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for pathogens of quarantine significance 
 
PRINCIPAL INVESTIGATOR: Dr Joy Becker 
ADDRESS: Faculty of Veterinary Science 
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 Camden NSW 2570 
 Tel: 02 9036 7731     Fax: 02 9351 1618 
 
OBJECTIVES: 
 

1. To determine whether DGIV is entering Australia despite quarantine 
practices 

 
2. To determine whether CyHV2 is entering Australia despite quarantine 

practices 
 
3. To determine whether DGIV is already established in farmed gourami in 

Australia 
 
4. To determine whether CyHV2 is already established in farmed goldfish in 

Australia 
 
5. To determine whether DGIV is already established in wild gourami in 

Australia 
 

6. To determine whether CyHV2 is already established in wild goldfish in 
Australia 

 
7. To determine whether domestic goldfish free of CyHV2 succumb to 

disease when cohabitated with imported goldfish carrying CyHV2 
 

8. To extend the findings of this study to the ornamental fish sector in 
Australia and provide information for use by DAFF 
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NON TECHNICAL SUMMARY 
 
OUTCOMES ACHIEVED TO DATE  
This project will assist in ensuring the sustainability and profitability of the 
aquatic industry and the health of natural resources by providing industry and 
governments with knowledge of the entry of DGIV and CyHV2 in Australia. 
The overall outcome of this project was successful through the provision of 
scientific evidence of the incursions of exotic viruses from ornamental fish in 
Australia. This will assist in the design of improved quarantine policy for live 
imported ornamental fish, disease prevention strategies, improved policy 
regarding domestic aquaculture production and facilitate the certification of 
farms as being free of these viruses. Also, outcomes of this project will help 
protect recreational fisheries through improved conservation management of 
threatened freshwater fish and help promote aquaculture of native fish. 
 
Previous R&D funded by FRDC developed molecular diagnostic tests for dwarf 
gourami iridovirus (DGIV) and cyprinid herpesvirus 2 (CyHV2). These viruses 
were considered exotic to Australia, although disease outbreaks were reported 
from domestic farms and the viruses were readily detected at retail outlets 
selling ornamental fish. This project was developed to use the validated PCR 
assays to determine whether DGIV and CyHV2 were in fact entering Australia 
despite quarantine practices and to further determine if these viruses were 
established in domestic populations of fish. 
This project is of national significance. It was developed in close consultation 
with Commonwealth Department of Agriculture, Fisheries and Forestry 
(DAFF), the Murray Darling Basin Authority and in consultation with FRDC.  
 
As a result of this project, DGIV was consistently found in several species of 
gourami imported from six different countries. The virus was also found in 
stocks of gourami from wholesale premises, at retail outlets and one domestic 
fish farm. The findings indicate that the health certification at exporting 
countries was insufficient to detect and prevent fish with DGIV being exported 
to Australia. Once fish arrive in Australia, quarantine and visual inspection 
were insufficient to identify fish with DGIV infections. Finally, DGIV was found 
in a group of platy at a domestic ornamental fish farm. At the time of collection, 
there was no reported outbreak and the infection was presumably sub-clinical. 
The detection of DGIV at a domestic farm is concerning due to the risk of 
spreading (and potentially amplifying) the virus through the live fish trade to 
other farms and retail outlets and the risk of releasing the virus into natural 
waterways through contaminated effluent and other waste. The lack of a plan 
to deal with such an incursion of an exotic pathogen is concerning. These 
pathways increase the opportunity for DGIV to become established in wild 
populations, which would impact on recreational fisheries, biodiversity and 
aquaculture development. 
 
Similarly, CyHV2 was found at wholesaler premises, farms and notably in 
several populations of wild goldfish in the ACT and Victoria. The findings of the 
project demonstrated that CyHV2 was already established in Australia and 
were used to inform quarantine policy to revoke the requirement for goldfish 
exported to Australia to be certified free of CyHV2. The findings provided clear 
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evidence that an aquatic pathogen from ornamental fish with quarantine 
significance can become established in farmed and wild populations. This is of 
particular significance to Australia as there are many endemic and ecologically 
sensitive populations of fish that may be severely affected by exotic 
pathogens. The incursion of CyHV2 in Australia should be considered a case 
study to inform pathway analysis for pathogen establishment. 
 
The findings of this project supports revision of policy to prevent incursion of 
exotic pathogens from imported ornamental fish and previous 
recommendations that laboratory testing should be carried out as an effective 
way of detecting exotic pathogens in imported ornamental fish. Additionally, 
policy revision and new policy development should address operational 
procedures to minimize biosecurity risks if notifiable agents are found, 
mandatory reporting of mortalities during quarantine, diagnostic testing of 
rejected consignments and increased tracking and traceability of ornamental 
fish. Recommendations were made to complete a risk analysis of the aquarium 
trade as a pathway for release of DGIV in Australia. This is important given the 
wide host range for DGIV and the high prevalence of the virus in retail outlets. 
Experimental studies are also needed to determine the range of native fish 
species that are susceptible to DGIV with species closely related to Murray cod 
given a high priority.  
 
Recommendations for further research on the epidemiology of DGIV for 
freshwater fish living in Australia, sociology research to investigate the role 
humans play in the dispersal of pet fish in the wild and help protect future 
aquaculture opportunity. 
 
In summary, this project achieved its objectives in provision of scientific data to 
support the revision of national policy to prevent the incursions of exotic 
viruses from the ornamental fish trade. This will help protect Australia’s 
recreational fisheries through improved conservation management of 
freshwater fish species and help promote aquaculture. 
 
 
KEYWORDS: dwarf gourami iridovirus, cyprinid herpesvirus 2, 
ornamental fish, biosecurity 
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BACKGROUND 
This project was a natural extension of FRDC 2007/007 Aquatic Animal Health 
Subprogram: optimisation of PCR tests for diagnosis of megalocytivirus 
(gourami iridovirus) and cyprinid herpesvirus 2 (goldfish herpesvirus) in which 
new diagnostic tests for these viruses were developed and transferred to other 
laboratories throughout Australia. Also, this project demonstrated that dwarf 
gourami iridovirus (DGIV) and cyprinid herpesvirus 2 (CyHV2) were detected in 
dead and moribund gourami and goldfish (Carassius auratus), respectively 
from retail outlets in NSW (Whittington et al., 2009). The current project used 
the validated PCR assays described in Whittington et al. (2009) in a series of 
epidemiological surveys to address issues related to quarantine, natural 
resource management and aquaculture development. The project related 
directly to the FRDC strategic challenge to maintain and improve the 
management and use of aquatic natural resources to ensure their 
sustainability, because:  

1. native finfish species such as Murray cod (Maccullochella peelii) may 
currently be threatened by viruses suspected to be entering Australia 
through the trade in ornamental fish; this may prevent threatened 
species recovery and may also preclude successful aquaculture of 
these species  

2. the domestic ornamental fish aquaculture industry may be threatened 
by the same means 

3. the results of surveys for specific viruses will inform policy development, 
import risk analysis and directly contribute to the understanding of risk 

 
One of the potential routes for entry into Australia for significant aquatic 
pathogens is via the ornamental fish trade, in which fish are imported under a 
policy based on a formal Import Risk Assessment (IRA). Previous studies 
determined that ornamental fish entering Australia may carry pathogens of 
quarantine concern, specifically DGIV and CyHV2. DGIV belongs to the genus 
Megalocytivirus and causes mortality outbreaks that have devastated 
aquaculture enterprises particularly in Asia. Also, Murray cod are highly 
susceptible to megalocytivirus infections following an outbreak at a farm in 
Victoria in 2003 that caused significant mortality (Lancaster et al., 2003). 
Cyprinid herpesviruses are also significant; the focus of this project was 
CyHV2, which infects goldfish. The first confirmation of CyHV2 in Australia was 
in 2003 in goldfish from a farm in Western Australia (Stephens et al., 2004). A 
closely related exotic virus, cyprinid herpesvirus 3 (Koi herpesvirus, KHV) 
causes epidemics in carp (Cyprinus carpio); however it has not been detected 
in Australia.  
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In September 2008, Biosecurity Australia announced (BAA 2008/29) the formal 
commencement of an IRA under the regulated IRA process to review 
Australia’s freshwater ornamental finfish policy with respect to quarantine risks 
associated with DGIV and related viruses (see Appendix 6 for Biosecurity 
Australia Advice notices related to this project). The draft IRA report was open 
for review and comment in March 2009 (BAA 2009/06) by stakeholders. A 
provisional report was released in July 2010 (BAA 2010/22) and the Director of 
Animal and Plant Quarantine decided to await the outcomes of this project 
before making a policy determination (BAA 2012/01).  
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NEED  
In project FRDC 2007/007 Aquatic Animal Health Subprogram: optimisation of 
PCR tests for diagnosis of megalocytivirus (gourami iridovirus) and cyprinid 
herpesvirus 2 (goldfish herpesvirus) and previous studies (Stephens et al., 
2004, Go et al., 2006), it was determined that ornamental fish entering 
Australia may carry pathogens of quarantine concern, specifically DGIV and 
CyHV2. Although no pre-border survey has been conducted, the detection of 
exotic viruses in fish at retail outlets could be due to an infection acquired in 
these premises. Ornamental fish are imported under a policy based on a 
formal Import Risk Assessment (IRA). In September 2008, Biosecurity 
Australia announced the formal commencement of an IRA to review Australia’s 
freshwater ornamental finfish policy with respect to quarantine risks associated 
with DGIV and related iridoviruses. Australia has imported a large number of 
gouramis for many decades. The 1999 IRA considered several species of 
gouramis and concluded that specific risk management measures were 
required for these species due to biosecurity risk posed by iridoviruses, 
including DGIV. Australia’s quarantine measures include that gouramis are 
held in an export premises for a minimum 14 day period prior to export, health 
certification stating that they are sourced from populations with no known 
significant clinical disease in the last six months, and that the fish are held in 
post-arrival quarantine for a minimum of 14 days. These are the key features 
which need to be reviewed and additional scientific data would enhance the 
review. See Appendix 5 for the import conditions for live freshwater fish 
(excluding Salmonidae). 
 
The developing Australian ornamental fish aquaculture industry may be at risk 
due to introduced pathogens. This is of particular relevance for goldfish, where 
domestic breeders claim that their stock succumb to diseases such as CyHV2 
disease when brought into contact with imported goldfish in wholesale and 
retail premises. This disease agent was also specifically addressed in the 1999 
IRA. 
 
There is need to determine whether DGIV and CyHV2 are in fact entering 
Australia despite quarantine practices, and further, to determine whether either 
virus is already established in farmed or wild ornamental fish in Australia. 
 



 

 12 

OBJECTIVES 
 

1. To determine whether DGIV is entering Australia despite quarantine 
practices 

 
2. To determine whether CyHV2 is entering Australia despite quarantine 

practices 
 
3. To determine whether DGIV is already established in farmed gourami in 

Australia 
 
4. To determine whether CyHV2 is already established in farmed goldfish in 

Australia 
 
5. To determine whether DGIV is already established in wild gourami in 

Australia 
 

6. To determine whether CyHV2 is already established in wild goldfish in 
Australia 

 
7. To determine whether domestic goldfish free of CyHV2 succumb to 

disease when cohabitated with imported goldfish carrying CyHV2 
 

8. To extend the findings of this study to the ornamental fish sector in 
Australia and provide information for use by DAFF 
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METHODS 
The main research strategy was to conduct surveys aimed at each level in the 
ornamental fish industry to detect DGIV and CyHV2 by molecular techniques 
(PCR). We surveyed groups of ornamental fish beginning with fish that have 
just arrived in Australia (pre-border), those under quarantine orders, fish just 
released from quarantine (post border), and ornamental fish already in 
Australia (in retail outlets, farms and wild fish). This will provide information to 
determine if imported fish infected with either virus are getting past quarantine 
undetected and if so, are already established in the farmed and wild domestic 
populations. 
 
Research assistants, Mrs. Alison Tweedie and Mrs. Rebecca Maurer were 
appointed to the project to undertake the molecular testing and associated 
laboratory work. A PhD candidate, Ms. Anneke Rimmer was recruited to the 
project. An aquatic animal veterinarian and project consultant, Dr Matt Landos 
was engaged to collect samples from retail outlets and from aquaculture 
premises. In consultation with AQIS, we applied for a quarantine approved 
premise (referred to as the USYD QAP) to allow the importation of ornamental 
fish to the University of Sydney (USYD). 
 
This project has nine components, seven of which were surveys relating to 
Objectives 1-6. The other components were a series of experimental 
transmission trials in goldfish and extension and communication of the project 
findings to DAFF and stakeholders of the ornamental fish sector relating to 
Objectives 7 and 8. For clarity, the overall survey design is described below 
with specific detail relating to each survey presented in the appropriate section 
of the results. 
 
Survey Design and Sample Collection 
With the exception of the opportunistic surveys, each survey was undertaken 
in specifically defined populations of fish (Table 1). Where possible, each 
population was tested to detect 2% prevalence with 95% confidence assuming 
a test of 100% sensitivity and specificity. In general this required testing at 
least 150 individual fish from each population. Populations were defined as 
groups of fish of the same species that were in close contact (e.g. sharing 
water, same farm location) and were collected at the same time or within the 
same season. For Survey 3 and 4 (Table 1), at farms with numerous 
ponds/tanks, a random sequence generator was used to select the 
aquaculture units and a small number of fish (e.g. 3 to 7) were collected via dip 
net from each unit to reach 150. At farms with a small number of tanks/ponds, 
approximately equal numbers of fish were collected from all units to reach the 
sample size of 150. Where possible, samples were collected four times each 
year to account for possible seasonal variations in prevalence of infection in 
order to increase the likelihood of detecting infections. It was recognised that 
wild fish may be difficult to procure in such numbers or in all four seasons. If 
only 30 fish are obtained from a population the minimum prevalence detection 
level becomes 10% for 95% confidence. 
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The data were presented as the prevalence of infection detected in each 
population with exact binomial confidence intervals calculated using pooled 
sample prevalence approaches. A one-sided 97.5% confidence interval was 
presented in cases where either 0% or 100% were found to be positive in a 
given population. If no positive samples were detected in a population the 
population was defined as not infected (within the assumptions specified). The 
presence or absence of virus in retail premises was reported. Prevalence and 
confidence intervals were calculated using Stata, version 10 (Stata 
Corporation, College Station, TX, USA). Prevalence for pooled samples was 
estimated under the assumptions of fixed pool size and perfect test sensitivity 
and specificity using Epitools 
(http://epitools.ausvet.com.au/content.php?page=PooledPrevalence). 
 
