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ABSTRACT  

Abalone viral ganglioneuritis (AVG) is a highly infectious disease of both wild and farmed abalone 

caused by Abalone Herpesvirus (AbHV) and was first reported in Taiwan in 2003. It was subsequently 

detected in Australia in 2005 following unexplained mortalities on a number of Victorian abalone 

farms. Disease on Victorian farms was linked to movements of abalone broodstock sourced from wild 

populations across a number of Australian states, including Tasmania.  

 

Since 2006 AVG has been detected in Tasmania on a number of occasions. Disease events in 

Tasmania have primarily occurred following the movement of wild caught abalone into live-holding 

facilities operated by abalone processing companies. Although an outbreak of disease occurred on a 

Tasmanian farm during 2011, this case was closely linked to disease within a neighbouring abalone 

processing live-holding facility.  

 

A series of seven disease outbreaks in Tasmanian facilities were investigated, six within abalone 

processors and one in an abalone farm. The report also examines cases where the virus was 

detected as part of targeted surveillance activities, but without overt signs of clinical disease.  

 

Clinical AVG has never been detected within the wild Tasmanian abalone populations in the natural 

marine environment; however the virus caused significant mortalities in the Victorian wild fishery and 

aquaculture production facilities. Investigations suggest that clinical expression of AVG in many 

Tasmanian cases differs from that described in Victorian and Taiwanese cases. It is suggested that 

two clinical forms of AVG may be occurring in Tasmania.  An acute form with signs consistent with 

those reported elsewhere, and a chronic form associated with slow onset of morbidity.  

 

Investigations suggest that expression of either form is primarily determined by carriage of sub-

clinically infected abalone into processor live-holding facilities.  Exposure of infected cohorts to 

abalone from different regions or different species commonly results in acute AVG. If contact with 

other cohorts does not occur, expression of the chronic form emerges in the infected group after 

approximately 7-10 days, presumably as a result of stress and/or build-up of virus levels in the tank 

environment.  
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Molecular analysis undertaken on Tasmanian isolates of AbHV has demonstrated a number of 

variants present in Tasmania. Each of the Tasmania isolates can be attributed to specific cases and 

this has enabled the identification of regions where infected abalone originated.  

 

In order to assess the suitability of tests for detecting sub-clinical carriage in asymptomatic abalone 

populations, archived tissues collected from a range of Tasmanian abalone populations were retested 

using three separate real time polymerase chain reaction tests (qPCR). Statistical analysis using 

latent class methodology determined that qPCR (OR66) had the greatest sensitivity when used as a 

single test, but this only provided a value of 59.1% (CI95%, 43.6-75.7). Use of two tests in parallel 

provided a combined diagnostic sensitivity of 85.6% (57.9-99.4) and specificity of 98.2% (96.0-99.9).  

 

Test results from over 1400 archived tissues collected in Tasmania between 2008 and 2011 have 

enabled estimation of AbHV carriage in the natural marine environment. Data indicates that the 

prevalence of AbHV carriage throughout Tasmania in wild abalone is 7.8% (CI95%, 6.2-9.7), but 

levels vary significantly between regions. This work demonstrates that AbHV occurs in wild abalone in 

Tasmania, but without causing significant clinical disease. Clinical disease only emerges when 

infected abalone are brought into live-holding facilities.  
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INTRODUCTION  

Members of the Haliotis spp., commonly known as abalone are marine snails that graze vegetation on 

reef systems across a range of tropical and temperate environments. In other regions abalone may be 

referred to as awabi (Japan), ormers (England) and paua (New Zealand).  

 

World supply of abalone comes from a combination of commercial fishing activities, illegal poaching 

and aquaculture. Estimations indicate that total worldwide production from these three sources 

increased from 20370 tonnes in 1970, to 77000 tonnes in 2010, and has now surpassed 115000 

tonnes (Gordon & Cook, 2013; Cook, 2014).  

 

In regions where wild abalone are abundant they have often developed into valuable fishing 

industries. Abalone is currently Australia’s highest value mollusc fishery with industries occurring 

primarily in Tasmania, Victoria, South Australia and Western Australia; however a small fishing 

industry also occurs in NSW.  

 

Commercial harvest of abalone began in Australia as early as 1946, but first trial shipments failed to 

locate viable markets in Australia or overseas (Cuthbertson, 1978). During the early 1960's interest in 

the product began to develop in South-East Asia and this, combined with improved diving technology, 

resulted in abalone industries developing across southern Australia. One of the first regions where 

commercial fishing occurred was northern Tasmania.  

 

Harvest of wild abalone continued to increase in Australia throughout the 70’s and peaking in the late 

80’s (Cuthbertson, 1978). A quota management system was introduced Tasmania in 1985 to protect 

stocks from overfishing and since then production has remained relatively stable (Mayfield et. al, 

2012). Tasmanian abalone catch rates from 1965 to 1992 are illustrated in Figure 1. 

 

In contrast, wild abalone fisheries in many other regions of the world have declined due to a 

combination of, over-exploitation, degradation of environmental conditions, and, in some cases, 

outbreaks of disease. These factors led to the collapse of two major abalone fisheries, in USA (due to 

environmental changes and outbreaks of disease) and South Africa (primarily due to poaching) 
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(Cook, 2014). Disease has also had an impact in Australia, where declines of wild abalone stocks 

across NSW were attributed to disease caused by Perkinsus olseni.   

 

 

Figure 1.1: Tasmanian wild abalone catch rates, 1965 to 1992.  

TAC refers to ‘total allowable catch’. ITQ refers to ‘individual transferable quota’. These fisheries 

management measures were introduced in 1985 to maintain catch rates at a sustainable level. 

(Source DPIPWE) 

 

 

Australian production now represents approximately 60% of the world’s wild abalone catch (Love & 

Langenkamp 2003; Daume, 2007; UN 2012) with estimations valuing it at $166m annually (ABARES, 

2013). Of this, approximately 58% ($97m) is supplied from Tasmania, making it the largest wild 

capture abalone fishery in the world. By comparison, Tasmanian aquaculture production is relatively 

small, with 123 tonnes produced during 2012–13 (DPIPWE, 2014). However, this follows the recent 

loss of two major farms, one due to disease and the other occurring as a result of recent bushfires. 
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The export of live abalone to Asian markets remains the primary focus of the Tasmanian industry and 

processors routinely hold large quantities of wild caught abalone in live-holding tank systems prior to 

their export overseas. Hong Kong is the largest market for all forms of abalone (live, fresh, frozen or 

preserved) (ABARES 2013), with the product then regularly moved into mainland China where there 

is a preference for live product (D Lisson, pers. com.).  

 

Despite declining harvests of wild abalone, overall worldwide supply has increased following 

development in aquaculture production throughout Asia.  Abalone were first farmed in Japan and 

China in the 1950s, but it took until the 1990s before production began to expand significantly. Major 

aquaculture industries now occur in China, Korea, South Africa, Chile, Japan, Taiwan, the Philippines 

and Thailand. Significant aquaculture production also occurs in Australia, the United States, South 

Africa, New Zealand and Mexico; with small scale production occurring in a number of European 

countries (Cook, 2014). 

