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Outline:
1. Role of CSIRO-AAHL in Australia:

 AAHL: Australian Animal Health Laboratory
 AFDL: AAHL Fish Diseases Laboratory 

2. Aquatic animal health relevant to Indonesia:
 Koi herpesvirus (KHV) in carp
 Abalone herpesvirus (AbHV) in Abalone
 Tilapia lake virus (TiLV) in tilapia

3. New emerging technologies: 
 Next Generation Sequencing (NGS)
 Bioinformatics 
 Genome editing (GE)

4. Opportunities - Managing tilapia



CSIRO Australian Animal Health Laboratory (AAHL)
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AUSTRALIAN ANIMAL HEALTH LABORATORY (AAHL)
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AAHL Fish Diseases Laboratory

Contributes to managing the risks posed by exotic, by new and emerging 
diseases and by bio-terrorism to the livestock and fishes of Australia through:

• Diagnostic Services: exotic and emerging diseases
• National Emergency Response Capability 
• Research and Development
• Training
• Technical Advice
• International Reference Centre e.g. OIE Reference Laboratory for New 

and Emerging Diseases plus specific diseases e.g. AI, NDV, YHV1, 
EHNV, Ranavirus and AbHV

• WHO SARS Collaborating Centre

AAHL’s functions



AAHL Fish Diseases Laboratory

• Construction began in 1978, opened in 1985. 

• It cost $150 million to build and today it’s replacement value is $1 billion. 
Annual Operation: >$40million (DAWR/CSIRO/external funds)

• AAHL employs 300 staff (150 scientists; 150 engineers/support staff)

• Staff working at AAHL must not live on a property with livestock animals. 

• Seven day exclusion period.
– Staff working with aquatic animal diseases cannot keep aquatic animals as 

pets either. And a seven day exclusion period to visit fish farms.

AAHL’s Fast Facts



AAHL Fish Diseases Laboratory

• Group Leader - Dr Mark Crane:
1. Aquatic Host-Pathogen Interaction (Team Leader - Dr Mark Crane)

Dr Ken McColl, Dr Serge Corbeil, Nick Gudkovs, Joanne Slater

2. Aquatic Diagnostic Capability (Team Leader - Dr Nick Moody)
Dr Peter Mohr, Dr Dave Cummins, John Hoad, Nette Williams, Stacey Valdeter

AAHL Fish Diseases Laboratory: AFDL - Fish Group

• Samples referred from states (no direct submissions)

• We focus on exotic agents (less competition for the States)

• Quality Assurance (ISO 17025, AS/NZ 2243)



AAHL Fish Diseases Laboratory

Diagnostic submissions from State authorities:

Category 1: Routine samples (surveillance – no disease suspected)

Category 2: Exotic/emergency disease exclusion (low likelihood) 
• Test results required within 72 hours

Category 3: Exotic disease exclusion/confirmation (high likelihood)
• Test results required within 24 hours (work overnight)
• Diagnostic test report issued to submitting laboratory, CVO of the 

submitting state, Australian CVO and Director of AAHL.

AFDL Submission Categories



AAHL Fish Diseases Laboratory

• OIE Standards
• Manual of Diagnostic Tests for Aquatic Animals (OIE Reference 

Laboratory role)
• Comment on drafts for Department of Agriculture and Water Resources
• Participate in international meetings  

• EU Regulations, Directives and Decisions

• SCAHLS ANZSDPs (reviewed through SCAAH)

• Peer-reviewed publications, in-house test development.

AFDL Protocols



AAHL Fish Diseases Laboratory



AAHL Fish Diseases Laboratory

Issues over the past 20 years
1995: Pilchard mass mortalities (herpesvirus; multi-state); Haplosporidiosis (pearl oysters; WA) 
1996: GAV/LOV (YHV-2) and MoV in P. monodon; Bennettae baculovirus in Metapenaeus bennettae (Qld)
1997: Uronema nigricans (tuna; SA); Hepatopancreatic parvo-like virus in P. japonicas (Qld)
1998/9: Pilchard herpesvirus; Orthomyxo-like virus (pilchards; SA); IPN-like Aquabirnavirus (Tas); Thelohania in yabbies (WA)
2000: Barramundi hump-back syndrome; Parvo-like virus in redclaw crayfish (QLD)
2001: Rickettsia-like organism (RLO) in salmonids (Tas), ciliate infection/disease in pearl oysters (WA)
2003: Megalocytivirus in Murray cod (Vic), IHHNV (integrated sequence?) confirmed in P. monodon (Qld), Herpesviral haematopoietic necrosis in 

goldfish (WA)
2004: Nodavirus in Australian bass & other finfish (NSW), Leatherjacket mass mortality (NSW)
2005: Carp mass mortality (Vic), viral ganglioneuritis in farmed abalone (Vic), GAV in Fenneropenaeus merguiensis (WA)
2006: Eel mortalities – rhabdovirus? (Vic), oedema disease (OOD) in pearl oysters (WA), viral ganglioneuritis in wild abalone (Vic)
2007: Orthomyxo-like virus in salmonids (N. Tas)
2008: Mortalities (Streptococcus sp.) in (wild) grouper (Qld), Kingfish mortalities (WA), abalone viral ganglioneuritis (Tas), white tail disease -

