epinephelus akaara

Oncorhynchus mykissO. kisutch

Pseudochondrostoma polylepis

Anguilla japonica
Paralichthys olivaceus
Seriola quinqueradiata
Glyptocephalus stelleri
Salvelinus namaycush
Coregonus clupeaformis

Micropterus salmoides

Department of Agriculture, Water and the Environment
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Common name

Scientific name

Lesser argentine
Sea Mullet
Mummichog
Muskellungé
Norway pout
Pacific cod
Pacific hake
Pacific herring
Pacific salmon
Pacific sand eel
Pacificsand lance
Pacific sardine
Pacific tomcod
Piket

Plaice

Poor cod
Pumpkinseed
Rainbow trout
River lamprey
Rock bass
Rockfish

Round gob¥
Sablefish

Sand eel

Sand goby
Senegalese sole
Shiner perch
Shortfin eel
Shorthead redhorse
Silver pomfret
Silver redhorse
Smallmouth bass
Snapper

Splake (lake trouk brook trout)

Spottail shiner
Striped bass
Surf smek

Threespined stickleback

Argentina sphyraena
Mugil cephalus
Fundulus heteroclitus
Esox masquinongy
Trisopterus esmarki
Gadus macrocephalus
Merluccius productus
Clupea pallasii
Oncorhynchuspp.
Ammodytes personatus
Ammodytes hexapterus
Sardinops sagax
Microgadus proximus
Esox lucius
Pleuronectes platessa
Trisopterus minutus
Lepomis gibbosus
Oncorhynchus mykiss
Lampetra fluviailis
Ambloplites rupestris
Sebastespp.

Neogobius melanostomus
Anoplopoma fimbria
Ammodytesspp.
Pomatoschistus minutus
Soleasenegalensis
Cymatogaster aggregata

Anguilla australis

Moxostoma macrolepidotum

Pampus argenteus
Moxostoma anisurum
Micropterus dolomieu

Chrysophryauratus

Salvelinus namaycustS.fontinalis

Notropis hudsonius
Morone saxatilis
Hypomesus pretiosus

Gasterosteus aculeatus
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Common name

Scientific name

Trout-perch

Tubesnout

Turbot

Walleye pollock or Alaska polléck
White bass

Whitefish (Muksun)

Whitefish (Peled)

White perch

Whiting

Yellowback seabream

Yellow perch

Percopsis omiscomaycus
Aulorhynchus flavidus
Scophthalmus maximus
Gaduschalcogramma
Morone chrysops
Coregonus muksun
Coregonugpeled

Morone americaa
Merlangius merlangus
Evynnis tumifrons

Perca flavescens

a Naturally susceptibleNote: Gher species have been shown to be experimentally susceptible

Table24 Non-fish carriers

Common name

Scientific name

Leeches

Piscivorous birds

Piscicolapp.

Various genera and species

Presaence inAustralia

Exotic disease not recorded in Australia.

Map 15 Presenceof VHS, by jurisdiction

Exotic

Not recorded in Australia
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Epidemiology
I Variant strains of VHSV are responsible for disease in different geographical locations.

1 Marine and freshwater species are susceptible to VHSV infection. Younger fish are generally
more susceptible to disease.

1 Rainbow trout appear to be less susceptible to infection by marine strains of the virus.

1  Water temperatures in an outbreak are generally ng@fC. At water temperatures
between15°C and.8°C, the disease generally takes a shorter course with a modest
accunulated mortality, but transmission can occur at water temperatures up2tC. Mortality
and morbidity have rarely been documented when water temperatures are ab8%€,
although VHS virus genotypé has caused at least one fish kilRtto 22°C, andome isolates
can replicate in vitro at temperatures up 25°C.

1 Transmission is horizontal directly through the water, from virus shed in faeces, urine
(predominantly) and sexual fluids of clinically infected or carrier fish. The virus can also be
spreadby birds that have consumed infected fish, via bldeeding vectors such as leeches, and
on equipment that has been in contact with water from infected fish. The virus gains entry via
the gills, skin wounds, oral exposure (predation) and possibly thrthegbkin.

1 Once infected, survivors are lifelong carriers of the virus, with intermittent shedding. Stressors
(including overcrowding, extreme temperatures and overfeeding) will greatly reduce an animal's
resistance to infection.

1 Mortality rate can range &mm 10% to80%, depending on the VHSV isolate, environmental
variables (temperature), age, species, route of exposure and presence of additional stressors.
The highest mortality rates occur with acute infection, and lowest mortality rates in the
neurologicaform.