 

As the use of live-holding systems for both aquaculture production and wild capture fisheries has 

grown the detection of disease has also increased (Elston, 1984). There are a number of potential 

factors contributing to this trend; the animals are subject to closer scrutiny, production systems hold 

higher population densities which enhance disease transfer, there are regular introductions of animals 

into these systems from a range of population cohorts, environmental conditions are often less than 

ideal and, stressful conditions can often reduce immune function.  

 

Prior to 2005 viral pathogens had not been reported in abalone in Australia and an extensive national 

survey of abalone did not detect clinical disease suggestive of any viral cause (Handlinger et. al., 

2006).  Despite this, a disease of abalone caused by a herpesvirus emerged in Victoria during late 

2005 (Hooper et. al., 2007b) and has subsequently been detected in Tasmania (Ellard et. al., 2009). 

This disease has been given the name abalone viral ganglioneuritis (AVG), being clinical disease 

caused by infection with abalone herpesvirus (AbHV) (OIE, 2012).  
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A number of AVG cases have occurred in abalone live-holding facilities throughout Tasmania 

between 2008 and 2011, but, despite extensive targeted surveillance, no clinical disease or 

mortalities associated with AVG have ever been detected in wild abalone populations in this State. 

However, testing has detected AbHV carriage (Ellard et. al., 2009; Corbeil et. al., 2010).  

 

Investigations described within this document used DPIPWE records and archived tissue samples to 

examine aspects of AVG epidemiology in Tasmanian abalone populations. The work has been 

undertaken at the request of the DPIPWE Chief Veterinary Officer as part of the DPIPWE sponsorship 

of a Masters of Veterinary Surveillance with Murdoch University. Specific areas identified for 

investigation were; 

a.  a summary of current knowledge relating to AVG. 

b.  a description of Tasmanian cases and events that led up to outbreaks of clinical disease. 

c.  advice on suitable tools that may be used for surveillance and health accreditation purposes. 

d. an estimation of AbHV prevalence and distribution in wild abalone populations within 

Tasmania.  

 

Certain areas of work reported within this document have been a collaborative effort. Relevant 

contributors are acknowledged in specific sections; however Dr’s Nick Moody and Mark Crane at 

CSIRO-Australian Animal Health Laboratories have provided extensive assistance relating to strain 

typing as well as retesting archived tissue samples. Dr Charles Caraguel at the University of Adelaide 

undertook final analysis of data to calculate test sensitivities and specificities.  
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SECTION 1: BACKGROUND INFORMATION 

 

1.1  ABALONE VIRAL GANGLIONEURITIS  

Abalone viral ganglioneuritis is the term given to the disease of abalone (Haliotis spp.) caused by a 

herpesvirus. The disease is characterised by rapid onset of high mortality rates in both farmed and 

wild abalone; and has characteristic lesions within neural tissue. The first report of a herpesvirus 

affecting abalone species was made in farmed abalone in Taiwan during 2003 (Chang et. al., 2005), 

and this remains the only confirmed case of AVG outside of Australia (OIE, 2012).  

 

Prior to 2003, herpes-like virus infection of molluscs had only been detected in bivalve species (Farley 

et. al., 1972; Hine et.al., 1992; Comps & Cochennec, 1993; Renault et. al. 1994a, 2001). Of these, 

few cases have been examined using genetic tools and diagnosis relied on histology and electron 

microscopy. One exception has been oyster herpes virus (OsHV-1), which has been associated with 

significant mortalities in farmed Pacific oysters (Crassostrea gigas) across areas of Europe, Australia 

and New Zealand (Renault et. al., 1994b; Lynch et. al., 2012; Jenkins et. al., 2013). Comparison of 

the OsHV-1 and AbHV genomes has shown them to be related but separate herpesviruses (Savin et. 

al., 2010). 

 

 

1.1.1 Previous cases 

Since 1999 there have been a number of disease events within abalone populations that have either 

been suggestive of AVG or confirmed as being AVG. Detections of AVG outside of Tasmania are 

described in the sections below.  

    

1.1.1.1  Taiwanese case 

Disease occurring on abalone farms in 2003 and located in the north-east region of Taiwan has been 

described by Chang et. al.,(2005). These authors reported that abalone belonging to the species H. 

diversicolor supertexta (commonly known as ‘variously coloured’ or ‘diversicolor’ abalone) were 

equally affected across a range of age-groups and cumulative mortalities for this species reached 

80%. Death of all diversicolor abalone in infected ponds occurred within 3 days following first 
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detection of clinical signs. Despite cohabitation with Japanese black abalone (H. discus) on infected 

farms only diversicolor abalone were reported to be affected.  

 

Clinical signs were described as being characterised by retraction of the mantle and muscle stiffness. 

Histopathology suggested that the neural tissue was the principle cell type affected and was 

associated with infiltration of haemocytes. Diagnosis of infection with a herpes-like virus was made 

following demonstration of viral particles within degenerated cells using transmission electron 

microscopy. Virus particles were reported to be hexagonal, 90 to 100nm in diameter and possessing 

a single coat.  

 

The authors also reported conducting a series of infection trials using AbHV isolated from farmed 

abalone. The trials resulted in diversicolor abalone dying within 2 days following intramuscular 

inoculation and within 3 days when using bath inoculation. Trial abalone possessed similar pathology 

to that seen in infected farmed abalone. 

 

In their discussion Chang et.al., (2005) concluded that the Taiwanese case was most likely caused by 

introduction of an exotic virus. This conclusion was based on the outbreak having a focal point spread 

pattern and that similar mortalities had not previously been observed on Taiwanese farms. The 

authors hypothesised that AbHV had been introduced with movement of juvenile abalone from an 

overseas source. Although not stated, this source is considered to be mainland China (OIE, 2008). 

However, verbal reports have also indicated that outbreaks of disease have occurred following wild 

abalone being brought onto farms for use as broodstock (PH Chang, pers. com.) 

 

1.1.1.2  Chinese cases 

As part of a review into viral diseases of abalone, the World Animal Health Organisation (OIE) formed 

a reference group made up of mollusc disease experts (reference group) that was tasked with 

reviewing available literature and describing reported syndromes (OIE, 2008). Based on clinical 

expression, epidemiological data and virus morphology, the reference group assigned known cases of 

abalone viral mortality to one of two general categories; (a) sub-acute/chronic abalone viral mortality 

syndrome and (b) acute abalone viral mortality syndrome.  
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As part of their review the reference group concluded that acute abalone viral mortality syndromes 

were first reported in H. diversicolor aquatilis abalone in the Chinese Fujian Province in the spring of 

1999 (Huang et. al., 1999). Disease subsequently spread southwards to Guangdong Province (Nie & 

Wang, 2004), and later to Hainan and Guangxi Provinces (Zhang et. al., 2001). Most disease events 

occurred in the species H. diversicolor and in association with a spherical virus (with icosahedral core) 

of ~100 nm, with a smooth envelope.   