Macrobrachium rosenbergii nodavirus (Qld), new strain (previously exotic) of IHHNV (Qld)
2010: Edwardsiella ictaluri in native catfish (NT), barramundi herpesvirus (Vic), Ostreid herpesvirus in Pacific oysters (NSW), Aquabirnavirus in trout 

(Vic)
2011: AVG in farmed abalone (Tas)
2012: Megalocytivirus in ornamental fish farm (Qld); Orthomyxo-like virus in salmonids (SE. Tas); YHV genotype 7 in farmed prawns (Qld), issues with 

specificity of OIE YHV assays
2013: YHV genotype 9 and 10 in imported commodity prawns, issues with specificity of OIE YHV assays
2014: Edwardsiella ictaluri in wild catfish (Qld)
2015: Turtle mortalities (NSW), Hepatopancreatitis (AHPND-like) in prawns (Qld), Bonamia exitiosa, Perkinsus olseni, P. beihaiensis in native flat 

oysters (Vic)
2016: Hepatopancreatitis (AHPND-like) in prawns (Qld); Ostreid herpesvirus in Pacific oysters (Tas)

WSSV in farmed prawns in Queensland
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Koi herpesvirus in carp: The tale of two countries

CSIRO Health and Biosecurity, Australian Animal Health Laboratory (AAHL)

Agus Sunarto, Matthew J. Neave and Kenneth A. McColl



Common carp (Cyprinus carpio)

Main producer countries of common carp (FAO 2006)

4 million tonnes, value $5 billion.



Carp:
• First introduced in 

Australia in 1859
• Major pest in 1960:

oDamage habitat
oDisplace native fish

• Negative economic 
impacts: $500M/yr.

16 |

The Australian, 14 Jan 2016



Koi herpesvirus: Friend or Foe?

17 |

KHV is a lethal virus of koi and carp, devastating 
these industries in Indonesia and worldwide.
Toba Lake, 2004.

(Sunarto et al, JFD 2011)
Research Updates  |  Agus Sunarto



KHV as a biological control agent for carp in Australia

• Control measures for carp in Australia:
o Poisoning
o Electro-fishing 
o Physical removal

Agus Sunarto18 |

May be effective at a local level, 
but not at a national level

• Viral biocontrol is likely to be a cost-effective and                      
practical solution to managing IAS:
o does not require reapplication like poisons
o once established should be self-sustaining.

Image: 
DAFF Qld

Image: DAFF Qld



KHV as a biological control agent for carp in Australia

19 |

Two major concerns for a successful biocontrol virus:

Research Updates  |  Agus SunartoIndonesian KHV C07 is virulent in Australian carp

Efficacy Safety

o Susceptibility of 22 species (fish, frog, turtles, etc).
o More than 1000 animals tested.

o None showed clinical signs of disease.
o Absence of mRNA by RT-PCR (Yuasa et al 2012), 

indicating no KHV replication in NTS



RT-PCR to detect viral replication of KHV  
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National Carp Control Plan

22 |

http://carp.gov.au/

NCCP:
• Risk assessment
• Release strategy
• Public consultation
• Approval

Research Updates  |  Agus Sunarto



Modelling of carp control and eradication

23 |

Thresher et al, Nature Biotech 2014.

Research Updates  |  Agus Sunarto

KHV biocontrol

Genetic control using 
all-male carp

KHV biocontrol



Abalone Herpesvirus (AbHV) = Haliotid Herpesvirus (HaHV-1)
Dr Serge Corbeil

• AVG: Abalone Viral Ganglioneuritis

AbHV24 |

Appeared in Victoria in 2005-2006 

• Clinical signs: swollen mouth and retracted foot



Diagnostic Tools & Experimental Model for AbHV

25 | AbHV



Susceptibility of Abalone species to AbHV

• All abalone are susceptible to AbHV.
• New Zealand paua (Haliotis iris) is 

resistant to AbHV. 

26 | AbHV

NGS (RNAseq) to identify the underlying 
disease resistance mechanisms in paua.



Tilapia lake virus (TiLV): Friend or Foe?
TiLV caused massive mortalities in tilapia,    

but not in other fish.

Clinical signs: 
abdominal distention
skin (darkening & erosions)
ocular alterations (cataract & exophthalmia).

TiLV Mission in Bangladesh|  Agus Sunarto27 |

Eyngor et al, 2014; Bacharach et al, 2016.