I VHSV is thought to have existed in the marine environment before its apparent transfer to fresh
water, where it first became virulent in trout.

1 It has been suggested that the European freshwater strains of VHSV originated from fish in the
northern Pacific and Atlantic oceans. The mechanism of transfer was possibly through the
feeding of marine fish to cultured freshwater species.

Differential diagnosis

The list ofsimilar diseasei the next section refers dynto the diseases covered by this field guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listedsdisease
that most closely account for the observed signs

Similar diseases

Enteric red mouth disease (ERMD), epizootic haematopoietic necrosis (EHN), infection with
Aphanomyces invadarigUS), infectious haematopoietic necrosis (IHN), infectious pancreatic
necrasis (IPNandwhirling disease

Department of Agriculture, Water and the Environment
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Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you arenot appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veteyigathorities may also advise on
sampling.

Emergency disease hotline
{SS a2YSUiKAy3 @2dz GKAY|l A& GKAA RAA&ASIF&aSK wSLR2NI

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or teritory agency.

Further reading
CABI Invasive Species Compendiliralhaemorrhagic septicaemi

Department of Agriculture, Water and the Environmé&@UAVETPLAfiseasestrategy manual
Viral haemorrhagic septicaemia

World Organisation for Animal Heallhanual of diagnostic tests for aguaticiarals
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Bacterial diseases of finfish
Bacterialkidney disease (BKD)

Also known as infection witRenibacterium salmoninarum

Exotic disease

Figure55 Ventral view of adult chinook salmondncorhynchus tshawytschanfected with
Renibacterium salmoninarum

Note: Dermatitis (spawning rash) typical of BKD on bottom of fish.
Source: R Pascho and D Elliott

Figure56 Kidneys of dvenile chinook salmon@ncorhynchus tshawytschaffected byBKD

Note: Multiple kidney lesions.
{2d2NOSY w tladK2 | yR / hQCl NNBf
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Signs of disease
Important: Animals with this disease may show one or more of tiséges, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pond level are:
1 lethargy

I Increasing mortality.

Gross pathological signs are:

1 exophthalmos (popeye)

1 swollen abdomen and skin blisters (spawning Jastshallow ulcers (remnants of ruptured
blisters)

1 darkening of skin and pale gills

1 haemorrhages at the base of the fins or at the vent

=

creamywhite, granulomatous, nodular lesions in the kidney and sometimes in the liver and
spleen, which may be encapatéd

ascites (fluid in the abdominal cavity)
haemorrhages on the abdominal wall and in the viscera
diffuse, white membranous layer on one or more internal organs

enlarged spleen

= = =4 -4 =2

cystic cavities in skeletal muscle.
Microscopic pathological signs are:
1 focal or diffuse granulomatous reaction in the kidneys, liver and spleen

1 small, rodshaped bacteriaRenibacterium salmoninarunin histological sections of skin lesions

Disease agent

BKDis caused binfection withR salmoninaruma member of the familiMicrococcaceaeBKDis a
slow, progressive and frequently fatal infection of cultured and wild salmonids in both fresh and
marine waters.

Department of Agriculture, Water and the Environment
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Host range

Table25 Species of salmonid fish known to be susceptibbeBKD

Common name

Scientific name

Arctic char
Atlantic salmof
Black sea salmon
Brook trout
Brown trou®
Chinook salmoh
Chum salmon
Coho salmoh
Cutthroat trou®
Danube salmoh
Masu salmo#n
Pink salmon

Rainbow trout

Salvelinus alpinus

Salmo salar

Salmolabrax

Salvelinus fontinalis
Salmo trutta
Oncorhynchus tshawytscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus clarkii
Huchohucho
Oncorhynchus masou
Oncorhynchus gorbuscha

Oncorhynchus mykiss

a Naturallysusceptible Note:Other species have been shown to be experimentally susceptible

Table26 Species of norsalmonid fish known to be susceptible to BKD

Common name

Scientific name

Ayu

Burbot

Common shiner
Fathead minnow
Grayling

Pacific herring
Sablefish

Sea lamprey

Shiner perch

Plecoglossus altivelis
Lota lota
Luxiluscornutus
Pimephales promelas
Thymallus thymallus
Clupea pallasii
Anoplopoma fimbria
Petromyzon marinus

Cymatogaster aggregata

Table27 Non-salmonidcarriers

Common name

Scientific name

Bartail flathead
Greenling

Japanese scallop

Platycephalus indicus
Hexagrammos otakii

Patinopecten yessoensis

Department of Agriculture, Water and the Environment
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Presence inAustralia
Exotic disease not recorded inAustralia.