Experimental Challenge Trials using CyHV2 
Anecdotally, it was reported that goldfish from a farm in northern NSW 
experienced high levels of mortality once they entered the retail environment. It 
was suggested that the cause of mortality was related to the pathogens 
associated with subclinical disease from imported goldfish. It was popularly 
assumed that CyHV2 was involved. CyHV2 infection has been detected in 
goldfish (from mixed populations of domestic and imported goldfish) purchased 
from retail locations (Whittington et al., 2009). 
 
Virology techniques for CyHV2 are limited as isolates are known to quickly lose 
virulence and their ability to propagate in culture (Jung and Miyazaki, 1995). 
Therefore, bioassays were required. Methodology for in vivo amplification of 
CyHV2 PCR positive tissue was developed to attempt to obtain a virulent 
isolate of the virus. Goldfish from a domestic source in Survey 4 which were 
highly unlikely to be infected with CyHV2 were cohabitated with goldfish 
suspected of carrying CyHV2 in 120 L aquaria with biological filtration.  
 
Detection and Confirmation of DGIV 
Upon death, fish were kept frozen (mostly at -80°C) until time of processing. 
Fish were processed in batches to maximize efficiency of automated laboratory 
processes. Kidney, liver and spleen were dissected from each fish using sterile 
techniques. The tissue was homogenized and clarified by the Fastprep 
technique followed by centrifugation as described by Rimmer et al. (2012). 
Individually, nucleic acids were extracted from a 50 µl aliquot of the clarified 
tissue homogenate (1:10 w/v) using a MagMax-96 viral isolation kit (Ambion, 
USA) according to manufacturer’s instructions. Pools of extracted nucleic acids 
were tested with a maximum of four individuals from the same consignment. In 
cases where a pool was shown to be qPCR positive, each sample was tested 
individually. For each sample, 1:10 clarified homogenates and excess fish 
tissue (where available) were placed in the -80°C archive for future 
retrospective testing. 
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For fish that were submitted fixed in ethanol, the internal organs were 
dissected, combined with the homogenizing medium and subjected to 
centrifugation. The supernatant was decanted and this step was repeated two 
more times to wash the ethanol from the tissues. The washed tissue was then 
homogenized and the DNA extracted as described above. For paraffin 
embedded tissues, DNA was extracted from wax shavings as described by Go 
et al. (2006) and purified using a High Pure Viral Nucleic acid kit (Roche). Each 
paraffin embedded sample was tested as a neat preparation and diluted 1:10 
in molecular grade water. 
 
The qPCR assay targeting a specific sequence of the major capsid protein 
(MCP) gene of megalocytiviruses was used to detect DGIV. Amplification was 
performed as described by Rimmer et al. (2012) using the forward and reverse 
primers identified as C1073 and C1074 from Whittington et al. (2009) (see 
Appendix 3 for details on primers). Positive samples from the USYD QAP and 
a domestic farm were confirmed using sequence information. For the USYD 
QAP samples, one to three fish with the highest viral load from each 
consignment were selected for confirmation. Conventional PCR (as described 
by Rimmer et al. 2012) was performed using primers C50 and C51 targeting a 
larger fragment of the MCP gene (Go et al. 2006). PCR results were assessed 
by electrophoresis in 2% w/v agarose gels stained with ethidium bromide. 
Subsequently, PCR products were purified and sent to a commercial 
laboratory for sequencing. Multiple sequence alignments were performed with 
a selection of published megalocytivirus sequences obtained from GenBank 
using MEGA5 (Tamura et al. 2011). For the four positive samples from the 
domestic farm, the products from the qPCR assay were assessed by gel 
electrophoresis as above, purified and sent for sequencing. Additionally, 
conventional PCR assays targeting the IRB6 (OIE reference assay; Kurita et 
al., 1998) and the ATPase genes (Go et al., 2006) were performed on the 
DGIV positive samples from the domestic farm and PCR products were 
sequenced. 
 
Detection and Confirmation of CyHV2 
Goldfish were kept frozen at -80°C until time of processing. Goldfish were 
processed in batches to maximize efficiency of automated laboratory 
processes. Kidney, liver and spleen were dissected from each fish using sterile 
techniques. The preparation of the clarified tissue homogenates and the 
extraction of nucleic acids were carried out as described above using the 
Fastprep and MagMax-96 techniques. For each sample, 1:10 clarified 
homogenates and excess fish tissue (e.g. gills) were placed in the -80°C 
archive for future retrospective testing. 
 
A qPCR assay targeting a specific sequence of the DNA polymerase (DNApol) 
gene for CyHV2 was used to detect the virus. Amplification was performed as 
described in Whittington et al. (2009) using the forward and reverse primer 
identified as C1153 and C1154 (see Appendix 3 for details on primers). 
Typically, pools of extracted nucleic acids were tested with a maximum of five 
individuals from the same consignment and positive pools were re-tested 
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individually. However, in situations where previous testing had revealed a large 
proportion of positive fish (e.g. >20%), nucleic acids were tested individually in 
the first instance. Positive results were confirmed using a second independent 
PCR amplification for the helicase gene (Waltzek et al 2009).  
 
To confirm the detection of CyHV2 at a farm in Victoria and in the wild goldfish 
from Cotter Reservoir, ACT PCR results were assessed by electrophoresis in 
2% w/v agarose gels stained with ethidium bromide. Subsequently, PCR 
products were purified and sent to a commercial laboratory for sequencing. For 
confirmation of CyHV2 in the wild goldfish collected from Victoria, conventional 
PCR was performed targeting the DNApol gene using the primers C1109 (as 
described in Whittington et al., 2009) and C1158 (a CyHV2 specific primer). 
PCR results were assessed by electrophoresis in 2% w/v agarose gels stained 
with ethidium bromide. As above, PCR products were purified and sent to a 
commercial laboratory for sequencing. BLAST analyses confirmed the 
presence of CyHV2 sequence.  
 
Development of plasmid control DNA for qPCR assays 
A future development identified from FRDC 2007/007 Aquatic Animal Health 
Subprogram: optimisation of PCR tests for diagnosis of megalocytivirus 
(gourami iridovirus) and cyprinid herpesvirus 2 (goldfish herpesvirus) was to 
generate plasmid controls containing the key genetic elements of DGIV and 
CyHV2. This was necessary in the absence of cell-culture derived viral stocks 
to have the appropriate controls for diagnostic testing. The plasmid DNA 
control used with the megalocytivirus qPCR assay (pDGIVmcp) was prepared 
by cloning a sequence specific insert into plasmid pCR2.1 (Invitrogen). The 
sequence insert was 694 nucleotides in length and corresponded to start 
position 2 of the MCP gene of Murray Cod Iridovirus (AY936203). Large 
quantities of the plasmid were obtained by culture of transformed TOP10 E.coli 
(Invitrogen). When linearised by restriction enzyme digestion, pDGIVmcp is 
amplified efficiently by the megalocytivirus qPCR assay. The analytical 
sensitivity of the qPCR assay using the pDGIVmcp plasmid was 100 copies 
(Rimmer et al., 2012). 
 
The plasmid DNA control used with the CyHV2 qPCR assay (pCYHV 
2DNApol) was prepared by cloning a sequence specific insert into plasmid 
pCR2.1 (Invitrogen). The sequence insert was 401 nucleotides in length and 
corresponded to start position 29 of the DNA polymerase gene of Cyprinid 
Herpesvirus 2 (AY939863.1). Large quantities of the plasmid were obtained by 
culture of transformed TOP10 E.coli (Invitrogen). When linearised by restriction 
enzyme digestion, pCYHV 2DNApol is amplified efficiently by the CyHV2 
qPCR assay. The analytical sensitivity of the qPCR assay using the plasmid 
was 100 copies. 
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Each plasmid control provides an appropriate external standard for comparison 
of qPCR assay results obtained at different times and on different PCR 
machines. Standard curves prepared by amplification of a dilution series of 
known quantities of plasmid DNA are suitable for quantification of DGIV and 
CyHV2 in fish tissue samples.  
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Table 1. Summary of epidemiology surveys to determine if DGIV and CyHV2 are present in the Australian ornamental fish industry. 
 

Survey 
ID 

Survey aim 
(Project Objective No.) 

Study population Sample collection 
Target no. of fish 

per 
sample/population 

1a 
To determine if DGIV is present in 

gourami species upon initial arrival at a 
QAP premise (1) 

imported species of gourami 
consignments of gourami were imported directly to 
the USYD QAP and fish were sampled on the day 

of importation (pre-border) 

150 individuals per 
species per sample 

period 

1b 
To determine if CyHV2 is present in 
goldfish upon initial arrival at a QAP 

premise (2) 
imported goldfish not done as CyHV2 was detected in farmed and wild goldfish prior to the 

commencement of this survey and the virus is now considered endemic 

1c 
To provide documentation of the 

detection of DGIV from moribund fish in 
quarantine (1) 

consignments of ornamental fish with 
suspect megalocytivirus infections 
submitted by AQIS to Fisheries WA 

laboratories 

tissue embedded in wax blocks or from ethanol-
fixed whole fish was submitted by Fisheries WA 

(pre-border) 
opportunistic 

sampling 

2a 
To determine if DGIV is present in 

gourami species following the quarantine 
period (1) 

imported species of gourami that have 
recently completed the quarantine period 

consignments of gourami were sent to USYD 
within one week of completing quarantine and 

sampled on receival (post-border) 

150 individuals per 
species per sample 

period 

2b 
To determine if CyHV2 is present in 

goldfish following the quarantine period 
(2) 

imported goldfish that recently completed 
the quarantine period 

not done as CyHV2 was detected in farmed and wild goldfish prior to the 
commencement of this survey and the virus is now considered endemic 

3 To determine if DGIV is established in 
farmed gourami (3) 

domestically produced gourami or other 
species of ornamental fish with a prior 
history of DGIV or iridovirus infections 

small numbers of individual fish were collected 
from randomly selected aquaculture units 

(ponds/tanks) at each enterprise (domestic 
farmed) 

150 individuals per 
species per sample 

period 

4 To determine if CyHV2 is established in 
farmed goldfish (4) domestically produced goldfish 

small numbers of individual fish were collected 
from randomly selected aquaculture units 

(ponds/tanks) at each enterprise (domestic 
farmed) 

150 individuals per 
sample period 

5 To determine if DGIV is established in 
wild gourami (5) wild (feral) gourami species 

electrofishing techniques were used in areas of 
known feral populations of gourami (domestic 

wild) 

150 individuals per 
species per 
population 

6 To determine if CyHV2 is established in 
wild goldfish (6) wild (feral) goldfish 

Electrofishing and netting techniques were used in 
areas of known feral populations goldfish and 

frozen goldfish were submitted by fisheries 
biologists from Victoria (domestic wild) 

150 individuals per 
population 

7 
To provide further documentation of the 
detection of DGIV and CyHV2 from retail 

outlets (2) 
dead and moribund ornamental fish from 

retail outlets 
retail staff placed dead/moribund fish in a 

domestic freezer 
opportunistic 

sampling 
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RESULTS AND DISCUSSION 
 
For clarity, the results of the seven surveys have been divided into sections 
dealing with each virus.  
 
I. Results relating to the detection of DGIV 
 
Objectives 1, 3 and 5 were developed to determine if DGIV was indeed going 
undetected through quarantine and if so, to assess to what extent the virus 
has spread through the Australian ornamental fish industry. Surveys 1a, 1c, 
2a, 3, 5 and 7 relate to these objectives (Table 1). 
 
The project met with considerable opposition from the ornamental fish 
industry, including the Aquatic Policy Group of The Pet Association of 
Australia. As such, we were unable to find an existing wholesaler with a 
quarantine approved premise (QAP) that was willing to import fish for the 
project. It was decided in consultation with AQIS that the Infectious Disease 
Laboratory, headed by Professor Whittington would apply to become a QAP 
(referred to as the USYD QAP). This allowed us to receive fish that were 
under quarantine orders with our own import permit. The application and 
assessment process for a QAP begin in February 2010 and was approved in 
October 2010.  
 
For Survey 1a, a total of 32 ornamental fish exporters from seven different 
countries were contacted via email requesting to purchase gourami of various 
species that could be shipped to Australia. We received a response from 14 
suppliers and then subsequently only four of these suppliers continued to 
engage in email communication that culminated in the purchase of fish. A total 
of six consignments of ornamental fish were imported directly to the USYD 
QAP. Upon receival, fish were euthanized and held at -80°C. Six separate 
consignments containing a variety of gourami species were received between 
February 2011 and November 2011. One consignment was received from 
Indonesia, Sri Lanka and Thailand and three consignments from the same 
exporter from Singapore (Table 2).  
 