 

The reference group suggested that disease described during the Chinese events was suggestive of 

a common viral aetiology. Movements of live animals and contaminated equipment within the 

geographical range of these disease outbreaks were considered to have contributed to the spread of 

the virus. Additional information suggested that acute abalone viral syndrome spread to H. 

diversicolor supertexta in Taiwan (OIE, 2008).  

 

 

Figure 1.2: Southern provinces of China.  

Acute abalone mortality syndrome is suggested to have spread from the Fujian province to 

Guangdong, Hainan and Guangxi. (Source USDA website, http://www.ers.usda.gov)  

 

 

 

http://www.ers.usda.gov/
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In their conclusions the reference group noted similarities between acute abalone viral syndrome and 

that reported in AVG cases elsewhere. They suggested that AbHV described in Taiwan (Chang et al., 

2005) and in Australia (Hooper et al., 2007b) were also part of the acute abalone viral mortality 

syndrome. In their conclusions the reference group stated that; ‘the lack of comparable data 

precluded drawing firm conclusions on the relationships between abalone viral ganglioneuritis and 

acute abalone viral mortality, however a single viral aetiology for this complex cannot be excluded.’ 

(OIE, 2008). 

 

1.1.1.3  AVG in Victorian abalone aquaculture 

Abalone Viral Ganglioneuritis was first reported in Australia in December 2005 following reports of 

high levels of mortality on a land-based abalone farm (VIP1) located in regional Victoria. As with 

Taiwanese reports, mortality occurred across all age-classes and in association with a herpes-like 

virus affecting nerve ganglia (Hooper et. al, 2007b). A further three Victorian farms, one land-based 

(VIP2) and two in-water farms (VIP3 & VIP4) were also diagnosed with AVG soon after. Mortality 

rates were estimated to be up to 90% in some tanks (Hardy-Smith, 2006), but detailed mortality data 

is not available. Ultimately all four farms were completely destocked as a result of either; high levels 

of mortality, emergency harvest or destruction of at-risk stock. Even though the disease was first 

diagnosed in December 2005, complete destock of all affected properties did not occur until June 

2006 (Hardy-Smith 2006).  

 

An epidemiological investigation commissioned by the Victorian Department of Primary Industries 

concluded that although the disease had not previously been reported in Australia no plausible link to 

a source of infection outside of Australia could be identified. It was suggested that AbHV was most 

likely introduced onto Victorian farms with movements of wild abalone and that the source population 

may have possessed an inherent resistance to the virus (Hardy-Smith, 2006).  

 

Movement of abalone onto Victorian farms occurred during November and December 2005 from a 

number of populations across southern Australia as part of a project aimed at enhancing genetic 

improvement within the abalone aquaculture industry. The project took greenlip (Haliotis laevigata) 

and blacklip (H. rubra) abalone from South Australia, Tasmania and Western Australia and distributed 
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these to farms. The index case in the Victorian outbreak was identified as occurring on VIP1 within 

the broodstock population in early December, even so increased mortality did not occur in other 

groups on property until December 19 (Hardy-Smith, 2006), approximately 14 days later. Clinical 

signs in affected abalone were described as ‘swelling around the mouthparts with eversion of the 

mouth and radula in severe cases. Affected abalone were easily removed from the tank substrate, 

and in advanced cases found detached on the floor of the tank.’ (Hardy-Smith, 2006). 

 

Spread of AbHV between Victorian sites was considered to be most likely associated with movement 

of abalone via a processor live-holding facility and then subsequent movement of abalone between 

farms. The processor live-holding facility (VSP1), which was located in suburban Melbourne, was 

used to facilitate movement and hold wild abalone broodstock prior to dispersal to farms. The facility 

also held a wide range of marine fish stocks within recirculation tanks (closed production facility). 

These fish stocks included imported bivalve molluscs and a range of domestically sourced finfish, 

mollusc and crustacean species for supply to local and export markets.  

 

Examination of Victorian fisheries records indicated that VSP1 normally received abalone from four 

Tasmanian suppliers, and these represented approximately 98% of the total abalone intake. Of these, 

approximately 15% were greenlip abalone originating from either King Island or Flinders Island. The 

remaining abalone were blacklip originating from southern Tasmania. Although VPS1 was inspected 

as part of AVG disease investigations, no clinical signs of disease were noted by the government 

veterinarian. The facility manager also reported that he had not previously noted unusual mortality (T. 

Bradley, pers. com.). Abalone within VSP1 tanks were not tested for the presence of AbHV. The 

Victorian report  (Hardy-Smith, 2006) noted that broodstock originating from Tasmania were initially 

held within VSP1 prior to being moved to VIP1; as such they were viewed with a high level of 

suspicion.  

 

Abalone viral ganglioneuritis was subsequently noted in wild abalone stocks adjacent to the water 

outflow of one of the affected land-based farms (VIP2) in May 2007 (Hardy-Smith, 2006). Initial 

attempts to cull affected stock on IP2 during late December initially appeared to control disease at this 

site, but AVG re-emerged in the remaining farm stock during March 2006. It has not been confirmed 
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whether this re-emergence was the result of sub-clinically infected stock remaining on IP2 following 

destocking procedures, or caused by virus particles being drawn from the adjacent marine 

environment with farm intake water.    

 

1.1.1.4  AVG in the Victorian wild abalone fishery 

The Victorian abalone fishery is divided into three zones; the western, central and eastern fishing 

zones. Following the detection of disease adjacent to VIP2 within the western zone, the virus spread 

through wild abalone populations from this point impacting on approximately 280km of coastline in 

western Victoria (Gorfine et. al., 2008). Mortalities caused by AVG and the subsequent closure to 

commercial fishing resulted in the total allowable commercial catch for the western zone being 

reduced from 280 tonnes in 2001-02 to 16 tonnes in 2008-09 (Gorfine et. al., 2008).  

 
 
 
Figure 1.3: Victorian coastline impacted by AVG.  

The dark shading illustrates the extent of AVG cases in wild abalone populations along the Victorian 

coastline. Initial outbreaks occurred on farms in the vicinity of Port Fairy. Subsequently, the disease 

was found in the wild population and spread east and west along the coastline (Corbeil et. al., 2010). 

 

 

 

 

 
As with previous cases, high mortality rates were reported across all size-classes with 100% of 

abalone dying on some reefs (Gorfine et. al., 2008). Despite this, some areas showed little impact, 

with very low or no mortality being observed during diver-transect studies. This effect was attributed to 
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local current flow patterns creating microhabitats that protected some reef areas from exposure 

(Gorfine, et. al., 2008).   

 

Commercial divers present during disease events also reported high levels of mucus within the water 

column and it is hypothesised that this mucus was released by stressed and diseased abalone as a 

defence mechanism. Carriage of AbHV in mucus strands is considered to have facilitated horizontal 

transfer by aiding suspension in the water column and potentially enhancing survival of the viral 

pathogen outside the host. The release of mucus has also been noted in other cases of AVG in 

Tasmania. 