Map 16 Presence BKD, by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

)l

The causative bacterium is likely to persist only within salmonids and not in the environment.
However, ask.salmoninarurnis often endemic in wild salmon populations, hatcheries can be
constantly exposed to bacteria shed into the water by wild fish upstream.

Other nonsalmonid species have been demonstrated susceptible to infection with
R.salmorinarum, but only when raiseth proximity to highly infected salmonids.

The bacterium is transmitted both horizontally (between fish via the water) and vertically
(parent to offspring via eggs). Surface disinfection of eggs does not prevent vertical
transmission.

Advanced infection b@omes apparent only after the first year of the fish's life.

Coho Oncorhynchus kisutgfand chinook (CGishawytschd salmon are the most important
worldwide sources of infection.

Differential diagnosis
The list ofsimilar diseasei the next section refers only to the diseases covered by this field guide.

Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gross signs to provide a definitive diagnosis. Use themtool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases
Piscirickettsiosiandviral haemorrhagic septicaemia (VHS)

Department of Agriculture, Water and the Environment
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Sample collection

Only trained personnel should collect samples. Using only gaibslogical signs to differentiate
between diseases is not reliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you hato collect samples, the agency taking your call will advise you on the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
See something you think is this disease? R A G ® 9 @Sy AF &@2dzQNB y2d adzN

Call the Emergency Animal Disease Watch Hotline8®9 675 888They will refer you to the right
state or territory agency.

Microscope images
Figure57 Histological section of skin lesion of juvdaichinook salmon
(Oncorhynchu$shawytscha) infected with Renibacteriumsalmoninarum

-a* -

. -~
_ o g?n

Note: Most of the small, rodhapedR.salmoninarumare visible within the cytoplasm of macrophages. In this Giemsa
stained preparationbacteria arepurplecblue and melanin granules are black.
Source: R Pascho
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Figure58 Histological section of granulomas of juvenile chinook salmon
(Oncorhynchusshawytschg affected byBKD
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Note: Focal granulomatous inflammation (a).
Source:R  a0K2 |yR / hQCINNBT f

Figure59 Histological section of granulomas of juvenile chinook salmon
(Oncorhynchusshawytschg affected byBKD

Note: Diffuse granulomatous inflammation.
{2dz2NOSY w tlad0K2 |yR / hQCINNBf
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Figure60 Gramstained histological section of pancreatic tissue of juvenile chinook salmon
(Oncorhynchusshawytschg with systemicBKD

W T S N

Note: Grampositive (purpleblue) cells oR.salmoninarumare present extracellularly and intraddhrly within
macrophages, in contrast to browhlack melanin granules.
Source: R Pascho

Further reading
CABI Invasive Species Compenditm Sy A 0 I OG SNA dzy &l £ Y2y Ay | NHzY Q

CEFAS International Database on Aquatic Animal DisBasé&siial Kidney Disease
(WYwSy A o Is@riioSidaFumnpy

World Organisation for Animal HéfalManual of diagnostic tests for aguaticiarals
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Enteric red mouth disease (ERMD)
Also known as infection witi ersinia ruckeri

Exotic disease

Figure61 Characteristic red mouth from ERMID rainbow trout (Oncorhynchus mykigs

Note: Reddened mouth and tongue.
Source: HJ Schlotfeldt

Figure62 ERMDn rainbow trout (Oncorhynchus mykigs

"

Note: Skin and eykaemorrhages, and swollen abdomen.
Source: HJ Schlotfeldt
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Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may
still be present in the absence of any signs.

Disease signs at the farm, tank or pdadel are:
I separation from other fish
I occasional nervous signs

9 acuteinfections in fingerlings (fish of all ages may be affected, usually with sustaindeMelv
mortalities).

Gross pathological signs are:
9 dark body colour (seen in atypical infections)
1 haemorrhages at base of paired fins and vent

1 reddening (subcutaneousakemorrhages) of gill cover, corners of mouth, gums, palate and
tongue

exophthalmos (popeye) and orbital haemorrhages
loss of appetite
swollen abdomen

ascites (fluid in the abdominal cavity)

= =2 =4 -4 =2

petechial (pinpoint) haemorrhages may occur on the surfaces divtbe pancreas, pyloric
caeca, swim bladder and in the lateral musculature

1 enlarged, friable spleen is often almost black in colour

1 inflamed lower intestine containing thick yellow fluid.