A total of 2086 gourami were imported to the USYD QAP and tested for the 
detection of DGIV by qPCR. Positive fish were found in all six consignments. 
Nearly 19% of the total fish population were positive for DGIV (Table 2, Figure 
1). For all consignments, the highest prevalence of DGIV was detected in 
Blue/gold gourami (Trichogaster trichopterus) at 29%, followed by Kissing 
gourami (Helostoma temminkii) at 19% (Table 3). The lowest level of DGIV 
detection was found in Thick lipped gourami (Colisa labiosa); however this 
species was obtained from only one exporting country. The Indonesian 
consignment contained the highest prevalence with over 50% of the fish being 
positive for DGIV (Table 2). The Sri Lankan consignment had the lowest 
prevalence with one of 308 fish being positive. The other consignments from 
Singapore and Thailand had intermediate detection levels for DGIV between 
6% and 20% (Table 2).  
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A 399 bp fragment of the MCP gene was successfully amplified in DNA 
extracts from one fish from four of six consignments received at the USYD 
QAP (Figure 2). The samples were from a Blue/gold and Kissing gourami 
from Singapore, a Pearl gourami from Indonesia and a Kissing gourami from 
Thailand. Nucleotide sequences were obtained and compared with other 
megalocytiviruses with published sequences in GenBank. All four isolates had 
nucleotide sequence identities of 100% with each other and all other ISKNV-
like megalocytivirus sequences included in the analysis (Figure 3). This 
confirmed the detection of DGIV. The conventional PCR is significantly less 
sensitive than the qPCR (Rimmer et al. 2012) and this is the most likely 
reason for the lack of amplification in the other fish from the Singapore and 
the Sri Lanka consignments. 
 
For Survey 1c, a total of 51 individuals which represented six separate 
species were collected during the quarantine period and submitted from WA 
Fisheries (Table 4). DGIV DNA was successfully extracted and amplified from 
both paraffin and ethanol-fixed fish tissues. DGIV was confirmed in a large 
proportion of Red tiger oscar (Astronotus ocellatus), Dwarf gourami (Colisa 
lalia) and Blue ram (Microgeophagus ramirezi) (Table 4).  
 
From Survey 2a, six consignments of various gourami species from four 
different wholesale enterprises were obtained for DGIV testing (Table 5). 
DGIV was readily detected in five of six consignments. The total prevalence 
for the positive consignments ranged from a low of 5.7% (1.6-14.0; 95% CI) to 
a high of 36.2% (28.6-44.4; 95% CI). The consignment where DGIV was not 
detected consisted of both Dwarf and Honey gourami (Colisa chuna) with the 
upper limit equal to 4.6% (Table 5). For all consignments from the survey of 
wholesalers, the highest prevalence of DGIV was detected in Pearl gourami 
(Trichogaster leeri) at nearly 30%, followed by Blue/gold gourami at 19% 
(Table 3). At least one individual from each species of gourami tested in this 
survey was positive for DGIV with the exception of the two consignments of 
Honey gourami (Table 3). 
 
From the survey of domestic ornamental fish producers (Survey 3), a total of 
three farms were tested for evidence of DGIV. The two farms based in NSW 
produced goldfish and guppies (Poecilia reticulata), while the farm from 
Queensland produced goldfish, a variety of gourami species and platy 
(Xiphophorus maculatus) (Table 6). DGIV was detected in 4 of the 140 platy 
sampled from the farm in Queensland (Figure 4, 5; Table 6). The detection of 
DGIV was confirmed with all four isolates from the farmed platy having 
identical sequences within the primer regions for the MCP gene fragment (167 
bp) with each other and other ISKNV-like megalocytiviruses available in 
GenBank (Figure 6). Only two of four platy isolates could be amplified using 
conventional PCR targeting the IRB6 and ATPase genes. Sequencing of 
these PCR products confirmed the previous results as being an ISKNV-like 
megalocytivirus. As DGIV is nationally notifiable, a detailed laboratory report 
was provided to the submitting veterinarian, the CVO offices for Queensland 
and NSW and DAFF. Sample material from each positive platy was submitted 
to the Australian Fish Disease Laboratory at AAHL for testing and confirmed 
our results. The gourami species from the Queensland farm were held at a 
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separate location and all tested negative but samples sizes were low. Three 
consignments of guppy were collected from two different farms in NSW (Table 
6). All 89 guppies that were tested were considered negative for DGIV. 
 
For the survey of wild populations of fish (Survey 5), Blue/gold gourami were 
collected in Queensland from locations located around Sheepstation Creek, 
approximately 65 km east-southeast of Townsville and the nearby lower 
Burdekin delta. In 2011, two seasonal samplings were completed, with a total 
of 668 fish available for testing. All fish were negative for the detection of 
DGIV (Table 7). 
 
Small numbers of ornamental fish of nine different species were collected for 
the opportunistic survey of retail outlets (Survey 7). DGIV was detected in six 
species, including Dwarf gourami, Sailfin molly (Poecilia latipinna), Guppy, 
Molly (Poecilia sphenops), Angelfish (Pterophyllum scalare) and Platy (Table 
8). These results are in alignment with the findings from Whittington et al. 
(2009). 
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Table 2. Summary of ornamental fish that were imported directly to the USYD QAP for the molecular detection of DGIV (Survey 1a). 
 

Export 
country 
(USYD 

accession 
no.) 

Date 
received 
at USYD 

Species Common name 
Mean 

weight 
± SE (g) 

Mean total 
length 

± SE (mm) 

Proportion of 
qPCR 

positive fish 

Percent 
positive (95% 
confidence 

interval) 

Proportion of 
consignment 

positive 
(%; 95% CI) 

Indonesia 
(11/071) 

March 
2011 

Colisa lalia Dwarf gourami 1.3 ± 0.0 38.0 ± 0.3 104/154 67.5 (4.9-59.5) 191/368 
 

(51.9; 46.7-57.1) 
Trichogaster leeri Pearl gourami 2.3 ± 0.0 54.0 ± 0.5 37/108 34.3 (25.4-44.0) 

Trichogaster trichopterus Blue/gold gourami 3.5 ± 0.2 58.1 ± 1.4 50/106 47.2 (7.1-37.4) 
         

Singapore 1 
(11/048) 

February 
2011 

Colisa lalia Dwarf gourami 3.0 ± 0.0 49.6 ± 0.2 0/97 0 (0-3.7) 
19/312 

 
(6.1; 3.7-9.3) 

Helostoma temminkii Kissing gourami 1.0 ± 0.0 50.0 ± 0.0 0/51 0 (0-7.0) 
Trichogaster leeri Pearl gourami 1.9 ± 0.0 53.4 ± 0.4 0/55 0 (0-6.5) 

Trichogaster trichopterus Blue/gold gourami 3.1 ± 0.1 57.4 ± 0.6 19/109 17.4 (5.9-10.8) 
         

Singapore 2 
(11/062) 

March 
2011 

Colisa lalia Dwarf gourami 2.7 ± 0.0 47.4 ± 0.2 1/102 1.0 (0-5.3) 
52/308 

 
(16.9; 6.2-12.9) 

Helostoma temminkii Kissing gourami 1.5 ± 0.0 45.2 ± 0.3 3/51 5.9 (1.2-16.2) 
Trichogaster leeri Pearl gourami 1.5 ± 0.0 49.2 ± 0.5 0/53 0 (0-6.7) 

Trichogaster trichopterus Blue/gold gourami 4.1 ± 0.1 66.4 ± 0.5 48/102 47.1 (37.1-7.2) 

Singapore 3 
(11/232) 

November 
2011 

Colisa lalia Dwarf gourami 2.6 ± 0.0 48.2 ± 0.2 1/102 1.0 (0.02-5.3) 
59/302 

 
(19.5; 4.5-15.2) 

      
Helostoma temminkii Kissing gourami 1.4 ± 0.0 46.5 ± 0.4 36/51 70.6 (2.5-56.2) 

Trichogaster leeri Pearl gourami 2.2 ± 0.0 57.8 ± 0.3 11/49 22.4 (6.6-11.8) 
Trichogaster trichopterus Blue/gold gourami 6.2 ± 0.1 74.1 ± 0.4 11/100 11.0 (5.6-18.8) 

Sri Lanka 
(11/070) 

March 
2011 

Colisa lalia Dwarf gourami 1.8 ± 0.0 41.7 ± 0.4 0/100 0 (0-3.6) 
1/308 

 
(0.3; 0.01-1.8) 

      
Helostoma temminkii Kissing gourami 5.7 ± 0.1 68.4 ± 0.5 1/50 2.0 (0.05-10.7) 

Trichogaster leeri Pearl gourami 2.2 ± 0.0 53.7 ± 0.6 0/56 0 (0-6.4) 
Trichogaster trichopterus Blue/gold gourami 2.8 ± 0.1 57.2 ± 0.5 0/102 0 (0-3.6) 

Thailand 
(11/216) 

October 
2011 

Colisa labiosa Thick lipped gourami 0.4 ± 0.0 28.4 ± 0.2 9/134 6.7 (3.1-12.4) 

70/488 
 

(14.3; 7.8-11.4) 

      
Colisa lalia Dwarf gourami 0.7 ± 0.0 31.7 ± 0.1 4/144 3.5 (1.1-7.9) 

Helostoma temminkii Kissing gourami 2.4 ± 0.1 53.7 ± 0.5 8/53 15.1 (6.7-27.6) 
Trichogaster leeri Pearl gourami 1.3 ± 0.0 49.0 ± 0.4 0/72 0 (0-5.0) 

Trichogaster trichopterus Blue/gold gourami 5.7 ± 0.3 75.4± 1.1 48/85 56.5 (7.2-45.3) 
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Table 3. For each species, the total proportion of DGIV positive fish for all 
consignments collected prior to and immediately following quarantine (Survey 
1a and 2a). 
 

Survey 
location 
and ID Species Common name No. of 

consignments 

Proportion  
of qPCR 
positive 

fish 

Percent 
positive (95% 
confidence 

interval) 
USYD 
QAP 
1a 

Colisa labiosa Thick lipped gourami 1 9/134 6.7 (3.1-12.4) 
Colisa lalia Dwarf gourami 6 110/699 15.7 (13.1-18.7) 

Helostoma temminkii Kissing gourami 5 48/256 18.8 (14.2-24.1) 
Trichogaster leeri Pearl gourami 6 48/393 12.2 (9.1-15.9) 

Trichogaster trichopterus Blue/gold gourami 6 176/604 29.1 (25.5-32.9) 
      

Wholesaler 
2a 

Colisa chuna Honey gourami 2 0/59 0 (0-6.1) 
Colisa labiosa Thick lipped gourami 1 6/51 11.8 (4.4-23.9) 

Colisa lalia Dwarf gourami 6 7/217 3.2 (1.3-6.5) 
Helostoma temminkii Kissing gourami 2 3/30 10.0 (2.1-26.5) 

Trichogaster leeri Pearl gourami 4 48/161 29.8 (22.9-37.5) 
Trichogaster microlepis Moonlight gourami 1 3/20 15.0 (3.2-38.0) 

Trichogaster trichopterus Blue/gold gourami 3 44/231 19.0 (14.2-24.7) 
 
 
 
Table 4. Summary of the ornamental fish that were submitted as tissues fixed 
in paraffin or ethanol from Fisheries WA for the detection of DGIV. The 
samples were originally from consignments experiencing clinical signs and 
mortality that were submitted by AQIS for testing during the quarantine period 
(Survey 1c). 
 

Species Common name 
USYD 

accession 
no. 

Date 
received 
at USYD 

Tissue 
type 

Proportion 
of qPCR 

positive fish 

Percent 
positive (95% 
confidence 

interval) 
Astronotus ocellatus Red tiger oscar 10/219 16/11/10 ethanol 13/19 68.4 (43.5–87.4) 

Colisa lalia Dwarf gourami 10/134 06/07/2010 paraffin 2/3 66.7 (9.4-99.2) 

Laetacara curviceps Dwarf flag 
cichlid 10/046 23/02/2010 paraffin 0/1 0 (0-97.5) 

Metynnis argenteus Silver dollar 10/046 23/02/2010 paraffin 0/1 0 (0-97.5) 
Microgeophagus 

ramirezi Blue ram 10/219 16/11/10 ethanol 20/26 76.9 (56.3-91.0) 

Genus 
Pelvicachromis Kribensis 10/046 23/02/2010 paraffin 0/1 0 (0-97.5) 
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Table 5. Summary of the ornamental fish that were purchased from wholesalers following quarantine for the molecular detection of 
DGIV (Survey 2a). 
 

Wholesaler 
ID1 

(USYD 
Accession) 

Date received 
at USYD Species Common name 

Mean 
weight 

± SE (g) 

Mean total 
length 

± SE (mm) 

Proportion of 
qPCR positive 

fish 

Percent 
positive (95% 
confidence 

interval) 

Proportion of 
consignment 

positive 
(%; 95% CI) 

1 
(10/131) July 2010 

Colisa lalia Dwarf gourami 2.5 ± 0.1 50.1 ± 0.4 2/50 4 (0.5-13.7) 55/152 
 

(36.2; 28.6-44.4) 
Trichogaster leeri Pearl gourami 1.7 ±. 01 55.5 ± 0.7 35/51 68.6 (54.1-80.9) 
Trichogaster trichopterus Blue/gold gourami 1.5 ± 0 49.4 ± 0.7 18/51 35.5 (22.4-49.9) 

         

1 
(11/239) 

November 
2011 

Colisa labiosa Thick lipped gourami 0.9 ± 0.0 37.0 ± 0.2 6/51 11.8 (4.4-23.9) 
37/271 

 
(13.7; 9.8-18.3) 

Colisa lalia Dwarf gourami 2.7 ± 0.1 51.4 ± 0.6 4/50 8.0 (2.2-19.2) 
Helostoma temminkii Kissing gourami 1.7 ± 0.1 47.0 ± 0.9 3/20 15 (3.2-37.9) 
Trichogaster trichopterus Blue/gold gourami 2.7 ± 0.1 56.9 ± 0.4 24/150 16 (10.5-22.9) 

         
2 

(Singapore; 
10/139) 

July 2010 
Colisa lalia Dwarf gourami 2.8 ± 0.1 51.6 ± 0.6 1/17 5.9 (0.2-28.7) 

10/113 
(8.8; 4.3-15.7) Trichogaster leeri Pearl gourami 3.2 ± 0.1 62.5 ± 0.7 7/66 10.6 (4.4-20.6) 

Trichogaster trichopterus Blue/gold gourami 2.9 ± 0.1 59.6 ± 0.7 2/30 6.7 (0.1-22.1) 
         

2 
(10/172) 

September 
2010 

Colisa chuna Honey gourami 1.7 ± 0.1 41.8 ± 0.7 0/20 0 (0-16.8) 

5/83 
(6.0: 2.0-13.5) 

Colisa lalia Dwarf gourami 2.9 ± 0.1 52.3 ± 0.6 0/20 0 (0-52.2) 
Helostoma temminkii Kissing gourami 1.9 ± 0.0 47.7 ± 0.8 0/10 0 (0-30.9) 
Trichogaster leeri Pearl gourami 3.8 ± 0.2 67.0 ± 1.3 2/14 14.3 (1.8-42.8) 
Trichogaster microlepis Moonlit gourami 3.6 ± 0.2 68.7 ± 1.3 3/20 15.0 (3.2-38.0) 

         
3 (Malaysia; 

10/141) July 2010 Colisa lalia Dwarf gourami 1.8 ± 0.1 42.4 ± 0.6 0/40 0 (0-8.8) 4/70 
(5.7; 1.6-14.0) Trichogaster leeri Pearl gourami 8.0 ± 6.7 47.0 ± 1.2 4/30 13.3 (3.8-30.7) 

         
4 

(11/231) 
November 

2011 
Colisa chuna Honey gourami 0.7 ± 0.0 30.5 ± 0.3 0/39 0 (0-9.0) 0/79 

(0; 0-4.6) Colisa lalia Dwarf gourami 3.2 ± 0.1 52.2 ± 0.4 0/40 0 (0-8.8) 
1 export country was provided by the wholesaler and could not be verified 
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Table 6. Summary of ornamental fish collected from domestic aquaculture producers that were submitted for DGIV testing by qPCR 
(Survey 3). 
 