TiLV Mission in Bangladesh|  Agus Sunarto28 |

Confirmative diagnostics

http://www.oie.int/international-standard-setting/ 
aquatic-manual/



Geographical distribution of TILV

Modified from Dong et al 2017

TiLV Mission in Bangladesh|  Agus Sunarto29 |

Modified from Dong et al 2017

?
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In collaboration with WorldFish Centre

31 | TiLV Mission in Bangladesh|  Agus Sunarto

TiLV Mission in Bangladesh
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Presence or Absence of TiLV in Bangladesh?

RT-PCR
Negative Positive

How to prevent TiLV into Bangladesh?
A. Ban import of live tilapia:

+ The most effective strategy. 
+ Strengthen national broodstock & breeding program 
 self reliance country!

- Enough supply of broodstock to support aquaculture?

B. Import of tilapia from TiLV-free countries:
• High risk due to false negative! 
• Need careful risk assessments:

How to manage TiLV in Bangladesh?
1. National: regulation
2. TBN (broodstock centre): broodstock
3. TMC (hatchery): seed
4. Farm: consumption

Further diagnostics

Targeted 
surveillance

o Which country? Bangladesh imports tilapia from 
Thailand, Malaysia & Philippines.

• Import must be completed with CoO, HC and quarantine 
for two weeks! Is it effective?



Agus Sunarto and Ken McColl
CSIRO HEALTH AND BIOSECURITY

Biological Control of Tilapia: A Potential Virus



Efficacy & Safety

Biological control of Tilapia34 |

TiLV-induced mortality

• 80% mortality, dropped annual prod by 85%.
• TiLV spread through water.

• TiLV causes disease in tilapia, but not 
in other fish species.

• Kinneret Lake in Israel hosting some 
27 species, but TiLV be associated 
with a decline of tilapia only.

 Indicating species-specificity of TiLV
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Next Generation Sequencing (NGS)

36 |

Sanger sequencing Conventional NGS Portable NGS

Low throughput: <1000 bp
High cost: $100 M, 20 years. 

High throughput: genome
HGP: <$1000, days

NGS & Bioinformatics



NGS & Bioinformatics Workflow

NGS & Bioinformatics

Sequencing:

Bioinformatics:

Extract DNA

6 million, 150 bp reads

37 |

Prepare Libraries Sequence with 
Illumina MiSeq



RNAseq of Carp Infected with KHV
Dr Matthew Neave

Virus-host NGS  |  Matthew Neave

Sequencing

Bioinformatics

Extract total RNA

400 million, 150 bp reads

38 |

Enrich for mRNA Sequence with 
Illumina HiSeq

Clean reads Map to genome Differentially 
expressed genes

polyA+ selection

Quality trim and adapter 
removal with Trimmomatic

TopHat for splice-aware 
alignment

HTSeq counts and DESeq2 
significance testing

Gene expression for every gene in the host and viral genomes

Neave, Sunarto, McColl (2017) Sci Reports



Carp infected with KHV favour a 
humoral immune response

Virus-host NGS  |  Matthew Neave39 |



Tim Doran’s genome engineering lab

Avian influenza resistant chickens

40 |

VHSV resistant zebrafish

Next-Gen Aquaculture Biosecurity|  Agus Sunarto



Genome Editing Technologies

41 |

CRISPR-Cas9 systems:

PAM
Cas9: an enzyme that cut DNA

Next-Gen Aquaculture Biosecurity|  Agus Sunarto

Guide RNA: drive Cas9 to cut DNA at a specific sequence

Cas9

Guide
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Male tilapia grows faster than female Genome editing to knock out foxl2 and cyp19 
to produce all-male fast growing tilapia 

Foxl2 - ovarian development 
Cyp19 - estrogen production



GM vs Non-GM

43 | Next-Gen Aquaculture Biosecurity|  Agus Sunarto

DNA recombinant tech (1973)
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Hyper-eutrophic
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Managing tilapia as the aquatic chicken 
and an invasive species

CSIRO Biosecurity Flagship, Australian Animal Health Laboratory (AAHL)

Agus Sunarto, Ken McColl and Tim Doran



Pathway to Impact

48 |

EW Group acquired two global tilapia breeding companies, 
Aquabel & GenoMar

Managing tilapia as the aquatic chicken and 
an invasive species.

GE Opportunities in Tilapia |  Agus Sunarto

Scaling up:

Public-Private Partnerships:

Potential funding:

DFAT-funded scheme 

R+ PDF Gene editing in aquaculture: development of all-male 
fast growing tilapia



Take home messages

49 | Next-Gen Aquaculture Biosecurity

Virus resistant fish

Portable NGSConventional NGSConventional PCR Real-time PCR

Vaccine

Vaccine

Diagnostics:

Control:
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