Microscopic pathological signs are:

1 generalised haemorrhagic segtiemic inflammatory response of all tissues

9 bacterial colonisation of wellascularised tissue (spleen, liver, heart, gills, kidney)

1 necrosis of haematopoietic tissue in the kidney and spleen

Disease agent

ERMD is caused by infection witlersinia ruckefHagerman strain), a member of the family
Enterobacteriacea€elhere are several serotypes of the bacterium, and classification systems can be
based upon wholeell typing as well as individual ealall antigen groupings. The serotype
responsible for ERMB the Hagerman strain, seroty#la, is considered to be the most virulent.

The enteric red mouth strain of.ruckeri(serotype O1a) is exotic to Australia. However, a virulent
form of Y.ruckeri(serotype O1b) is endemic in Australia. Serotype @rbluces a septicaemic
condition in Atlantic salmorSalmo salgrknown as yersiniosis. A characteristic of this form of the
disease is exophthalmia (popeye) and the formation of pronounced haemorrhages in the eye that
give rise to the description of blompot disease. Signs typical of classical ERptDminent

reddening of the corners of the mouth, gums and patat® not normally occur in yersiniosis.

Department of Agriculture, Water and the Environment
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Host range

Table28 Species found in Australia known to beaturally susceptible o ERMD

Common name

Scientific name

Atlantic salmon

Brown trout

Brook trout

Common carp and koi carp
Goldfish

Rainbow trout

Salmo salar

Salmo trutta
Salvelinus fontinalis
Cyprinus carpio
Carassius auratus

Oncorhynchus mykiss

Table29 Species not commonly found in Australia known to haturally susceptible toERMD

Common name

Scientific name

Salmonids

Arctic char
Chinook salmon
Coho salmon
Cutthroat trout
Sockeye salmon
Whitefish
Whitefish (Muksun)
Whitefish (Peled)
Non-salmonids
Bighead carp
Burbot

Channel catfish
Cisco

Common sole
Emerald shiner
European eel
Fathead minnow
Pike

Siberian sturgeon
Silver carp
Turbot

Salvelinus alpinus
Oncorhynchus tshawytscha
Oncorhynchus kisutch
Oncorhynchuslarkii
Oncorhynchus nerka
Coregonuspp.

Coregonus muksun

Coregonus peled

Aristichthys nobilis
Lota lota

Ictalurus punctatus
Coregonus artedi
Solea solea
Notropisatherinoides
Anguillaanguilla
Pimephales promelas
Esox lucius
Acipenser baerii
Hypophthalmichthys molitrix

Scophthalmus maximus

Table30 Non-fish carriers

Common hame

Scientific name

Freshwater crayfish

Various genera and species

Department of Agriculture, Water and the Environment
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Presence inAustralia
Exoticdisease not recorded in Australia.

A related disease known as yeilisisis or blood spatliseasenccurs in Australia.

Map 17 Presence of ERMD, by jurisdiction

Exotic '
Not recorded in Australia

Epidemiology

1 Many other aquatic species are potential carriers Sldw no signs (some crustaceans,
including freshwater crayfish).

1 Transmission can be horizontal, via direct contact with infected fish or carriers. Carriers are
particularly important sources of infection under stressful situations (such as increeaiag
temperature).

9 Yersinia ruckean survive in the environment, with some strains able to form biofilms.

1 Vertical transmission (fish to egg) is suggested by the presenceumkeriDNA in ovarian fluids
and unfertilized eggs.

1 ERMD causes septicaemiacteria are spread through the body via the blood).

1 Fish of all ages are affected, and outbreaks usually begin with low mortalities that slowly
escalate. The severity of the outbreak depends on the strain and presence of stressors.

Differential diagnosis

The list ofsimilar diseasein the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseases not included in this guide. Do not rely
on gros signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases

Infection with HPRleleted or HPRO infectious salmon anaemia virus, infectious haematapoie
necrosigIHN) spring viraemia of cargsVC)viral haemorrhagic septicaem®HS) anavhirling
disease

Department of Agriculture, Water and the Environment
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Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is netliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will gouise the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline

{SS a2YSUGKAYy3 e2dz KAY]l A& GKAAa RA&ASIFASK wSLJ}2 NI
Call the Emergency Animakbase Watch Hotline atB00 675 888They will refer you to the right

state or territory agency.