Farm ID and 
location1 

USYD Lab 
accession 

Date 
collected Species Common name 

Mean 
weight 

± SE (g) 

Mean total 
length 

± SE (mm) 

Proportion of 
qPCR positive 

fish1 

Percent positive 
(95% confidence 

interval) 
2 

Northern NSW 
10/109 May 2010 Poecilia reticulata Guppy 1.3 ± 0.1 45.8 ± 1.4 0/30 0 (0-11.6) 
10/165 August 2010 Poecilia reticulata Guppy 0.8 ± 0.2 36.1 ± 2.8 0/20 0 (0-21.8) 

         
3 

Central Coast 
NSW 

10/213 October 2010 Poecilia reticulata Guppy 0.3 ± 0.0 30.0 ± 0.0 0/44 0 (0-8.0) 

         
4 

South East 
QLD 

11/190 June 2011 Colisa chuna Honey gourami 0.5 ± 0.1 25.3 ± 1.4 0/15 0 (0-21.8) 
Colisa lalia Dwarf gourami 0.8 ± 0.1 30.4 ± 0.7 0/44 0 (0-8.0) 

Helostoma temminkii Kissing gourami 0.9 ± 0.1 36.9 ± 1.1 0/15 0 (0-21.8) 
Trichogaster leeri Pearl gourami 1.3 ± 0.1 43.1 ± 1.8 0/15 0 (0-21.8) 

Trichogaster trichopterus Blue/gold gourami 1.0 ± 0.1 35.4 ± 1.2 0/47 0 (0-7.5) 
Xiphophorus maculatus Platy 1.5 ± 0.1 39.1 ± 0.4 4/140 2.9 (0.78-7.2) 

1 farm ID numbers correspond and continue from Table 10 
 
 
Table 7. Summary of ornamental fish collected from wild populations that were submitted for DGIV testing by qPCR (Survey 5). 
 

Location USYD lab 
accession Date collected Species Common name Mean weight 

± SE (g) 

Mean total 
length 

± SE (mm) 

Proportion of 
qPCR positive 

fish 

Percent positive 
(95% confidence 

interval) 

Queensland 11/075 March 2011 Trichogaster 
trichopterus Blue/gold gourami 7.6 ± 0.1 73.8 ± 1.5 0/479 0 (0-0.77) 

Queensland 11/167 August 2011 Trichogaster 
trichopterus Blue/gold gourami 5.9 ± 0.1 68.7 ± 0.6 0/189 0 (0-1.93) 
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Table 8. Summary of ornamental fish collected from retail outlets for DGIV testing by qPCR (Survey 7). 
 

Species Common name USYD lab 
accession Date collected Location of 

retailer Origin of fish1 
Proportion of 
PCR positive 

fish 

Percent positive 
(95% confidence 

interval) 

Balantiocheilus melanopterus Silver shark 10/156 30 July 2010 Northern NSW Melbourne 0/7 0 

Colisa chuna Honey gourami Various 2008 Various Unknown 0/4 0 (0-60.2) 

Colisa lalia Dwarf gourami 10/158 30 July 2010 Northern NSW Melbourne 2/2 100 (15.8-100) 

Colisa lalia Dwarf gourami 10/065 18 March 2010 Sydney Sydney 7/10 70 (34.8-93.3) 

Colisa lalia Dwarf gourami 11/006 30 November 2010 Northern NSW Melbourne 1/2 50 (1.2-98.7) 

Colisa lalia Dwarf gourami Various 2008 Various Unknown 5/11 45.5 (16.7-76.6) 

Colisa lalia Dwarf gourami 10/159 16 July 2010 Northern NSW Melbourne and 
Brisbane 

0/1 0 (0-97.5) 

Colisa lalia Dwarf gourami 10/156 30 July 2010 Northern NSW Melbourne 0/1 0 (0-97.5) 

Colisa lalia Dwarf gourami 10/157 13 August 2010 Northern NSW Melbourne 0/2 0 (0-84.1) 

Poecilia latipinna Sailfin molly 10/157 13 August 2010 Northern NSW Melbourne 1/15 6.7 (0.16-31.9) 

Poecilia latipinna Sailfin molly 10/156 30 July 2010 Northern NSW Melbourne 0/5 0 (0-52.2) 

Poecilia reticulata Guppy 11/191 8 February 2010 QLD Queensland 2/5 40 (5.3-85.3) 

Poecilia reticulata Guppy Various 2008 Various Unknown 1/23 4.3 (0.11-21.9) 

Poecilia reticulata Guppy 10/159 16 July 2010 Northern NSW Melbourne and 
Brisbane 

0/2 0 (0-84.1) 

Poecilia reticulata Guppy 11/008 4 November 2010 Northern NSW Domestic 0/1 0 (0-97.5) 

Poecilia reticulata Guppy 11/010 4 November 2010 Northern NSW Domestic 0/2 0 (0-84.1) 

Poecilia reticulata Guppy 11/011 11 December 2010 Northern NSW Domestic 0/10 0 (0-30.8) 

Poecilia sphenops Molly 10/158 30 July 2010 Northern NSW Melbourne 2/2 100 (15.8-100) 

Poecilia sphenops Molly 10/156 30 July 2010 Northern NSW Melbourne 1/4 25 (0.63-80.6) 

Poecilia sphenops Molly 10/157 13 August 2010 Northern NSW Melbourne 1/5 20 (0.51-71.6) 
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Poecilia sphenops Molly 10/159 16 July 2010 Northern NSW Melbourne and 
Brisbane 

0/1 0 (0-97.5) 

Pterophyllum scalare Angelfish 10/163 5 July 2010 Northern NSW Unknown 1/1 100 (2.5-100) 

Pterophyllum scalare Angelfish 10/157 13 August 2010 Northern NSW Melbourne 1/3 33.3 (0.84-90.6) 

Pterophyllum scalare Angelfish 10/156 30 July 2010 Northern NSW Melbourne 0/6 0 (0-45.9) 

Trichogaster trichopterus Blue/gold gourami Various 2008 Various Unknown 0/3 0 (0-70.8) 

Trichogaster trichopterus Blue/gold gourami 10/159 16 July 2010 Northern NSW Melbourne and 
Brisbane 

0/1 0 (0-97.5) 

Trichogaster trichopterus Blue/gold gourami 11/006 30 November 2010 Northern NSW Melbourne 0/1 0 (0-97.5) 

Xiphophorus maculatus Platy 10/158 30 July 2010 Northern NSW Melbourne 6/6 100 (54.1-100) 

Xiphophorus maculatus Platy Various 2008 Various Unknown 4/7 57 (18.4-90.1) 

Xiphophorus maculatus Platy 10/157 13 August 2010 Northern NSW Melbourne 0/7 0 (0-41.0) 

Xiphophorus maculatus Platy 10/162 13 August 2010 Northern NSW Unknown 0/2 0 (0-84.1) 
1 origin is based on information provided by the retail outlet and cannot be verified 
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Figure 1. Amplification curves (average for duplicate reactions) for pDGIV-
MCP1 plasmid DNA (showing copies of starting template), genomic DGIV 
control DNA and a DGIV positive Kissing gourami (Helostoma temminkii) 
imported with Consignment 6. 
 
 
 
 

 
 
Figure 2. Agarose gel electrophoresis of DGIV DNA in tissues of imported 
gourami. Amplicons of 399 bp are present in gourami from Consignments 2, 
4, 5 and 6. 
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Figure 3. Nucleotide sequence of the partial major capsid protein (MCP) gene 
for PCR positive imported gourami, using the primers shaded in grey, with 
published megalocytivirus sequence Infectious spleen and kidney necrosis 
virus (ISKNV) and other published megalocytivirus sequences. Sequence 
acronyms are presented in Figure 6. 
  

                               
                               
ISKNV AF371960               : 
DGIV-2004 AY989901           : 
MCIV AY936203                : 
ALIV AY285745                : 
GSDIV AY285746               : 
SBIV AY310917                : 
RSIV AY310918                : 
RBIV AY532606                : 
LYCIV AY779031               : 
OSGIV AY894343               : 
Gold_gourami_(consign. 2)    : 
Pearl_gourami_(consign. 4)   : 
Kissing_gourami_(consign. 5) : 
Kissing_gourami_(consign. 6) : 
                               

                                                                                                     
         *        20         *        40         *        60         *        80         *       100 
GTTTGATGCGATGGAGACCCACTTGTACGGCGGCGACAATGCCGTGACCTACTTTGCCCGTGAGACCGTGCGTAGTTCCTGGTACAGCAAACTGCCCGTCA
.....................................................................................................
.....................................................................................................
.....................................................................................................
...........................T................................C...........G.................G........T.
...........................T................................C...........G.................G........T.
...........................T..............................................................G..........
...........................T..............................................................G..........
...........................T................................C.............................G........T.
...........................T..............................................................G..........
---------------------------------------------........................................................
-----------------------------------------............................................................
------------------------------------------...........................................................
---------------------------------------..............................................................
C50---------------->                                                                                 

                               
                               
ISKNV AF371960               : 
DGIV-2004 AY989901           : 
MCIV AY936203                : 
ALIV AY285745                : 
GSDIV AY285746               : 
SBIV AY310917                : 
RSIV AY310918                : 
RBIV AY532606                : 
LYCIV AY779031               : 
OSGIV AY894343               : 
Gold_gourami_(consign. 2)    : 
Pearl_gourami_(consign. 4)   : 
Kissing_gourami_(consign. 5) : 
Kissing_gourami_(consign. 6) : 
                               

                                                                                                     
        *       120         *       140         *       160         *       180         *       200  
CCCTGTCAAAACAGACTGGCCATGCCAATTTTGGGCAGGAGTTTAGTGTGACGGTGGCGAGGGGCGGCGACTACCTCATTAATGTGTGGCTGCGTGTTAAG
.....................................................................................................
.....................................................................................................
.....................................................................................................
....A....................T.....C..C.................T.....A.....T....................................
....A....................T.....C..C.................T.....A.....T....................................
....A....................T.....C..C.................T.....A.....T....................................
....A....................T.....C..C.................T.....A.....T....................................
....A....................T.....C..C.................T.....A.....T....................................
....A....................T.....C..C.................T.....A.....T....................................
.....................................................................................................
.....................................................................................................
.....................................................................................................
.....................................................................................................
                                                                                                     

                               
                               
ISKNV AF371960               : 
DGIV-2004 AY989901           : 
MCIV AY936203                : 
ALIV AY285745                : 
GSDIV AY285746               : 
SBIV AY310917                : 
RSIV AY310918                : 
RBIV AY532606                : 
LYCIV AY779031               : 
OSGIV AY894343               : 
Gold_gourami_(consign. 2)    : 
Pearl_gourami_(consign. 4)   : 
Kissing_gourami_(consign. 5) : 
Kissing_gourami_(consign. 6) : 
                               

                                                                                                     
       *       220         *       240         *       260         *       280         *       300   
ATCCCCTCCATCACATCCAGCAAGGAGAACAGCTACATCCGCTGGTGCGACAATCTGATGCACAATCTAGTGGAGGAGGTGTCGGTGTCATTTAACGACCT
.....................................................................................................
.....................................................................................................
.....................................................................................................
..............G.......................T........T.......................T.............................
..............G.......................T........T.......................T.............................
..........C...G.......................T........T..T...T................T.............................
..............G.......................T........T..T....................T.............................
..............G.......................T........T.......................T.............................
..............G.......................T........T..T...T................T.............................
.....................................................................................................
.....................................................................................................
.....................................................................................................
.....................................................................................................
                                                                                                     

                               
                               
ISKNV AF371960               : 
DGIV-2004 AY989901           : 
MCIV AY936203                : 
ALIV AY285745                : 
GSDIV AY285746               : 
SBIV AY310917                : 
RSIV AY310918                : 
RBIV AY532606                : 
LYCIV AY779031               : 
OSGIV AY894343               : 
Gold_gourami_(consign. 2)    : 
Pearl_gourami_(consign. 4)   : 
Kissing_gourami_(consign. 5) : 
Kissing_gourami_(consign. 6) : 
                               

                                                                                                
      *       320         *       340         *       360         *       380         *         
GGTGGCACAGACCCTCACCAGCGAGTTCCTTGACTTCTGGAACGCCTGCATGATGCCCGGCAGCAAACAGTCTGGCTACAACAAGATGATTGGCAT
................................................................................................
................................................................................................
................................................................................................
...............G....................T....................T...........A..........................
...............G....................T....................T...........A..........................
...............G....................T....................T...........A..........................
...............G....................T....................T...........A..........................
...............G....................T....................T...........A..........................
...............G....................T....................T...........A..........................
..................................................----------------------------------------------
..................................................----------------------------------------------
..................................................----------------------------------------------
..................................................----------------------------------------------
                                                                         <-------------------C51
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Figure 4. Amplification curves (average for duplicate reactions) for pDGIV-
MCP1 plasmid DNA (showing copies of starting template), genomic DGIV 
control DNA and a DGIV positive samples (SVC 11/190: 20.6, 20.19, 20.23 
and 20.24) from the farmed Platy (Xiphophorus maculatus). 
 