 

Although AVG is considered to have been eradicated from all abalone farms currently operating in 

Victoria, it is now considered to be established in wild populations in some regions. Despite this, AVG 

has not re-emerged in Victoria, with the last report of disease occurring in December 2010.  

 

1.1.1.5  Detection of AVG in Western Australia 

In June 2008 personnel from the Western Australian Department of Fisheries investigated reports of 

illegal shipments of live greenlip abalone being supplied to retail outlets in Perth from a source in 

Victoria.  

 

A single moribund greenlip abalone collected from a restaurant aquarium tested positive to AbHV 

using PCR (ORF 49). Unfortunately the abalone had previously been frozen and histology was of 

poor quality, but still considered to be suggestive of AVG (Brian Jones, pers. com). Interviews with the 

owner of a second retail outlet that had received abalone indicated that, despite other fish species 

within live-holding tanks remaining unaffected, all abalone within the consignment had died soon after 

delivery suggesting that abalone mortalities were caused by disease rather than environmental 

conditions (Paul Hillier, pers. com.).    

 

The Victorian processor involved with these shipments was identified as being the same facility 

(VSPI) used to hold wild abalone broodstock distributed to Victorian farms in 2005. The greenlip 
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abalone in the Western Australian consignment were considered to have originated from northern 

Tasmania. 

 

1.1.1.6  Detection of AVG in New South Wales 

Following the detection of AbHV infected abalone at a Tasmanian processor (TIP6) in late 2011; NSW 

authorities undertook surveillance of retail outlets supplying live abalone. The affected Tasmanian 

processor specialized in the supply of live abalone to the Asian restaurant market in and around the 

Sydney area and had done so for a number of years.  

 

Test results supplied by NSW authorities indicated that 90.24% (CI 95%: 76.9%-97.3%) of facilities 

sampled had one or more abalone that tested positive to AbHV. The apparent prevalence of AbHV 

infection in abalone sampled was 49.5% (CI95%: 44.6%-54.4%). Details of the sampling strategy 

have not been supplied; however indications suggest that wherever possible selection was biased 

towards facilities holding Tasmanian abalone and preference given to selecting weak or moribund 

abalone within live-holding tanks. Thus the figures provided above are likely to be an overestimation 

of true prevalence. Apparent prevalence has not been adjusted for test sensitivity and specificity 

because details on PCR CT cut-off points have not been provided by NSW authorities. Data relating 

to mortality rates within facilities sampled or the abalone species present was not collected during the 

NSW survey. 

 

Testing of virus isolates by CSIRO-AAHL indicated that at least two strains of the virus were present 

in the test population (Tas-2 and Tas-5), suggesting that infection of NSW facilities had occurred from 

more than one source.  

 

 

1.1.2  Results of previous surveillance 

A national survey of commercially exploited abalone species in Australia was undertaken from 2002-

2004 (Handlinger et. al., 2006). The survey examined 3163 abalone opportunistically collected across 

a broad geographic area that included Tasmania, Victoria, South Australia, Western Australia and 

New South Wales. The project aimed to define significant disease agents present in abalone 
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populations across Australia. The sampling strategy assumed an expected prevalence of 10% to 

achieve 95% confidence of detecting disease.   

 

The survey did not detect any pathology suggestive of AVG in any samples examined, although it did 

note virus-like inclusions within the gastrointestinal tract of abalone in Tasmania and Western 

Australia. These virus-like inclusions are not considered to be caused by AbHV. 

 

 

1.1.3  Clinical signs and pathology 

In both Victoria and Taiwan, AVG outbreaks have been typified by rapidly escalating morbidity with 

affected abalone dying within a day of displaying gross signs of disease. Other signs include 

protrusion of the mouth-parts, curling and apparent paralysis of the foot plus an inability to hold firmly 

to substrates. Reports of excess mucus and tetanic rigor (also referred to as ‘hard foot’), have also 

occurred in some cases (Hardy-Smith, 2006; Hooper et. al, 2007b; Gorfine et. al., 2008;  Ellard et. al., 

2009). In Tasmania, this clinical description is not characteristic of the majority of cases and AVG is 

more often associated with onset of weakness with increased mortality rates developing more 

gradually over a period of weeks rather than days (Ellard et. al., 2009). 

 

Severe necrotising ganglioneuritis has been the predominant microscopic lesion found in infected 

abalone (Chang et. al., 2005; Hooper et. al., 2007b; Corbeil et. al., 2012; Crane et. al., in-prep.). 

Lesions are characterised by well demarcated necrosis and increased cellularity in affected neural 

tissue and first noted surrounding the buccal cavity. Cerebral, pleuropedal and circumoesophageal 

ganglia may also be affected as well as the pedal nerve cords, the transverse commissures linking 

these nerve cords, and associated peripheral nerves.  

 

It has been suggested that pathology noted in severely affected abalone may in part be caused by an 

aggressive immune response initiated by the host in response to presence of the virus. Tissue 

damage and clinical signs may actually be a result of innate immune defence processes rather than 

by the virus itself (J. Handlnger, pers. com.). Information on the pathogenesis of AVG is limited and 

further work is required before pathophysiology is fully understood.       
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Figure 1.4: Photographs of AVG affected greenlip.  

Victorian farmed greenlip abalone 2005 (A) and Tasmania farmed greenlip abalone, TIP5 2009 (B). 

Protrusion of mouth parts was a clinical finding commonly reported in Victorian cases. Photographs of 

normal abalone are provided in Figure 1.8. 

A. Photo courtesy Vic DPI B. Photo courtesy Abalone Farms Australia 

  

 

 

Figure 1.5. Histopathology associated with AVG.  

The photomicrograph of H&E section demonstrating necrosis of the grey matter of a pedal nerve cord 

with concomitant heavy infiltration by haemocytes. The image is from tissue collected from a blacklip 

abalone collected at TIP1 (Photo courtesy DPIPWE Animal Health Laboratories) 
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1.1.4  Diagnosis 

Three methods form the principle diagnostic tools for AVG diagnosis In many cases histopathology 

and clinical history are sufficient to make a presumptive diagnosis of AVG, but biopsies of nerve 

tissue can allow AbHV DNA to be detected by conventional or real-time PCR methods (Corbeil et. al., 

2010). In-situ hybridisation (ISH) and electron microscopy can assist in confirming AbHV, particularly 

in circumstances when the PCR tests might not detect a particular AbHV genotype.  

 

As with other mollusc species, serological tests are not available for abalone. The absence of suitable 

cell lines in mollusc species also makes virus isolation and amplification by in-vitro virus culture 

difficult. Use of PCR provides the only current means of detecting sub-clinical AbHV infection (Corbeil 

et. al., 2010). 
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1.2  CAUSATIVE AGENT 

Abalone viral ganglioneuritis has been shown to be caused by the recently described abalone 

herpesvirus (AbHV) (Hooper et. al., 2007b; OIE, 2012). Although AbHV is considered to be a 

necessary causal factor for this disease, investigations in Tasmania have suggested that expression 

of disease is influenced by a number of other contributory factors (Ellard et al., 2012). These factors 

are discussed further in Section 2.  