Microscope images
Figure63 Skeletal musclef rainbow trout (Oncorhynchus mykidsaturally infected with
Yersiniaruckeri

e

‘.

Note: Dffuse haemorrhage evident in sections of skeletal muscle.
Source: Scottish Government
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Figure64 Kidneyof rainbow trout (Oncorhynchus mykigsaturally infected withYersiniaruckeri

Note: Diffuse haemorrhage evident in sectiarikidney.
Source: Scottish Government

Further reading
CEFAS International Database on Aquatic Animal Diseases Redmouth

Glenn RA, Taylor PW, Pelton EH, Gutenberger SK, Ahrens MA, Marchant LM, Hanson KC 2015,
DSYySiAO SHARSYOS 2F GSNIAOIE (NI yaYokignhdak 2y | yR O8@
OKAY221 alfyY2y Why QhwialdfFisiadeWildife Mandgenieat O K I Q

Kumar G, Menantealiedouble S, Saleh M:®htbouli M 2015%  SNAA VAl  NHzO] SNRA Q> (i F
agent of enteric reanouth disease in fisi/eterinary Research
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Enteric septicaemia of catfish
Also known as infection witkdwardsiellactaluri, edwardsiellosis and holm-the-head

disease

Figure65 Ulcer in diannel catfish [ctalurus punctatu with chronic enteric septicaemia of catfish

Note: Ulcerative lesions in thjeints of the pectoral or dorsal spines.
Source: L A Hanson

Figure66 Cranial ulcer inlsannel catfish [ctalurus punctatu$ with enteric septicaemia of catfish

Note: Cranial ulcer, also known as a hiokthe-head lesion.
Soure: L Khoo

Department of Agriculture, Water and the Environment
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Figure67 Internal organs of bannel catfish [ctalurus punctatu$with enteric septicaemia of
catfish

Note: Signs ahfection with Edwardsiella ictaluiinclude swollen posterior kidney, enlarged splegastraintestinal
haemorrhage and ascites fluid.
Source: L Khoo

Signs of disease
Important: Animals with this disease may show one or more of these signs, but the pathogen may

still be present in the absee of any signs.

Disease signs at the farm, tank or pond level are:

1 lethargic swimming

9 abnormal behaviour (alternating listlessness and chaotic swimming)
i disorientation and swimming in spirals

1 loss of appetite

1 surfing, with head protruding from water.

Grosgpathologicakigns are:

1 chronicencephalitic form

- swelling on top of the head, occasionally progressing to the erosion of connective tissue
and exposure of the brain (a hele-the-head lesion)
- granulomatous inflammation of the brain

1 acutesepticaemi form

- palegills

- darkening of the skin (observed in species other than channel catfish)

- multiple small white spots on the skin

- raised skin patches progressing to shallow ulcers on the flanks and head

- haemorrhage at the base of the fins, around the mouathd on the throat, operculum (gill
cover) and abdomen

- exophthalmos (popeye)

Department of Agriculture, Water and the Environment
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- swollen abdomen (pebelly)

- ascites (fluid in the abdominal cavity)

- lesions on the liver and other internal organs

- intestines frequently bloody, but may be transparent or clealoyel

- red, swollen anal region with trailing faecal casts (observed in infected barramundi)

- soft and pale spleen, anterior kidney or posterior kidney, with petechial (pinpoint)
haemorrhages.

Microscopic pathological signs are:

1 gramnegative rods in histologal sections (muscle, kidney)
1 locally extensive cellulitis in the head region

1 necrotising myositis

Disease agent
. Enteric septicaemia of catfisfor edwardsiellosisis caused bynfection withthe bacterium
Edwardsiella ictaluribelongngto the familyEnterobacteriaceae

Host range
Enteric septicaemia of catfish is a highly infectious bacterial disease of the catfish fatiligédae

PlotosidagClariidag Siluridag Pangasiidae@nd Ariidaelctaluridsare particularly suceptibleSeeral
non-catfish species are also susceptible, including salmonids.