 

 
 

 
Figure 5. Agarose gel electrophoresis of DGIV DNA in tissues of farmed Platy 
(Xiphophorus maculatus). (SVC 11/190: 20.6, 20.9, 20.23 and 20.24) 
amplified by qPCR (as above). Amplicons of 167 bp are present in all DGIV 
positive samples and the corresponding genomic DGIV control DNA. 
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Figure 6. Nucleotide sequence alignments for the MCP gene fragment of the 
qPCR positive platy (Xiphophorus maculatus) with published megalocytivirus 
reference isolates.  
 
RSIV = red sea bream iridovirus (GenBank accession: AB104413) 
LYCIV = large yellow croaker iridovirus (GenBank accession: AY779031) 
OSGIV = orange spotted grouper iridovirus (GenBank accession: AY894343) 

            
            
RSIV      : 
LYCIV     : 
OSGIV     : 
RBIV      : 
SBIV      : 
GSDIV     : 
ISKNV     : 
DGIV-2004 : 
MCIV      : 
DGIV      : 
ALIV      : 
BCIV      : 
TRBIV     : 
FLIV      : 
Platy_1   : 
Platy_2   : 
Platy_3   : 
Platy_4   : 
            

                                                                              
80         *       100         *       120         *       140         *      
TATGGCGGCGACAATGCCGTGACCTACTTTGCCCGCGAGACCGTGCGGAGTTCCTGGTACAGCAAGCTGCCCGTTACC
...............................................T..............................
...................................T...........T..........................C...
...................................T...........T..........................C...
..............................................................................
..............................................................................
..C................................T...........T.................A........C...
..C................................T...........T.................A........C...
..C................................T...........T.................A........C...
..C................................T...........T.................A........C...
..C................................T...........T.................A........C...
..C................................T...........T.................A.....T..C...
..C....................A.......................T.................A..A.....C...
..C....................A.......................T.................A..A.....C...
------------------.................T...........T.................A........C...
-----------N....TNC................T...........T.................A........C...
----------TA.TGT...................T...........T.................A........C...
-------------......................T...........T.................A........C...
                                                                              

            
            
RSIV      : 
LYCIV     : 
OSGIV     : 
RBIV      : 
SBIV      : 
GSDIV     : 
ISKNV     : 
DGIV-2004 : 
MCIV      : 
DGIV      : 
ALIV      : 
BCIV      : 
TRBIV     : 
FLIV      : 
Platy_1   : 
Platy_2   : 
Platy_3   : 
Platy_4   : 
            

                                                                              
 160         *       180         *       200         *       220         *    
CTATCAAAACAGACTGGCCATGCTAATTTCGGCCAGGAGTTTAGTGTGACTGTGGCAAGGGGTGGCGACTACCTCATT
..............................................................................
..............................................................................
..............................................................................
..............................................................................
..............................................................................
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G..............C..G.....G.....................
..G....................C..........................G.....C.....................
..G....................C..........................G.....C.....................
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
..G....................C.....T..G.................G.....G.....C...............
                                                                              

            
            
RSIV      : 
LYCIV     : 
OSGIV     : 
RBIV      : 
SBIV      : 
GSDIV     : 
ISKNV     : 
DGIV-2004 : 
MCIV      : 
DGIV      : 
ALIV      : 
BCIV      : 
TRBIV     : 
FLIV      : 
Platy_1   : 
Platy_2   : 
Platy_3   : 
Platy_4   : 
            

                                                                              
   240         *       260         *       280         *       300         *  
AATGTGTGGCTGCGTGTTAAGATCCCCTCCATCACGTCCAGCAAGGAGAACAGCTACATTCGCTGGTGTGACAATCTG
..............................................................................
.......................................................................T...T..
.......................................................................T......
..............................................................................
..............................................................................
...................................A.......................C........C.........
...................................A.......................C........C.........
...................................A.......................C........C.........
...........................................................C........C.........
...................................A.......................C........C.........
...................................A................................C.........
...................................A...........A..............................
...................................A...........A..............................
....................N...A-----------------------------------------------------
....................A...AG----------------------------------------------------
....................A...A-----------------------------------------------------
........................------------------------------------------------------
                                                                              

C1073 forward primer

C1074 reverse primer
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RBIV = rock bream iridovirus (GenBank accession: AY532606) 
SBIV = sea bass iridovirus (GenBank accession: AY310917) 
GSDIV = grouper sleepy disease iridovirus (GenBank accession: AY285746) 
ISKNV = infectious spleen and kidney necrosis virus (GenBank accession: AF371960) 
DGIV–2004 = dwarf gourami iridovirus (GenBank accession: AY989901) 
MCIV = Murray cod iridovirus (GenBank accession: AY936203) 
DGIV = dwarf gourami iridovirus (GenBank accession: AY295744) 
ALIV = African lampeye iridovirus (GenBank accession: AY285745) 
BCIV = Banggai cardinalfish iridovirus (GenBank accession: EU753255) 
TRBIV = turbot reddish body iridovirus (GenBank accession: GQ273492) 
FLIV = flounder iridovirus (GenBank accession: AY633992) 
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II. Results relating to the detection of CyHV2 
 
Objectives 2, 4 and 6 were developed to determine if CyHV2 was passing 
undetected through quarantine and then to assess to what extent the virus 
had been spread throughout goldfish populations. Surveys 1b, 2b, 4, 6 and 7 
relate to these objectives (Table 1). 
 
The initiation of Survey 1b was delayed due the considerable industry 
opposition and being unable to find a wholesaler with an existing QAP that 
would import fish to support the project. As described above, the decision to 
import ornamental fish directly from overseas was made quickly in 
consultation with DAFF and AQIS. The application process took nearly one 
year and was granted in October 2010.  
 
During this time, other project objectives were moved forward to ensure 
efficient use of laboratories and staff time. Consequently, CyHV2 was 
detected at a large goldfish farm in Victoria on two occasions and at a smaller 
farm on the NSW Central Coast. In the same period, the virus was also 
detected in wild goldfish populations in the ACT. These results are further 
discussed below. There was no longer a need to demonstrate whether fish 
infected with the virus were passing through quarantine undetected. CyHV2 is 
now considered endemic in Australia and the need for imported goldfish to be 
declared free of the viral infection is no longer required by AQIS (Appendix 5; 
BAA 2011/16). 
 
For Survey 2b, three consignments of goldfish were received from 
wholesalers consisting of domestically produced and imported fish (Table 9). 
CyHV2 was detected in all three consignments. The prevalence of CyHV2 
detection was 6% (1.6-16.5; 95% CI) in the goldfish that recently completed 
quarantine and were ready for dispersal to retail outlets (Table 9). 
 
Four goldfish farms participated in Survey 4 for the detection of CyHV2 in 
domestic production. CyHV2 was repeatedly detected at two farms located in 
Victoria (Farm 1) and the Central Coast, NSW (Farm 3) and was not detected 
at two others (Farm 2 and 4). Initially, CyHV2 was detected at Farm 1 located 
in Victoria (Table 10; Figure 7, 8). This confirmed that CyHV2 was endemic in 
Australia in one very large goldfish farm (Figure 9). Farm 1 has traded for 
several decades and is considered to be an open system with respect to 
movement of fish and it distributes fish widely in Australia. The prevalence of 
CyHV2 at the Victorian farm was 2.7% from two seasonal samples. For Farm 
3 based at the NSW Central Coast, the prevalence of CyHV2 detection at the 
first sample point was 6%. However the prevalence was much higher (33-
38%) from the subsequent samplings. The owner of Farm 3 reported that 
goldfish from Farm 1 were brought to the farm between the first and second 
sampling period.  
 
Farm 2 located in northern NSW was considered to be free of CyHV2. The 
virus was not detected in four seasonal samples collected during 2010-2011. 
The owner reported that the farm was closed to the importation of goldfish. 
Also, CyHV2 was not detected in the single sample of goldfish collected from 
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Farm 4 (Table 10). Several attempts were made to complete subsequent 
sampling at Farm 4. However, the farm declined further involvement with the 
project. 
 
Wild goldfish were collected from peri-urban and rural areas from the ACT 
and Victoria and submitted for CyHV2 testing (Survey 6). CyHV2 was 
detected in goldfish caught in Cotter Reservoir in October 2010 and again 
during March 2011 (Table 11; Figure 10). Also, CyHV2 was detected in 
goldfish caught in Victoria on two samplings from the Ovens River and one 
sample from the Murray River (Table 11; Figure 10). Remarkably for wild 
populations, the detection prevalence ranged from 6-7% in the ACT to 37% in 
the Ovens River.  
 
Ten consignments of goldfish were opportunistically collected from retail 
outlets during the project (Survey 7). CyHV2 was detected in six of these 
consignments with prevalence ranging from 100% to 50% (Table 12). These 
results were consistent with the findings from FRDC 2007/007 Aquatic Animal 
Health Subprogram: optimisation of PCR tests for diagnosis of 
megalocytivirus (gourami iridovirus) and cyprinid herpesvirus 2 (goldfish 
herpesvirus). 
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Table 9. Summary of results for goldfish (Carassius auratus) that were purchased from wholesalers following quarantine (Survey 
2b). 
 

Wholesaler ID1 
(USYD lab 
accession) 

Date received at 
USYD 

Location of 
premise Origin of fish2 Mean weight 

± SE (g) 
Mean total 

length 
± SE (mm) 

Proportion of qPCR 
positive fish 

Percent positive (95% 
confidence interval) 

1 
(10/131) July 2010 North Sydney Domestic 5.0 ± 0.1 75.5 ± 0.7 1/38 pools (n=152)3 0.066 (0.02-3.65) 

2 
(10/139) July 2010 QLD Domestic 5.5 ± 0.2 75.1 ± 0.8 9/180 5 (2.3-9.3) 

5 
(10/143) July 2010 North Sydney Singapore 4.42 ± 0.1 48.3 ± 0.5 3/50 6 (1.6-16.5) 

1 wholesaler ID numbers correspond and continue from Table 5 
2 origin was provided by the wholesaler and could not be verified 
3 prevalence was calculated using EpiTools calculator for fixed pool size and assuming perfect tests with the total number tested in 
brackets 
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Table 10. Summary of goldfish (Carassius auratus) collected from domestic aquaculture producers that  
were submitted for CyHV2 testing (Survey 4). 
 

Farm ID and 
Location1 

USYD Lab 
Accession 

Date 
Collected 

Mean weight 
± SE (g) 

Mean total 
length 

± SE (mm) 

Proportion of 
qPCR positive fish 

Percent positive 
(95% confidence 

interval) 
1 

Victoria 
10/125 June 2010 8.3 ± 0.8 69.2 ± 2.1 4/150 2.7 (0.73-6.7) 
11/124 May 2011 10.2 ± 1.2 68.7 ± 2.7 4/150 2.7 (0.73-6.7) 

2 
Northern NSW 

      
10/109 May 2010 6.6 ± 1.0 62.3 ± 1.9 0/151 0 (0-2.4) 
10/165 August 2010 4.1 ± 0.72 67.5 ± 4.62 0/158 0 (0-2.3) 
11/005 January 2011 1.6 ± 0.1 48.7 ± 0.9 0/150 0 (0-2.4) 
11/189 June 2011 5.0 ± 0.7 63.3 ± 1.5 0/150 0 (0-2.4) 

       
3 

Central Coast 
NSW 

10/213 October 2010 3.4 ± 0.4 51.8 ± 2.1 10/167 6.0 (2.9-10.7) 
11/123 April 2011 3.0 ± 0.1 53.2 ± 0.8 86/224 38 (32-45.1) 
12/032 February 2012 4.7 ± 0.2 63.9 ± 1.0 50/150 33 (25.9-41.5) 

       
4 

South East QLD 11/190 June 2011 3.7 ± 0.3 50.3 ± 1.7 0/124 0 (0-2.9) 
1 farm ID numbers correspond and continue from Table 6 
2 weight and length measurements were recorded for first 15 fish sampled 
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Table 11. Summary of goldfish (Carassius auratus) collected from wild populations that were submitted for CyHV2 testing (Survey 
6). 
 