 

 

1.2.1  Morphology 

Transmission electron microscopy of negatively-stained AbHV particles purified from AVG-affected 

abalone has demonstrated that they possess an icosahedral capsid (92–109 nm dia.) surrounded by 

an envelope (~150 nm dia.) decorated with numerous projecting spikes (Tan et. al., 2008). The size 

and morphology, together with the intra-nuclear location of AbHV particles in infected tissue, is 

consistent with other members of the Herpesviridae (Roizman & Pellett, 2001; OIE, 2012). The 

structure of AbHV particles is illustrated in Figure 1.6. 

 

 

1.2.2  Taxonomy 

Genome sequencing of AbHV isolates collected from Victorian cases has been described by Savin et. 

al. (2010). This work concluded that AbHV is related to ostreid herpesvirus (OsHV-1) and that amino 

acid similarity ranged from 19% to 53%. The International Committee on Taxonomy of Viruses has 

now formally named AbHV as Haliotid herpesvirus-1, being the type species of a newly-created 

second genus, Aurivirus (based on the term ‘earshell’).  Aurivirus together with the genus Ostreavirus 

(type species OsHV-1) are the only members of Malacoherpesviridae within the Order Herpesvirales 

(Savin,et. al. 2010; Crane et. al., in-press). A phylogenetic tree illustrating the evolutionary 

relationship of viruses classified within each genus of the Herpesviridae, Malacoherpesviridae and 

Alloherpesviridae families comprising the Herpesvirales is provided in Figure 1.7. 
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Figure 1.6: Electron micrograph of AbHV particles.  

Image of an ultrathin section of a pleuropedal ganglion. A. Micrograph of a putative glial cell and 

surrounding connective tissue (CT) showing viral capsids (short arrow) within a nucleus (Nu) and 

enveloped virus particles within extracellular granular material (long arrow), Bar = 900 nm. B. Higher 

magnification of capsids within the nucleus, Bar = 200 nm. C. Higher magnification of the virus particle 

indicated in (A), Bar = 200 nm (Corbeil et. al. 2012). 
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Figure 1.7: Molecular phylogenetic analysis of Herpesvirales.                                                  

The DNA polymerase and terminase full length protein sequences were concatenated, then Mega6 

(Tamura et. al., 2013) was used to infer the evolutionary history. Image from Savin et. al. (2010). 
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1.2.3  Strain types 

DNA viruses replicate in the nucleus of the cell and usually do not mutate readily, however 

herpesviruses may exhibit multiple strains or types with varying pathogenicity or body system tropism 

(Roizman & Pellett, 2001). It is not known if these generalisations can be applied to AbHV but a 

number of variants of the virus are known to occur.  

 

Comparison of genome regions within AbHV isolates from Victoria and Taiwan identified that these 

possess between 92.4% and 96.6% nucleotide homology (Cowley et. al., 2011). Observations in 

Tasmania also suggest that a number of strain types are occurring in wild abalone populations (Ellard 

et. al., 2012). Whether individual AbHV strains vary in phenotype, infectivity or virulence is yet to be 

determined.  

 

 

1.2.4  Transmission 

Enveloped viruses are generally considered fragile in the environment, do not survive well outside the 

host and require close contact for transmission (DAFF, 2008). Being an enveloped virus AbHV is 

considered to be comparatively easy to inactivate but has been shown to remain viable for up to 

48hours outside the host (Crane et. al., 2014).  

 

Observations within infected premises in Tasmania noted that the virus survived in water treated with 

low levels of ozone and spread via water flowing between tanks. Horizontal transmission has also 

been demonstrated experimentally either by exposing healthy abalone to water containing diseased 

abalone in which direct contact could not occur, or by placing healthy abalone in water that had 

previously contained diseased abalone (Chang et al., 2005; Corbeil et al., 2012).  

 

Production of excessive mucus from diseased abalone was been a common observation in Victorian 

AVG disease events and some Tasmanian cases. It has been shown that the virus may be contained 

within this mucus (Ellard et. al., 2012), but recent work undertaken by Corbeill et. al (2014) suggested 

that virus infectivity was not prolonged by carriage within mucus. 
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The role of mucus in viral transfer and survival outside the host requires further investigation before its 

significance in the spread of AbHV can be confirmed.  

 

The possibility of vertical transmission of AbHV is an important biosecurity issue for abalone farms 

during spawning procedures, particularly where wild abalone are used as broodstock. Unfortunately 

this aspect of AVG transmission has not been investigated adequately and it is not known whether 

vertical transmission occurs.    
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1.3 HOST 

Abalone, or ‘ear-shells’, belong to the family Haliotidae and genus Haliotis within the class 

Gastropoda (Edgar, 2012). Although sources differ in their estimations, it is generally agreed that 

there are approximately 75 members of this genus worldwide (Gordon & Cook, 2013). Where suitable 

rocky habitat exists, abalone may be found on inshore reef systems in most temperate and tropical 

marine environments.  

 

 

1.3.1  Susceptible Species 

Australian abalone species confirmed as being susceptible to AVG include the greenlip abalone 

(Haliotis laevigata Donovan 1808), blacklip abalone (H. rubra Leach 1814) and hybrids of these two 

species (Ellard et. al. 2009; OIE 2012). In Taiwan, mortalities have been reported in diversicolor 

abalone (H. diversicolor Reeve 1846) (Chang et. al. 2005). Other species within the Haliotis genus 

are also considered likely to be susceptible to the disease; however Japanese black abalone (H. 

discus discus) on Taiwanese farms were reported to demonstrate resistance (Chang et. al. 2005). 

 

Outbreaks of AVG within both farmed and wild abalone populations in Victoria and Taiwan were 

associated with the rapid onset of disease across all age classes (Chang et. al., 2005; Corbeil et al., 

2010). To-date, there have been no reports of disease in wild Tasmanian abalone populations, 

however clinical disease has been noted once wild-caught abalone are moved to live-holding systems 

(Ellard et.al., 2009, 2012). 

 

Clinical signs consistent with AVG have not been reported in other molluscan species in areas where 

AVG has been observed or in areas where AbHV is suspected to be enzootic (Ellard et. al., 2012; 

OIE, 2012). During disease events in Victoria, divers surveying affected areas reported that 

mortalities were restricted to abalone and that other mollusc species appeared unaffected.  
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Figure 1.8: Gross appearance of clinically normal abalone.    

A. Blacklip abalone (H. rubra) B. Greenlip abalone (H. laevigata) 

  

C. Wild blacklip abalone (top and left) compared 

to a natural hybrid abalone (bottom right) 

D. Farmed hybrid abalone (right) compared 

to larger greenlip abalone 
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1.3.2  Abalone species present in Tasmania 

Three abalone species, blacklip, greenlip and grooved abalone (H. scalaris Leach 1814), are reported 

by Edgar (2012) to occur in Tasmanian waters.  Blacklip abalone are the principal commercial species 

fished across Australia, including Tasmania, whilst greenlip abalone make up approximately 15% of 

Australian abalone production (Miller et. al., 2014). These two species and their hybrid, commonly 

referred to as ‘tiger abalone’, form the basis of abalone aquaculture production in Australia.  