Table31 Specieknown to be susceptible t&edwardsiella ictaluri

Common name

Scientific name

Ayl Plecoglossus altivelis
Barramundi Lates calcarifer
.SNysSeQa OFIGFAAK Neoarius berneyi

Black bullhea#l
Black catfish
Blue catfish
Brown bullhead
Channel catfish
Chinook salmon
Glass knifefish
Rainbow trout
Rosy barb

Sind danié
Sutchi catfish
Tadpole madtorh
Toothless catfish

Walking catfish

Ameiurus melas
Neosilurus ater

Ictalurus furcatus
Ameiurus nebulosus
Ictalurus punctatus
Oncorhynchus tshawytscha
Eigenmannia virescens
Oncorhynchus mykiss
Puntius conchonius

Danio devario

Pangasius hypophthalmus
Noturus gyrinus
Anodontiglanis dahlia

Clarias batrachus

Wet tropics tandah Tandanus tropicanus

Department of Agriculture, Water and the Environment
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Common name Scientific name

White catfisi Ameiurus catus

Yellow bullhead Ameiurus natalis
Yellow catfish Pelteobagrus fulvidraco
Zebrafisk Danio rerio

a Naturally susceptibleNote:Other species have been shown to be experimentally susceptible

Presance inAustralia
Edwardsiella ictalufas been isolated from healthy wild webpics tandan catfisifrom the Tully

Rivervalleyin north Queensland, at a prevalencedfo.

Enteric septicaema of catfish haslsobeen officially reported in Australia from imported aquarium

fish (danios, rosy barbs) held in contained facilitirethe Northern Territory and Tasmaniia 2010

YR HamMmXE YIGAGS ofF Ol OF (7FhBeK Bearinpartédagudrara O ( F A a
fish in a facility in the dithern Territory became infected, resulting in mortalitieShere have been

no detections of the disease in the wild in the Northern Territory or Tasmania.

Map 18 Presence oEdwardsiella ictalurj by jurisdiction

@ Disease present

Epidemiology

1 Edwardsiella ictalufias been linked to disease outbreaks in barramundi (also known as Asian
seabass) anBangasiugbasa catfish).

1 Enteric septicaemia of catfish was originally considered primarilgesase of channel catfish.
However, the bacterium has since been reported to cause disease in other catfish and non
catfish species. Most of the epidemiological knowledge about the disease is based on its
occurrence inchannel catfish.

1 Horizontal transmidgen is via the faecabral route, cannibalism, and contact with contaminated
water and materials used in handling infected fish.

Department of Agriculture, Water and the Environment
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I Faeces are the main source of shedding and dissemination. The disease may also be spread via
dead fish and contaminated equipmesuch as fishing nets and sorting devices.

I  The intestinal tract is the primary site of infection for the acute septicaemic form. The chronic
encephalitic form is thought to establish after entering fish via the olfactory epithelium.

9  Surviving catfish cayr the bacterium, which also seems to be able to survive in the intestinal
tracts of other fish species.

1 Disease occurs primarily at water temperatures between 18°C28~@, making spring and
autumn the most common times for outbreaks. Stress is ofteredipposing factor.

1 The bacterium can survivet8 4 months in pond water, mud and vegetation.

1 Environmental stressors can influence the expression of clinical sighs and extend the incubation
period.

1 Morbidity and mortality can be high in heavily stockexhgs.

Differential diagnosis

The list ofsimilar diseaseih the next section refers only to the diseases covered by this field guide.
Gross pathological signs may also be representative of diseasashmted in this guide. Do not rely

on gross signs to provide a definitive diagnosis. Use them as a tool to help identify the listed diseases
that most closely account for the observed signs

Similar diseases
Channel catfish virus disease, European catfisisand European sheatfish virus, infection with
Aphanomyces invadarmsdspring viraemia of carp

Sample collection

Only trained personnel should collect samples. Using only gross pathological signs to differentiate
between diseases is netliable, and some aquatic animal disease agents pose a risk to humans. If
you are not appropriately trained, phone your state or territory hotline number and report your
observations. If you have to collect samples, the agency taking your call will golnisa the
appropriate course of action. Local or district fisheries or veterinary authorities may also advise on
sampling.

Emergency disease hotline
{SS a2YSGKAYy3 &2dz GKAY]l A& (GKA&A RAASHASK wSLR NI

Call the Emergency AnimakPase Watch Hotline atB00 675 888They will refer you to the right
state or territory agency.
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Microscope images
Figure68 Histopathological section o$keletal muscle othannel catfishictalurus punctatu$ with
enteric septicamia of catfish
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Note: Necrotising myositis in the skeletal mus&8eale bar = 600um
Source: G Storie and H Prior

Figure69 Histopathological section of head of channel catfidiot@lurus punctatu$ with enteric
septicaemia of atfish

Note: Locally extensive cellulitis involving connective tissue surrounding cranial bones and c&titdgdar = 600um
Source: G Storie and H Prior
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