Location USYD lab 
accession 

Latitude and longitude 
coordinates Date collected 

Mean 
weight 
± SE (g) 

Mean total 
length 

± SE (mm) 

Proportion 
of qPCR 

positive fish 

Percent 
positive (95% 
confidence 

interval) 

Cotter Reservoir ACT 11/120 -35.3179, 148.9284 27-28 October 2010 29.1 ± 3.1 79.8 ± 3.2 9/146 6.2 (2.9-11.4) 
1-2 March 2011 26.4 ± 2.4 105.3 ± 2.8 14/198 7.1 (3.9-11.6) 

        
Ovens River, VIC 11/205 -36.4100, 146.4502 January 2011 148 ± 19.8 207.3 ± 15.0 0/8 0 (0-36.9) 

-36.5020, 146.6047 April 2011 38.9 ± 9.7 110.9 ± 9.1 15/41 36.6 (22.1-53.1) 
-36.0893, 146.2191 October 2011 65.2 ± 8.0 147.8 ± 7.5 1/15 6.7 (1.7-31.9) 

        
Murray River, VIC 11/205 -35.9675, 145.8483 June 2011 26.7 ± 5.4 87.9 ± 3.0 8/75 10.7 (4.7-19.9) 

Dartmouth, 8 Mile Creek, VIC 11/205 -36.6042, 147.5409 Feb 2011 17.5 ± 3.0 100.3 ± 4.8 0/4 0 (0-60.2) 
Nagambie/Murchison Region, VIC 11/205 -36.665, 145.1724 Feb 2011 9.9 ± 3.2 67.8 ± 7.0 0/19 0 (0-17.6) 

Hughes Creek, VIC 11/205 -36.9080, 145.2345 March 2011 33.4 ± 10.4 121.0 ± 10.3 0/5 0 (0-52.2) 
Lance Creek, VIC 11/205 -38.5176, 145.6774 April 2011 24.0 ± 3.4 110.3 ± 5.1 0/7 0 (0-41.0) 
Buffalo River, VIC 11/205 -36.5545, 146.6860 April 2011 22.9 ± 1.9 105.0 ± 5.0 0/2 0 (0-84.1) 

VIC 11/205 unknown unknown 120.0 ± 13.5 182.0 ± 8.4 0/13 0 (0-24.7) 
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Table 12. Summary of goldfish (Carassius auratus) collected from retail outlets for CyHV2 testing (Survey 7). 
 

USYD Lab 
Accession Date Collected Location of retailer Origin of fish1 Proportion of PCR 

positive fish 
Percent positive (95% 
confidence interval) 

10/156 30 July 2010 Northern NSW Melbourne 30/30 100 (88.4-100) 

10/157 13 August 2010 Northern NSW Melbourne 29/29 100 (88.1-100) 

10/158 30 July 2010 Northern NSW Melbourne 29/30 96.7 (82.8-99.9) 

10/163 5 July 2010 Northern NSW Unknown 3/5 60 (14.7-94.7) 

10/159 16 July 2010 Northern NSW Melbourne and Brisbane 1/2 50 (1.2-98.7) 

11/012 4 November 2010 Northern NSW Domestic 1/2 50 (1.2-98.7) 

10/160 30 July 2010 Northern NSW Unknown 0/9 0 (0-33.6) 

10/162 13 August 2010 Northern NSW Unknown 0/1 0 (0-97.5) 

11/007 4 November 2010 Northern NSW Melbourne 0/1 0 (0-97.5) 

11/009 4 November 2010 Northern NSW Melbourne 0/1 0 (0-97.5) 
1 origin was provided by the retail outlet owner or manager and could not be verified 
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Figure 7. Amplification curves for the plasmid control pCyHV-2-DNApol (serial 
dilution) and a CyHV2 positive sample (SVC 10/125-24) from the survey of 
domestic farms.  
 
 
 
 

 
 
Figure 8. Agarose gel electrophoresis of CyHV2 DNA in tissues of farmed 
goldfish (SVC 10/125-24), (1), molecular weight marker (M), control DNA (2), 
pCyHV-2-DNApol plasmid DNA (3) and no template control (4). Amplicons are 
of (A) 401 base pairs (bp) and (B) 121 bp for the DNApol gene (See Appendix 
3 for primer details). 
  

10/125-24
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400 bp
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Figure 9. Nucleotide sequence alignment for the partial DNA polymerase 
gene for CyHV2 (GenBank: DQ085628.1) compared with a positive goldfish 
from a domestic farm (10/025-24). Primer pair sequences are shown in colour 
with name and direction indicated above. 
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Figure 10. Sites of collection of wild goldfish (Carassius auratus) in 2010 and 
2011 with positive detection of CyHV2. 
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Objective 7: To determine whether domestic goldfish free of CyHV2 
succumb to disease when cohabitated with imported goldfish carrying 
CyHV2 
 
As described above, it was reported anecdotally that goldfish from a farm in 
northern NSW experienced high levels of mortality once they entered the 
retail environment. It was suggested that the cause of mortality was related to 
CyHV2. The objective of the cohabitation trials was to determine whether 
domestic goldfish free of CyHV2 succumb to disease when cohabitated with 
goldfish carrying CyHV2.  
 
To complete this objective the research steps were: 
i. provide tissues containing CyHV2 for use in the in vivo amplification of the 

virus 
ii. in vivo amplification of CyHV2 to generate a volume of homogenous 

pathogenic inoculum for transmission study 
iii. complete transmission trials to compare the susceptibility of goldfish from 

a naïve and an endemic farm to CyHV2 via cohabitation exposure 
 
i: Identify and verify tissues containing CyHV2 
 
From the archive of CyHV2 positive goldfish, we selected one submission of 
goldfish from the retail survey which demonstrated a high prevalence and a 
high viral load during the original testing in 2010 (USYD lab accession 10/156, 
Table 12). Quantification of viral DNA from the tissue homogenates was 
calculated as the copy number per 5 µl of template DNA and interpolated from 
the plasmid DNA standard curve, with a reaction efficiency of 90 to 110%. 
Moreover, sequence data were obtained from this submission and the virus in 
fish tissues was confirmed to be CyHV2. At the time of submission, the 
retailer had reported dead and moribund goldfish. The DNA was re-extracted 
from the tissue homogenates (1:10 filtered tissue homogenate with antibiotics) 
and re-tested for CyHV2 from the 10 individual goldfish with the highest copy 
number in 2010. Following this, the tissue homogenate from the five goldfish 
with the highest copy number from the second extraction were pooled and 
retested for CyHV2 (Table 13). This pooled tissue homogenate had a copy 
number equal to 1 x 107 and was used as the inoculum for the in vivo 
amplification of CyHV2 (see Trial 1 below).  
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Table 13. Quantification of CyHV2 in moribund goldfish from a retail outlet 
selected for use in the in vivo amplification trial. Values represent an average 
of duplicate reactions. 
 

UYSD lab 
accession no. 

Ct value 
(original) 

Viral load 
expressed as 
copy number 

(original) 

Ct value 
(2nd extraction) 

Viral load 
expressed as 
copy number 

(2nd extraction) 
10/156-7 16.16 4.34 x 107 16.44 2.58 x 107 
10/156-10 14.44 1.26 x 108 16.67 2.21x 107 
10/156-29 16.46 3.57 x 107 17.29 1.50 x 107 
10/156-12 15.98 4.79 x 107 17.52 1.39 x 107 
10/156-26 17.14 1.17 x 107 17.59 1.25 x 107 

 
ii: in vivo amplification of CyHV-2 
 
Trial 1: Archived tissue homogenate from moribund/dead goldfish collected 
from a retail outlet in 2010 
 
Next, it was necessary to generate a volume of CyHV2 infective tissue to 
serve as the challenge inoculum for the transmission trials. Eight goldfish (10 
cm standard length ca.) were obtained from a hatchery in northern NSW with 
no previous history of CyHV2 (see Table 10). The fish were housed in a glass 
aquarium (120 L) with an established biological filter and maintained at 22°C. 
Each fish was anaesthetised, weighed, measured and given an intraperitoneal 
injection of 100 µL of the pooled tissue homogenate (from Table 13). Fish 
were inspected once to twice daily for signs of morbidity and maintained for 
up to 28 days.  
 
No mortalities occurred during the 28 day observation period. On day 28 post 
injection (PI), fish were euthanized and sampled. All eight goldfish were 
negative for CyHV2 by qPCR. The inoculum used in this trial was from 
goldfish collected from a retail outlet, where the precise handling of the dead 
and moribund fish was unknown. It was speculated that this could have led to 
inactivation of virus. 
 
Trial 2: Archived tissue homogenate from apparently healthy goldfish 
collected in 2012 from a NSW farm 
 
Due to the lack of evidence of CyHV2 infection in Trial 1, we selected a 2012 
positive laboratory accession (SVC 12/032) from a targeted sampling day at a 
goldfish farm for in vivo amplification. As above, homogenates with the 
highest copy numbers were pooled, and re-tested by qPCR (Table 14). As 
above, eight goldfish from a farm with no history of CyHV2 were held and 
injected with 100 µL of inoculum. No mortalities occurred during the 28 day 
observation period. On day 28 PI, fish were euthanized and sampled for 
CyHV2. All eight goldfish were negative for CyHV2 by qPCR. 
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Table 14. Quantification of CyHV2 in apparently healthy goldfish from a 
domestic farm selected for use in the second in vivo amplification trial. Values 
represent an average of duplicate reactions. 
 

USYD lab 
accession no. 

Ct value 
(original) 

Viral load 
expressed as 
copy number 

(original) 

Ct value of 
pooled 

inoculum 

Viral load 
expressed as 
copy number 

12/032-70 24.50 3.80 x 104 

29.63 1.20 x 104 
12/032-72 22.56 1.40 x 105 
12/032-75 25.94 1.43 x 104 
12/032-77 25.68 1.70 x 104 
12/032-95 25.14 3.90 x 104 

 
Trial 3: Effect of a temperature stressor on inducing CyHV2 in goldfish 
 
Interestingly, apparently healthy and moribund goldfish have been reported to 
have similar viral densities with up to 107 copies per µg DNA (Goodwin et al. 
2009). Clinical outbreaks of CyHV2 have been associated with sudden and 
severe drops in water temperature of at least 10°C, such as those 
experienced by goldfish during times of transportation between farms and 
retail outlets (Goodwin et al., 2009). The objective of this trial was to induce 
clinical disease in goldfish from a farm with a history of CyHV2 by exposing 
them to a cold shock following an IP-injection with the virus or by cohabitation.  
 
A group of 120 goldfish representing two different strains (Strain A = 40 and 
Strain = 80) were obtained from a farm in NSW with a history of CyHV2 (Table 
10). The farm owner reported that the fish were collected from ponds with 
water temperatures around 15°C. Upon arrival at Camden, 10 fish from each 
strain (A and B) were randomly selected and tested for CyHV2. Two fish from 
Strain A were positive for CyHV2 detection by qPCR. In separate tanks for 
each strain, half of the fish were held at 18°C to serve as a control group and 
the other half were held at 28°C for 7 days. Five fish from each of the 28°C 
tanks were injected with 100 µL of inoculum (same homogenate as Trial 1). 
Following the injection, all fish (injected and tank-mates) held at 28°C were 
immediately transferred to an identical tank held at 18°C. The control groups 
and the treatment tanks consisting of injected and cohabitating fish were 
observed for clinical signs, morbidity and mortality for 60 days.  
 
No mortality was observed in any of the tanks. After 60 days, all fish were 
euthanized and sampled for CyHV2 testing. From the cold shock group for 
Strain A, 2 of the 25 cohabitating goldfish were positive for CyHV2 by qPCR. 
As these fish were from a farm with a previous history of Cy-HV2, they may 
have been sub-clinical carriers prior to experimentation. All other treated and 
control fish were negative. The cold shock did not induce disease or lead to 
the development of a sub-clinical carrier state following IP-injection or 
cohabitation exposure to CyHV2. 
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iii: Complete transmission trials to compare the susceptibility of 
goldfish from a naïve and an endemic farm to CyHV2 via cohabitation 
exposure 
 
Trial 4: Cohabitation experiment to mimic retail outlets 
 
The original anecdotal observation arose from the mixing of domestically 
farmed goldfish with those from imported sources at retail outlets. We 
purchased 20 goldfish consisting of 10 comets and 10 fantails from a retail 
outlet in Campbelltown, NSW and one moribund goldfish (comet) was 
collected at the same time. The following day, five fish from each variety were 
randomly selected and tested by qPCR for CyHV2. Two of the fantail goldfish 
and the moribund comet goldfish were positive for CyHV2. An additional 12 
comets and 11 fantails were collected (48 hours after the original purchase) 
from the same tanks. The store manger had reported that no new fish had 
been received since the original collection. 
 
A total of 17 comet and 16 fantail goldfish from the retail outlet were 
separately cohabitated (held as described in Trial 1) with each of 10 goldfish 
sourced from a farm with no history of CyHV2. Goldfish were visually 
distinguished from the farmed fish based on their colour and fin morphology. 
As a final attempt to induce a clinical infection, 10 naive goldfish were each 
injected with 70 µL of pooled homogenate from the three CyHV2 positive fish 
(2 healthy and one moribund) collected from the retail outlet (Table 15). Fish 
were observed daily to twice daily for signs of morbidity and mortality for 60 
days. All surviving fish were sampled on the final day for qPCR testing for 
CyHV2 detection. 
 
Table 15. Quantification of CyHV2 in goldfish from a retail outlet selected for 
use in the in vivo amplification in Trial 4. Values represent an average of 
duplicate reactions. 
 

USYD lab 
accession no. Ct value 

Viral load 
expressed as 
copy number 

12/135-1 
(moribund) 34.16 9.68 x 102 

12/135-9 33.07 2.09 x 103 
12/135-11 33.65 1.44 x 103 

 
A total of 19 goldfish died during the observation period with three fish from 
the retail outlet testing positive for CyHV2 (Table 16). The other fish were 
presumed to have died from other causes, although no other diagnostic 
procedures were undertaken. The virus was detected in two goldfish from the 
retail outlet that were sampled on Day 60. All of the cohabitating farm-sourced 
goldfish that either died or were sampled on the final day were negative for 
CyHV2 by qPCR. Furthermore, none of the injected goldfish from the farm 
with no history of CyHV2 died during the 60 day observation period and 
CyHV2 was not detected in any of these fish.  
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Our results did not confirm the anecdotal observation of farmed fish 
succumbing to CyHV2 associated disease when in contact with goldfish from 
other sources. As CyHV2 was the only pathogen we sought to confirm using 
an objective test, we cannot rule out the presence of other pathogens which 
might be transferred between fish from the different sources. 
 
 
Table 16. Summary of the number of CyHV2 positive goldfish following 
cohabitation of goldfish from a domestic farm and a retail outlet (Trial 4). 
 