 

Blacklip abalone are reddish brown in shell colour with a black-edged foot and mantle (Figure 1.8A) 

and are reported to grow up to 220mm in length (Edgar 2012). This species is found throughout the 

entire coastline of Tasmania, including the islands of Bass Strait and southern Tasmania. Populations 

are also found in abundance along the southern coastline of mainland Australia, extending from 

northern NSW to Fremantle in Western Australia. Although some authors consider blacklip 

populations in Western Australia and parts of South Australia to be a separate species (Brownlip 

abalone - H. conicopora) these are generally considered a sub-species of H. rubra (Edgar 2012). 

 

Greenlip abalone are the largest abalone species found in Australia, growing to 230 mm in length 

(Edgar, 2012). They are identified by their smooth light coloured shell and green edge to the foot and 

mantle (Figure 1.8B).  Wild greenlip abalone populations do not extend as far south as blacklip and 

are generally restricted to the northern Tasmanian coastline, islands in Bass Strait and along the 

south coast of mainland Australia from Cape Naturaliste in Western Australia to Cape Lipstrap in 

central Victoria (Edgar 2012). 

 

 

1.3.3 Anatomy 

Abalone are distinguished by the characteristic ear shape of their shell, which has a low profile, very 

large aperture, and a row of respiratory holes running along the left side (Figure 1.9B). The muscular 

foot, which is larger in comparison to many other mollusc species, is used to clamp down securely 

onto rocky substrates as a means of protection from predators and strong water currents.  The shell is 

secreted by the mantle and grows in a spiral pattern.  
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The shell has a series of pores which are used to discharge water that is drawn from beneath the 

shell and across the gills (ctenidium). Abalone undergo anatomical torsion during early development,  

and as a result the anus is also located at the anterior aspect near the head (Crofts, 1938) (Figure 

1.9A). This modified anatomy allows shell pores to be used in the excretion of faecal waste and for 

the release of gametes during spawning (Crofts 1929 & 1938; Murayama 1935; Ino 1952; Cropp 

1989).  

 

Abalone graze a range of algae species on reefs that they inhabit. Feeding is facilitated by a rasp-like 

radula that is extended from the buccal cavity and is used to scrape over algae. Prolapse of this 

radula is a clinical finding reported in severely AVG affected abalone in Victoria (Hardy-Smith, 2006). 

 

 

Figure 1.9: General anatomy of abalone.  

Ventral view (A) and dorsal view (B). Source K. Scott within AGDAFF–NACA (2007). 

A. B. 
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1.3.4  Life cycle 

Abalone are dioecious with fertilization occurring in the water column following broadcast of gametes 

from shell pores during seasonal spawning (Shepherd & Laws 1974; Cropp 1989). Approximately 24 

hours after fertilization eggs hatch as planktonic trochophore larvae that are suspended within the 

water column by beating cilia. There is a short planktonic phase during which the larvae may be 

spread by water currents (Prince et. al.. 1987). Although development is temperature dependant, 

larvae usually settle as veligers approximately one week after spawning (D Brougham pers. com.). 

Following settlement the veligers graze on benthic algae or bacteria and commence metamorphosis 

into what is recognisable as the typical abalone morphology (Ino 1952; Cropp 1989).    

 

 

Figure 1.10: Life cycle of abalone.  

(Source Office of Protected Resources website, http://www.nmfs.noaa.gov/pr/) 
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1.3.5  Population Structure 

Benthic marine invertebrates such as abalone are typically patchy in distribution, with the spatial 

structure of populations being driven by the availability of suitable habitat, the presence of planktonic 

or pelagic phases or migration within the lifecycle, and reproductive strategies (Underwood & 

Chapman 1996; Miller et. al., 2014). Such species tend to form discrete population groups that may 

be isolated from other conspecies due to limited reproductive dispersal and a lack of migration 

(Morgan & Shepherd, 2006). Gene flow between such populations will therefore be strongly 

influenced by dispersal of larvae in the water column and mixing of gametes at the edges of 

populations (Waples 1987; Brown 1991). Following settlement, juvenile and adult abalone are largely 

sedentary and make only short local movements in search of food whilst grazing reef systems. 

Abalone populations are therefore largely dependent on local stock for juvenile recruitment. Animals 

within such populations can be expected to be highly adapted to local conditions and have limited 

genetic diversity (Brown 1991).  

 

A number of studies have been undertaken into the genetic diversity of abalone populations in 

Australia. One study by Brown (1991) suggested that even where populations were linked by suitable 

habitat, distance between blacklip abalone populations was the major contributor to genetic variation 

between sub-populations. This author suggested that genetic mixing within or between blacklip sub-

populations was limited to distances less than 3km and hypothesised that this occurred primarily at 

the edge of these populations (Brown & Murray, 1990; Brown 1991). In a separate study comparing 

mitochondrial DNA from four geographically distinct populations of Tasmanian blacklip abalone and 

one located in Victoria, it was found that all of the Tasmanian populations were genetically distinct 

from the Victorian population. The authors proposed that the lack of suitable habitat across most of 

Bass Strait was a significant barrier to gene flow between Tasmanian and mainland Australia abalone 

populations (Conod et. al. 2002). The relative genetic diversity of blacklip abalone is illustrated in 

Figure 1.11 from Brown (1991).  

 

Other research examined the population structure of greenlip abalone in Tasmania (Miller et. al., 

2014). It was noted that even though this species had a life cycle similar to blacklip abalone, genetic 

mixing occurred across a larger area and the authors suggested that this difference was linked to the 
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Figure 1.11: Genetic diversity of blacklip abalone populations. 

Phylogenetic tree illustrating genetic diversity of seventeen blacklip abalone populations across 

southern Australia. Genetic variation between sample groups is based on Roger’s genetic distance 

(Rogers, 1972). The red outline designates samples from Tasmanian populations. TNP and TSA were 

within southeast Tasmania; THI and TBH were in Southern Tasmania; TFI was Furneaux Island in 

northwest Tasmania. Samples beginning with V, S and W originated from Victoria, South Australia 

and Western Australia respectively. (Source, Brown, 1991)    

 

 

ecological niche that each species inhabits within the same reef ecosystem. Greenlip are observed to 

inhabit more open areas, whilst blacklip abalone tended to congregate in areas associated with dense 

algal communities that restrict larval distribution. 

 

The studies suggested  that greenlip abalone in south-east Australia form discrete metapopulations 

and that Tasmanian populations generally encompass reef areas of around 30km2 that are 

maintained through self-recruitment with distances of up to 135km being effective barriers to larval 

dispersion (Mayfield et. al. 2014). Greenlip populations in northwest Tasmania have significantly lower 

allelic diversity than populations within the Great Australian Bight or Spencer Gulf, and it was 

suggested that this reduced diversity is caused by the Tasmanian population being located at the 
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southern end of their natural distribution range (Miller et. al. 2014), whilst Bass Strait to the north 

isolated the Tasmanian population from mainland populations. 