Tank No. 
Goldfish 
variety 

(source) 

Proportion 
died 

No. died 
that were 

CyHV2 
positive 

Proportion 
alive on day 

60 

No. alive 
that were 

CyHV2 
positive 

Tank 1 
Comet 
(retail) 8/17 2 9/17 2 

Comet (farm) 2/10 0 8/10 0 
      

Tank 2 

Fantail 
(retail) 6/16 1 11/16 0 

Comet 
(farm)* 3/8 0 5/8 0 

* qPCR testing was not completed on two fish due to non-viable tissue samples 
 
 
Objective 8: To extend the findings of this study to the ornamental fish 
sector in Australia to provide information for use by DAFF. 
 
The project team provided advice to DAFF as requested. Milestone Reports 
were provided to DAFF Animal Biosecurity – Aquatic Animals (Dr Geoff 
Grossel) during the project. As highlighted above, importation conditions for 
goldfish with respect to freedom of CyHV2 were removed in 2011 based on 
the findings of this project. Throughout the project, consultative discussions 
were held with staff from DAFF at their request with the research leaders 
(Becker and Whittington). Also, Professor Richard Whittington has provided 
informal advice to DAFF on several occasions regarding testing procedures to 
detect ornamental fish viruses, in particular those belonging to the genus 
Megalocytivirus. The project team members Becker, Whittington, Tweedie 
and Landos provided advice to assist staff at Queensland DAFF following the 
detection and notification of megalocytivirus in the farmed platy. Laboratory 
reports with results were made available to the ornamental fish farms.  
 
See Appendix 4 for a list of publications relating to this project. 
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Overall final discussion 
 
Objective 1: To determine whether DGIV is entering Australia despite 
quarantine practices 
 
Findings from Survey 1a revealed that five species of gourami commonly 
exported from South-East Asia and South Asia are arriving at Australia’s 
border with megalocytivirus infections. Sequence information provided 
confirmation that the isolates were ISKNV-like megalocytivirus. This indicated 
that the pre-importation conditions were not sufficient to detect fish with DGIV 
infections and prevent them from arriving at Australia’s border. 
 
Findings from Survey 1c indicated that sick and moribund fish with 
megalocytivirus infections were being identified during the quarantine period 
by AQIS. However, detection of DGIV infections in post-quarantine fish from 
wholesalers (Survey 2) mirrored the results from the pre-quarantine samples. 
Megalocytivirus infections were found in five of six consignments of fish from 
wholesalers. This suggested that quarantine was ineffective at detecting and 
removing DGIV infected fish. Six species of gourami were positive for DGIV 
with species belonging to the Genus Trichogaster having consistently high 
prevalence (e.g. 15-30% positive). 
 
Objective 2: To determine whether CyHV2 is entering Australia despite 
quarantine practices 
 
During the early stages of the project, CyHV2 was identified in goldfish from 
two domestic producers and from wild populations collected in the ACT. 
Presumably, goldfish with CyHV2 infections have passed quarantine and 
entered the domestic goldfish population and the virus has spread through 
live fish trading. Based on these findings, CyHV2 is now considered endemic 
in Australia (Survey 1b). 
 
Objective 3: To determine whether DGIV is already established in farmed 
gourami in Australia 
 
Finding ornamental fish producers was a challenge throughout the project for 
Survey 3. Ornamental fish from three farms were tested for the presence of 
DGIV. The virus was found in platy from one farm located in Queensland. 
Sequence information provided confirmation that the isolates were ISKNV-like 
megalocytivirus. This farm did not possess an aquaculture permit and would 
have continued trading in this manner until the detection of a notifiable 
disease. DGIV was not found in guppies from the two other farms. 
 
Objective 4. To determine whether CyHV2 is already established in farmed 
goldfish in Australia 
 
A total of four farms supplied goldfish for CyHV2 testing and the virus was 
repeatedly found at two farms. The virus is considered endemic at these two 
farms. One farm is considered the largest producer and distributor of goldfish 
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in Australia and the other is smaller with most of their fish going to Sydney-
based retail outlets. During the project, only one farm in northern NSW was 
considered free of CyHV2 with negative results in all four seasonal samples. 
A single sample of goldfish was negative from the farm in Queensland, 
however additional testing is needed in order establish if this farm is free of 
CyHV2. 
 
Objective 5: To determine whether DGIV is already established in wild 
gourami in Australia 
 
Wild populations of Blue/gold gourami were located east-southeast of 
Townsville, Queensland and two seasonal samples were collected and tested. 
All samples were negative and these wild populations were considered to be 
free of DGIV infections. 
 
Objective 6: To determine whether CyHV2 is already established in wild 
goldfish in Australia 
 
CyHV2 was detected and confirmed with sequence data from goldfish caught 
in Cotter Reservoir in October 2010 and March 2011. The virus is considered 
endemic in this population. Moreover, the virus was detected in populations of 
wild goldfish collected from the Ovens and Murray Rivers in Victoria. Fish 
from the Murray River were collected downstream of Yarrawonga Weir. It 
would be prudent to assume that this population of goldfish to the next 
physical impediment (e.g. Torrumbarry Weir) are endemically infected with 
CyHV2 infections. The same assumption should be made of goldfish 
populations in the Ovens River. 
 
Objective 7: To determine whether domestic goldfish free of CyHV2 succumb 
to disease when cohabitated with imported goldfish carrying CyHV2 
 
Four transmission trials were completed using a combination of intraperitoneal 
injection and cohabitation to induce herpesviral haematopoietic necrosis in 
goldfish from farms with and without a history of CyHV2. Naive goldfish were 
injected with a pooled inoculum that was obtained from fish that were qPCR 
positive with high viral loads (>106 copies) and that were either 
moribund/dead or apparently healthy. We were unable to induce clinical 
disease or infections associated with CyHV2 using injection or cohabitation 
transmission models with or without temperature shock. These results did not 
confirm the anecdotal observation of farmed fish succumbing to CyHV2 
associated disease when in contact with goldfish from other sources. 
 
Objective 8: To extend the findings of this study to the ornamental fish sector 
in Australia and provide information for use by DAFF 
 
Biannual milestone reports containing the research findings from the project 
were made available to DAFF and the project team provided advice to DAFF 
as requested. Midway through the project, findings from Survey 4 and 6 were 
used by DAFF to support a policy change regarding the importation conditions 
for goldfish. Laboratory reports were available to fish farms upon request. 
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Incursions of DGIV and CyHV2 in Australia 
 
In Australia, around 19 million ornamental fish are imported each year 
(Biosecurity Australia, 2010), representing an efficient system for the 
translocation of ornamental fish pathogens. Australia is one of a handful of 
countries in the world with stringent import controls for ornamental fish 
(Whittington and Chong, 2007). In particular, Australia’s controls include 
health certification at export premises and upon arrival, a visual fish health 
inspection and a quarantine period of 7 to 21 days depending on species 
(Appendix 5). Despite quarantine regulations during importation, there have 
been several incidents in Australia where exotic pathogens such as DGIV and 
CyHV2 have affected farmed or free-living fish species.  
 
Planning for the current project began following mortality events at fish farms 
that were linked to exotic viruses. A significant iridovirus epidemic at a Murray 
cod farm in Victoria occurred in 2003. Over the course of a few weeks, 
approximately 90% or 9000 Murray cod fingerlings died. At the time, the 
unidentified iridovirus was considered to be exotic to Australia (Lancaster et 
al., 2003). Molecular studies by Go et al. (2006) demonstrated that the 
iridovirus from the outbreak shared a greater than 99% sequence homology 
with dwarf gourami iridovirus isolated from dwarf gourami purchased from 
Sydney aquarium shops. At about the same time in 2003, mortality events at 
a goldfish farm in Western Australia were caused by infections with goldfish 
haematopoietic necrosis virus (or CyHV2) (Stephens et al., 2004). It was 
suggested that sub-clinically infected goldfish were passing quarantine 
regulations and coming into contact with domestic stocks through live fish 
trading. 
 
Due to the risk to aquaculture, recreational fisheries and biodiversity, there 
was an urgent need to develop and validate diagnostic tests for both DGIV 
and CyHV2. As such, under FRDC 2007/007 Aquatic Animal Health 
Subprogram: optimisation of PCR tests for diagnosis of megalocytivirus 
(gourami iridovirus) and cyprinid herpesvirus 2 (goldfish herpesvirus), 
conventional and quantitative PCR assays were developed and transferred to 
diagnostic laboratories around Australia to detect these viruses and 
distinguish them from other exotic but closely related viruses such as red sea 
bream iridovirus and other cyprinid herpesviruses (e.g. CyHV1 and CyHV3), 
respectively. Also included in the project was an opportunistic survey of sick 
or moribund fish collected from retail outlets in Sydney as a way of obtaining 
sample material to test the new PCR assays. The survey revealed CyHV2 in 
17% of goldfish. Also, DGIV was detected in several species including: Dwarf 
gourami, Blue/gold gourami, Oscar (Astronotus ocellatus) and Cichlid. 
However, since retail outlets contained an assortment of imported and 
domestic fish sharing the same environment, the source of the viruses could 
not be identified. Furthermore, domestic goldfish breeders have anecdotally 
claimed that their stock succumb to diseases when brought into contact with 
imported goldfish in wholesale and retail premises. From these findings, the 
logical progression was to ascertain if DGIV and CyHV2 were indeed passing 
through quarantine undetected and if so, to determine if the viruses have 
become established in domestic stocks. This was achieved through the 
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current project, FDRC 2009/044 Aquatic Animal Subprogram: surveys of 
ornamental fish for pathogens of quarantine significance. A series of surveys 
were conducted targeting imported and domestic stocks of ornamental fish to 
detect DGIV and CyHV2.  
 
From the current project, DGIV was consistently found in several species of 
gourami imported from six different countries. The virus was also found in 
stocks of gourami from wholesale premises, at retail outlets and one domestic 
fish farm. The findings indicate that the health certification at exporting 
countries was insufficient to detect and prevent fish with DGIV being exported 
to Australia. Once fish arrive in Australia, quarantine and visual inspection 
were insufficient to identify fish with DGIV infections. This was evidenced by 
the fact that five of six consignments of imported gouramis that had recently 
passed quarantine had detectable levels of DGIV. Finally, DGIV was found in 
a group of platy at a domestic ornamental fish farm. At the time of collection, 
there was no reported outbreak and the infection was presumably sub-clinical. 
Fortunately, the farm operates at two separate locations with many species of 
gourami raised at a location separate to the infected platy. Biosecurity 
Queensland is aware of the situation and is working with the owners to 
resolve it. No directives have been issued from the Queensland CVO 
regarding the presence of DGIV at the farm. 
 
This project supports the recommendation that laboratory testing be carried 
out as an effective way of detecting DGIV in imported ornamental fish 
(Whittington and Chong, 2007; Biosecurity Australia, 2010). The detection of 
DGIV at a domestic farm is concerning due to the risk of spreading (and 
potentially amplifying) the virus through the live fish trade to other farms and 
retail outlets and the risk of releasing the virus into natural waterways through 
contaminated effluent and other waste. The lack of a plan to deal with such an 
incursion of an exotic pathogen is concerning. Both of these pathways 
increase the opportunity for DGIV to become established in wild populations, 
which would impact on recreational fisheries, biodiversity and aquaculture 
development. As shown during the 2003 outbreak, Murray cod are highly 
susceptible to DGIV. As the virus has a wide host range, other species of 
native fish should be considered at risk to infection, in particular the Australian 
freshwater cods and perches belonging to the Genera Maccullochella and 
Macquaria. However, until further research is completed, all 22 species in the 
Family Percichthyidae should be considered potentially susceptible.  
 
The results for the CyHV2 surveys were similar to DGIV, in that the virus was 
found at wholesaler premises and farms, but notably also in several 
populations of wild goldfish. The virus was found in feral populations of 
goldfish in the ACT and more densely populated rural areas of Victoria. It is 
presumed to have originated from infected stocks that were imported to 
Australia. There are no goldfish farms upstream of Cotter Reservoir (or 
anywhere near the ACT) and there is no mechanism for natural dispersal of 
fish from downstream areas as the dam wall is a complete barrier to fish 
passage. One explanation for the presence of the virus is that unwanted 
goldfish with sub-clinical infections were released by pet owners into natural 
waterways. Existing feral populations of goldfish were then exposed and the 
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virus was able to persist. Another possibility is that infected fish were 
transferred to domestic farms, where the virus was able to be amplified in a 
naïve population and released through effluent and live fish. As goldfish were 
first introduced to the Canberra region in the 1880s, the virus may have been 
here for a very long time. 
 
The findings of the project were a demonstration that CyHV2 is established in 
Australia and were used to inform quarantine policy. Within nine months of the 
confirmation of CyHV2 being endemic at domestic farms, AQIS revoked the 
requirement for goldfish exported to Australia to be certified free of CyHV2 
(Appendix 6; BAA 2011/16). This is a clear demonstration of an aquatic 
pathogen from the ornamental fish industry with quarantine significance can 
become established in farmed and wild populations. Also, it provides evidence 
for a pathway for exotic pathogens to become established in wild fish 
populations. This is of particular significance to Australia as there are many 
endemic and ecological sensitive populations of fish. The results of the 
CyHV2 surveys can be used to inform risk analysis for the importation of other 
ornamental fish species.  
 
Over one billion ornamental fish, comprising of more than 4 000 freshwater 
and 1 400 marine species are traded internationally each year (Whittington 
and Chong, 2007). Although a large number of countries are involved in the 
industry, Asia is by far the largest exporter of ornamental fish, providing more 
than 55% of the world supply (Ploeg, 2007). Within Asia, species of fish 
originating from all over the world are bred for the commercial markets, with 
Singapore the leading exporter followed by Hong Kong, China, Indonesia and 
Malaysia (Ploeg, 2007). Singapore and Hong Kong also act as hubs, 
aggregating numerous species from neighbouring countries for on-sale to 
developed countries (Ling and Lim, 2005). In these large exporting facilities, 
fish are congregated from the wild, farms, wholesalers and other exporters 
from all over the world (Ling and Lim, 2005). Based on this structure and 
distribution system of ornamental fish, it is likely that DGIV and other exotic 
aquatic pathogens will continue to enter Australia unless quarantine practices 
are improved.  
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BENEFITS AND ADOPTION 
 
The benefits and beneficiaries of this research project align with those 
identified in the project application, which was based on consultation with 
Commonwealth Department of Agriculture, Fisheries and Forestry, the Murray 
Darling Basin Authority and the FRDC. The project is of national significance 
and will have a direct benefit for many stakeholders. Findings from the project 
were used in 2011 to support changes to national policy. Within nine months 
of reporting the detection of CyHV2 at domestic farms, AQIS acted to remove 
the import condition for goldfish to be free of CyHV2.  
 