 

 

1.3.6  Immunology 

Within mollusc species the innate immune system is considered to be the primary defence 

mechanism against infectious disease (Magnadottir, 2006). Immune response in abalone is generally 

characterised by agglutination of haemocytes followed by phagocytosis, and elimination of pathogens 

by respiratory burst or exocytosis of antimicrobial factors (Adema et. al., 1991; Hooper et. al., 2007a). 

Although haemocytes are reported to be the principle mediators for both the stress and immune 

response, a humeral component of abalone innate immunity has also been shown to have antiviral 

components (Dang et. al., 2011).   

 

Production of antibodies and the potential for acquired immunity has not been demonstrated in 

mollusc species. Instead it is assumed that the development of immunity results from evolutionary 

processes at the population level rather than acquired immunity within the individual animal. This 

hypothesis is supported by work undertaken by Friedman et. al. (2014) who found that natural 

recovery of black abalone (Haliotis cracgerodii Leach 1814) populations within Californian island 

communities resulted in disease resistance. In populations previously decimated by the disease 

Withering Syndrome (aetiological agent Candidatus Xenohaliotis californiensis), rather than 

developing acquired immunity, remnant abalone populations were found to have reduced host 

response to the pathogen. Innate tolerance to the pathogen appeared to be an important factor in the 

survival of individuals in this case. Other work by Bathige et. al. (2014) identified a gene considered to 

be important in initiating innate immune response following pathogen invasion of the host. The same 

local evolutionary processes may play an important role in the development of immunity/tolerance of 

Tasmanian abalone to specific strains of AbHV. 

 

In Victoria, study of remnant abalone populations in areas previously exposed to the AbHV virus 

indicated that they did not exhibit signs of acquired immunity, nor did any abalone tested demonstrate 

detectable levels of resistance (Crane et. al., 2013). However, in a separate study the potential for 
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development of genetic resistance to AVG was demonstrated (Corbeil et. al., 2013). Data in this latter 

study suggested that innate resistance in abalone was under the control of a wide number of genes 

and demonstrated a heritability factor of h
2
=0.24, which is considered to be a moderate level of 

heritability. 

 

The stress response in abalone is considered to be closely linked to immune response, with the 

presence of stress factors being shown to decrease immune function. Research undertaken by 

Malham et. al. (2003) and Cheng et. al. (2004 a-e) demonstrated that exposure of abalone to mild 

stressors for extended periods resulted in a decline in haemocyte function. This pattern has been 

consistently demonstrated in abalone exposed to a range of stress factors commonly seen in abalone 

live-holding systems including increased nitrite and ammonia, low dissolved oxygen, and changes in 

salinity and temperatures (Cheng et. al., 2004 a-e).  In all cases common stress factors resulted in 

increased susceptibility to known pathogens of abalone such as Vibrio species (Cheng et. al., 2004a-

e). Thus, handling and environmental stress is considered to play an important role in expression of 

disease in both farmed and wild abalone.  
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1.4  ENVIRONMENT 

Commercial abalone species in Tasmania occupy a number of habitats within the natural 

environment, in processor live-holding tanks and on farms. Each has characteristics that that may 

contribute to the development of AVG. In many cases abalone will transit through a number of these 

habitats during the production process.  

 

 

1.4.1  Conditions suitable for abalone growth 

Although conditions within the natural marine environment will vary with latitude, season and depth, 

such conditions do not alter significantly over short time scales. A study that monitored  environmental 

conditions of abalone habitat on the mid-east coast of Tasmania found that temperature ranged from 

10 - 21°C, salinity was normally within 34 - 36‰, total ammonia was maintained less than 0.1 mg L
-1

, 

nitrite  less than 0.001 mg L
-1

 and pH 8.2 - 8.3 (Burke et. al., 2001). The same authors also 

investigated optimal conditions for abalone culture and their findings are summarised in the following 

paragraphs. It is important to note that these authors used growth rate and mortality as the principle 

indicators by which to assess suitable environmental parameters. Although important for commercial 

production, these are not always suitable indicators of reduced immunity caused by moderate 

changes in environmental conditions; nor are they good indicators of short term stress effects.     

 

Greenlip abalone were reported to prefer water pH in the range 7.78 to 8.77 whilst blacklip abalone 

had a more restricted range of 7.93 to 8.46. Significant mortalities were reported to occur at pH less 

than 7.16 or greater than 9.01. Changes in pH in marine systems are normally small due to the 

buffering effect of dissolved salts, however pH changes can occur where salinity is reduced. Both 

species tolerated salinity within the range 25 to 40‰, but optimum salinity was considered to be 35‰. 

Mortality rates were increased if abalone were exposed to low salinity before they were fully attached 

to a substrate, suggesting that abalone are able to modify the micro-environment beneath the shell in 

some way.  

 

Greenlip abalone survived and grew well across a range of temperature treatments. In contrast, 

blacklip abalone had a lower optimum temperature and showed best growth at 17°C. Growth and 
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survival of both species were reduced at temperatures above 19°C. Although increased temperature 

has been shown to reduce immunity, it has also been suggested that abalone may have more 

resilience to virus challenge compared to bacterial pathogens under conditions of elevated 

temperature (Dang et. al., 2012). The significance of this finding in relation to infection with AbHV is 

unknown; however it is consistent with the pattern of disease observed in Tasmania, where vibriosis 

is considered a summer disease. It is important to note that, although greenlip abalone have a greater 

tolerance to temperature, this species is not used for live-export markets because of its reputation for 

poor survival during transport.  

 

Significant reductions in growth of both greenlip and blacklip abalone also occurred when they were 

exposed to extended periods of increased ammonia or to low dissolved oxygen (Burke et. al., 2001). 

This finding is consistent with those made by Cheng et. al. (2004a-e) in which abalone immune 

response was found to be inhibited by chronic stressors such as ammonia, nitrite and low dissolved 

oxygen. In contrast, Burke et. al. (2001) found abalone to be reasonably robust to short term 

exposure to ammonia and low dissolved oxygen, suggesting that intermittent problems, such as pump 

failure, are less of an issue than poorly designed or managed production systems.  

 

 

1.4.2  Production system types 

The AQUAVETPLAN Enterprise Manual (Dep. of Agric., 2015) uses the ability to control water and 

animal movement as the principles by which to describe four basic aquatic production system types. 

These are identified as; ‘closed systems’, ‘semi-closed systems’, ‘semi-open systems’ and ‘open 

systems’.  

 

As there is no control over water or animal movement, abalone in the natural marine environment are 

considered to be in an open system, Abalone farms and flow-through live-holding tanks are semi-

closed systems because there is only limited control over water flow but good control over animal 

movement. Abalone held in full water recirculation systems are considered to be in closed-systems. 