In 2008, Biosecurity Australia initiated an IRA to review Australia’s freshwater 
ornamental finfish policy with respect to quarantine risks associated with 
DGIV and related viruses. The final policy determination is on hold awaiting 
the results of this project. The findings from this project relating to the 
detection of DGIV from imported and domestically sourced ornamental fish 
will be used to support the IRA and national policy decisions. Of particular 
importance is the accurate information concerning the occurrence of DGIV in 
imported ornamental fish (pre-border) prior to their contact with domestic-
origin fish or at retail outlets.  
 
The private sector has benefited by removal of unnecessary import conditions 
requiring health certification for freedom of CyHV2. Benefits for farms that 
participated included improved fish health and information on their DGIV and 
CyHV2 testing results for better management practices.  
 
The public has benefited and will benefit by improved quarantine policy and 
improved conservation management of threatened freshwater finfish species. 
This will help reduce the chance of DGIV becoming established in wild 
populations of ornamental fish and thereby posing a risk to biodiversity. 
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FURTHER DEVELOPMENT 
 
This project was successful in providing a clear demonstration that an aquatic 
pathogen from the ornamental fish industry with quarantine significance can 
become established in farmed and wild populations. It has also shown that 
there is an ever present risk of exotic pathogens arriving at Australia’s border. 
 
Recommendations for further development include: 
 
1. Revision of quarantine policy to prevent incursions of exotic viruses and 

other pathogens from imported ornamental fish into domestic stocks. 
There is clear evidence that exotic pathogens from the ornamental fish 
industry can cause disease and become established in farmed and wild 
populations of fish. This is based on our current knowledge of at least two 
incursions of DGIV at domestic farms and the widespread distribution of 
CyHV2 in goldfish populations. Also the project findings indicated that the 
health certification at exporting countries was insufficient to prevent fish 
with exotic pathogens being exported to Australia. Biosecurity Australia 
announced a trial of a proposed new system for managing the biosecurity 
risks of imported ornamental fish with an emphasis on risk management 
placed at exporting countries (Appendix 6; BAA 2012/23). The reliance on 
off-shore authorities for risk management should proceed with caution 
based on the project findings. The revision of policy with respect to 
Australia’s CyHV2 status took less than one year from the initial report of 
the virus at domestic farms. Strengthening of policy dealing with the 
quarantine risks associated with DGIV and related viruses due to the 
threat to native freshwater fish and the aquaculture industry is 
recommended. Policy revision and new policy development should 
consider increased quarantine periods for species susceptible to DGIV, 
increased surveillance, mandatory diagnostic testing for rejected 
consignments during quarantine, mandatory reporting of mortalities during 
quarantine, restriction of ornamental species allowed for importation and 
increased tracking and traceability for the entire industry. 
 

2. Risk analysis of the aquarium trade as a pathway for release of DGIV in 
Australia and the risk of exposure to native fish species. While DGIV has 
not yet been recorded in the wild, it is routinely detected in ornamental fish 
from aquatic retail outlets and the virus has been the cause of mass 
mortality at a Murray cod farm in 2003. From this project, DGIV was 
detected in platy from a farm in Queensland. In Australia, the aquarium 
industry is recognised as a major pathway for human-assisted dispersal of 
ornamental fish (Lintermans, 2004). It is recognised that 22 of the 34 alien 
fish species with established populations in Australian freshwaters 
originate from the ornamental trade (Lintermans, 2004), with the number of 
established exotic aquarium species continuing to grow (Lintermans 
2013). Given the high prevalence of DGIV in ornamental fish in aquarium 
retail outlets and the existence of pathways for these ornamental fish to 
enter natural waters, the potential for the release of DGIV from the 
aquarium trade and exposure of wild fish is genuine. Further, the incursion 
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of CyHV2 in Australia should be considered a case study to support risk 
analysis. 

 
3. Susceptibility and epidemiology of Australian freshwater fish species to 

DGIV. DGIV belongs to a family of viruses known as Iridoviruses. Iridoviral 
diseases are known to be important in aquaculture, causing significant 
mortality worldwide but their effects on wild populations of native fish in 
Australia are largely unknown. Experimental challenge trials have shown 
that a number of native fish, including Macquarie perch (Macquaria 
australasica) are potentially susceptible to the iridovirus, Epizootic 
haematopoetic necrosis virus, which is only found in Australia (Landgon 
1989, Becker et al., 2013). As iridoviruses are characterised as having a 
wide host range, there is a need to determine the susceptibility of a range 
of native fish species to DGIV. Based on our current knowledge, it would 
be useful to initially focus on species closely related to Murray cod and 
those that commonly share waterways with them. Following, testing of wild 
populations of potential native and alien fish hosts is needed to determine 
if DGIV is in the wild. As the first outbreak of DGIV was at a Murray cod 
farm, there is a need to determine the occurrence of DGIV at native fish 
farms with an emphasis on those species susceptible to DGIV. 

 
4. The role humans play in the dispersal of ornamental fish in natural water 

ways in Australia. It is unclear why the public engage in activities such as 
releasing unwanted pet fish and the illegal use of ornamental fish as bait, 
which may result in the establishment of feral species in native water 
ways. The current project has clearly shown that healthy looking fish could 
be infected with exotic pathogens and could be introduced to natural 
waterways with their feral host. Research from the UK has found that there 
was an increased chance of having feral goldfish the closer a pond is 
located to a road or parking lot and other ornamental fish were often found 
in these ponds (Copp et al., 2005). Another example is the finding of 
CyHV2 positive goldfish in Cotter Reservoir, which is approximately 23 km 
from the centre of Canberra. Little information is available on the rates and 
dispersal pathways and mechanisms associated with the ornamental fish 
introductions. Research into the dispersal pathways and mechanisms will 
assist in the development of education or awareness programs to 
discourage the practice of releasing pet fish into the wild and the illegal 
movements of live fish. 
 

5. Revision of policy to protect domestic ornamental fish producers from 
incursions of exotic pathogens and to encourage domestic production of 
ornamental fish. To further the recommendations suggested above, 
specific policy is warranted to address the risk to the domestic production 
of ornamental fish. There are considerable differences in the operational 
practices of ornamental farms relating to the number of species farmed, 
the buying and selling of live fish and broodstock and the variety and 
number of aquaculture units (e.g. tanks and ponds) compared to farms 
producing food fish. Also, policy revision is needed to encourage the 
domestic production of ornamental fish. In addition to what is identified 
above, policy revision and new policy development should consider 
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limiting species or combination of species at farms, licensing regulations, 
and freedom of disease certification for key pathogens. 
 

6. Biosecurity Operations. The example of ornamental fish from the farm in 
Queensland operating without an aquaculture permit being potentially 
infected with a notifiable agent, megalocytivirus indicated the urgency for 
policy revision to minimize biosecurity risks. Since the time of detection 
and notification on 8 May 2012, Queensland Biosecurity has been in 
communication with farm although no action-based directives have been 
ordered, which suggests a lack of willingness of competent authorities to 
address biosecurity risks at an operational level. The rapidity with which 
quarantine controls can be removed following confirmation that an agent 
has become endemic (e.g. CyHV2) is contrasted with the length of time 
required for effective policy revision to exclude pathogens of significance 
(e.g. the IRA for DGIV began in 2008). The uncertainty of policy revision 
may create opportunity for agents to become endemic, such as DGIV at 
the Queensland farm through a delay in effective response. If DGIV enters 
natural waterways, eradication would be impossible and it could potentially 
devastate Murray cod populations. These issues should be advanced 
nationally through the Subcommittee on Aquatic Animal Health (SCAAH), 
which is an advisory committee to Animal Health Committee (AHC). 
 
The main data from this project, comprising the consignment identification 
and the results of molecular assays are summarised in tables contained in 
this report. Raw data are stored at the Faculty of Veterinary Science 
University of Sydney in electronic form and may be accessed by 
contacting the author.  
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PLANNED OUTCOMES 
The overall planned outcome of this project was to ensure the sustainability 
and profitability of the aquatic industry and the health of natural resources by 
providing industry and governments with knowledge of the establishment of 
DGIV and CyHV2 in Australia. This will help to make sound and risk-based 
decisions for use in all jurisdictions. This was in addition to a broader 
responsibility towards the Australian community to ensure the sustainability of 
Australian aquatic natural resources. 
 
This overall outcome was achieved through the provision of scientific 
evidence of the incursions of exotic viruses from ornamental fish in Australia. 
This will facilitate design of improved quarantine policy for live imported 
ornamental fish, disease prevention strategies, improved policy regarding 
domestic aquaculture production and facilitation of fish farms being identified 
as being free of these viral pathogens. This will help protect recreational 
fisheries through improved conservation management of threatened 
freshwater finfish species and help promote aquaculture.  
 
Extension of R&D results to government and industry stakeholders was 
achieved through scientific articles and conference presentations (Appendix 
4). Several scientific articles are currently being drafted to from this project 
and will be submitted to leading international journals for publication. 
Extension of the key outcomes of the project, namely the scientific data to 
support the revision of national policy to prevent the incursions of exotic 
viruses from the ornamental fish trade, will be ongoing through consultations 
with DAFF and industry. 
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CONCLUSION 
 
Australia is considered to have one of the most stringent standards for the 
importation of ornamental fish in the world. However, the occurrence of exotic 
pathogens, in particular iridoviruses, in post-quarantine populations of 
ornamental fish has led to a conclusion that current quarantine measures 
provide an unacceptably low level of protection. 
 
The findings have delivered upon all eight objectives of the project. 
Specifically, as a result of this project, there is definitive evidence that an 
exotic viral pathogen is in fact entering Australia despite quarantine practices. 
DGIV was readily detected from many different species of ornamental fish at 
our pre-border QAP, during quarantine and following quarantine at 
wholesalers and retail outlets. DGIV should be considered a common 
pathogen at these locations. Moreover, DGIV was identified at one domestic 
farm in Queensland. However, it was not detected in wild populations of 
gourami in Queensland. If DGIV is able to be established at domestic farms, 
there is a significant risk to the aquaculture development and conservation of 
native fish species. The structure and distribution system of the ornamental 
fish export sector in Asia allows for the global distribution of aquatic 
pathogens. Under current export conditions, it is likely that DGIV will continue 
to enter importing countries including Australia. 
 
As a result of this project, CyHV2 was declared an established pathogen in 
Australia. The virus was detected at all survey locations, most notably readily 
identified at domestic farms and in wild populations. In September 2011, the 
findings were used to inform quarantine policy to revoke the requirement for 
goldfish exported to Australia to be certified free of CyHV2. This policy change 
occurred nearly eight years after the original documented outbreak at a farm 
in Western Australia in 2003. CyHV2 is a clear demonstration of an aquatic 
pathogen from the ornamental fish industry with quarantine significance can 
become established in farmed and wild populations. Also, it should be used 
as a valuable case study to provide evidence for a pathway for exotic 
pathogens to become established in wild fish populations. This is of particular 
significance to Australia as there are many endemic and ecological sensitive 
populations of fish. The results of the CyHV2 surveys can be used to inform 
risk assessment for the importation of other ornamental fish species. 
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APPENDIX 3: PRIMER DETAILS FOR PCR ASSAYS 
 
Table 1. Details of primers used in this project to detect DGIV. 
 

Oligonucleotide Product 
size 

(base 
pairs) 

Gene Reference 
Name Sequence (5’ – 3’) 

C50 GTTTGATGCGATGGAGACCC 
399 MCP1 Go, et al., 2006 

C51 ATGCCAATCATCTTGTTGTAGCC 
C1073 AATGCCGTGACCTACTTTGC 

167 MCP1 Rimmer, et al., 2012 
C1074 GATCTTAACACGCAGCCACA 

1MCP = Major capsid protein 
 
 
Table 2. Details of the primers used in this project to detect CyHV2.  
 

Oligonucleotide Product 
size 

(base 
pairs) 

Gene Reference 
Name Sequence (5’ – 3’) 

C1153 GTCGGTTGGACTCGGTTTGT 
121 

DNAPol1 Whittington,  
et al., 2009 

C1154 CATAGTACGCCTTGAGACTC 
C1109 CCCAGCAACATGTGCGACGG  
C1158 GACCAAGTAGTCAGATGCTG 401 

C1281 GGACTTGCGAAGAGTTTGATTTCTAC 
366 Helicase Waltzek,  

et al., 2009 
C1228 CCATAGTCACCATCGTCTCATC 

1DNAPol = DNA polymerase 
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APPENDIX 5: IMPORT CONDITIONS FOR ORNAMENTAL FISH  
 
The import conditions for the commodity “Freshwater Fish (other than Salmonidae) – Live” as 
of 28 Feb 2013 downloaded from the AQIS Import Conditions Database (ICON). The link is 
provided below.  
 
http://www.aqis.gov.au/icon32/asp/ex_casecontent.asp?intNodeId=8872757&intCommodityId
=6114 
 

 

http://www.aqis.gov.au/icon32/asp/ex_casecontent.asp?intNodeId=8872757&intCommodityId=6114
http://www.aqis.gov.au/icon32/asp/ex_casecontent.asp?intNodeId=8872757&intCommodityId=6114
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APPENDIX 6: BIOSECURITY AUSTRALIA ADVICE NOTICES RELATING 
TO THIS PROJECT 
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