Production systems in which there is control over animal movement but no control over water 

movement (semi-open systems) are uncommon in abalone production but can include long-line drum 
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culture, cage or open water ranching systems. There is currently only one example of a semi-open 

abalone production system operating in Tasmania, this being the use of hides placed in the natural 

environment to hold abalone in the same way that oyster production occurs on racks.   

 

Biosecurity within each of the four system types has been further described by Ellard (2014), in which 

biosecurity for each may be categorised as ‘entry level’, ‘internal’ or ‘exit level’ biosecurity or a 

combination of all three. As with the AQUAVETPLAN category system, assessment is made using the 

principle risk pathways of water and animal movement. The combination of the two classification 

methods allows assessment of a range of environments in which abalone are held for husbandry, 

transport and biosecurity purposes. These categories are summarised in Figures 1.12A through 

1.12G.  

 

Abalone production systems may be broadly grouped into (i) the natural marine environment, (ii) 

transport systems (iii) processor live-holding facilities and (iv) farm live-holding facilities. Biosecurity 

risks for each of these systems is summarised in Table 1.1.  

 

1.4.2.1  Open systems 

The natural habitat of abalone is rocky reefs in fully marine conditions on exposed coasts, usually at 

depths of less than 40 metres. Although greenlip and blacklip abalone commonly inhabit the same 

reef ecosystem in northern Tasmanian regions, greenlip tend to prefer more sheltered conditions and 

congregate at the boundary of reefs and boulders (Edgar 2012). Blacklip occupy areas that are more 

cryptic and are often associated with dense algal communities, within rock fissures or underneath 

rock overhangs.  

 

Abalone are harvested from all areas of the Tasmanian coastline, including islands. The Tasmanian 

abalone fishing industry is managed through a strict quota system based on a series of production 

zones and fishing blocks (Figure 1.13). This fishing block and associated quota recording system 

provides a convenient mechanism for monitoring movement of abalone for disease investigation 

purposes.  
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Figure 1.12: Diagrammatic representation of production system types.  

Diagrammatic representation of production system types described in the AQUAVETPLAN Enterprise 

Manual and major disease risk pathways. (Source, Ellard, 2014). 

 

A: Open system B: Semi-open system 

  

C: Semi-closed system D: Closed system 

  

E: Entry-level biosecurity  F: Internal biosecurity  G: Exit-level biosecurity 
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Table 1.1: Summary of abalone production systems present in Tasmania.  

Activity Habitat 
Production 

system 
Disease risk pathway 

Entry level 
biosecurity 

Internal 
biosecurity 

Exit level 
biosecurity 

Comments 

Commercial 
fishing 

Natural 
marine 

Open 

 

Water No No No 1: Well boats are required to cease 
water discharge temporarily when 
travelling through high risk regions.  

2: Internal biosecurity for the water 
pathway will depend on the design of the 
individual facility.   

3: Since 2009 Live-holding systems 
taking abalone from outside their 
biosecurity region are required to 
disinfect water before it is returned to the 
marine environment. Prior to this, there 
was no exit-level biosecurity on flow-
through processors.  

4: Internal biosecurity will depend on the 
design of the individual facility; however 
many have multiple re-circulation 
systems and in-line water treatment. 

5: Hybrid systems normally run as 
recirculation systems to enable control of 
salinity and temperature, however they 
may run as flow-through during peak 
periods to clear waste build-up. 

Culture/harvest animal No No No 

Disease reservoir species No No No 

Transport Well boats 

Semi-
closed 

 

Water No No Potential
1
 

Culture/harvest animal No No Yes 

Disease reservoir species Yes No Yes 

Processing 
live-holding 

Flow-
through 

Semi-
closed 

Water No No
2
 Yes

3
 

Culture/harvest animal No No Yes 

Disease reservoir species Yes Yes Yes 

Re-
circulation 

Closed 

 

Water Yes Yes/no
4
 Yes 

Culture/harvest animal No No Yes 

Disease reservoir species Yes Yes Yes 

Hybrid 
Semi-

closed and 
closed 

Water Potential
5
 No Yes

3
 

Culture/harvest animal No No Yes 

Disease reservoir species Yes Yes Yes 

Farms 

Land-based 
Semi-
closed 

Water No No
2
 No 

Culture/harvest animal Yes Potential Yes 

Disease reservoir species No No Potential 

In-sea 
culture 

systems 
Semi-open 

Water No No No 

Culture/harvest animal No Yes Yes 

Disease reservoir species No No No 
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The fishery operates through the use of commercial divers collecting abalone of appropriate size for 

temporary storage aboard vessels prior to transport back to processors for either freezing, canning, 

drying or live-holding. Fishers may utilise small dinghies during day-trips or work in association with 

larger mother-boats where abalone are held  on-board at high densities in live-holding tanks for up to 

five days (usually 3) prior to transfer to processors.  

 

1.4.2.2  Semi-closed systems 

When first established in the 1960’s Tasmanian abalone production was primarily for canned and 

frozen product, with shucking often undertaken aboard fishing vessels. With the development of 

markets into China there was a preference of live product by customers. Establishment of live-holding 

facilities at abalone processing facilities began during the 1990’s and is now standard within 

Tasmania. Abalone fishing industries in other parts of Australia do not have the same emphasis on 

live-export, and rely primarily on processed product.  

 

Whilst aboard mother-boats, abalone are held in flow-through live-holding tanks and are subject to 

fluctuations in water temperature as water must be drawn from the sea surface. The vessels do not 

currently have the capacity to decontaminate discharge water and pump water through holding tanks 

throughout the voyage.  

 

Upon entering processors, abalone of differing species and from different geographic regions may be 

mixed in live-holding tanks for an indefinite period prior to live export overseas or interstate. 

Processors may receive abalone from all parts of Tasmania, and if located outside Tasmania, from 

multiple states. Figure 1.13 provides a summary of processing and live-holding facilities occurring 

throughout Tasmania.  

 

The conditions under which abalone are held within live-holding facilities varies between individual 

companies with host stress and biosecurity subject to tank design, water quality management and 

husbandry practices. Processor live-holding systems may be classified either as closed-loop (closed), 

flow-through (semi-closed) or a combination of the two systems (hybrid).  
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Figure 1.13: Tasmanian commercial abalone infrastructure.  

Fishing regions are shown in blue; fishing blocks in black. Also identified are commercial abalone 

facilities within Tasmania. Abalone farms are shown in green; processor live-holding facilities are 

signified in red and holding depots in brown. (Source DPIPWE)  
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Abalone farms also operate as flow-through systems (semi-closed) during the grow-out phase of 

production. The high biomass densities and feeding inputs require very high water flows to ensure 

environmental conditions are maintained for optimum growth, however this high water flow also 

makes entry level biosecurity for water pathways difficult. Pumping costs are a major production cost 

for farms and any measures, such as filters, that inhibit water flow have a significant economic impact. 

 

Flow-through systems rely primarily on seawater pumped from the marine environment and circulated 

through tank systems. These systems have the advantage of being able to cope with nitrogenous 

wastes and sudden changes in biomass, but are subject to temperature and water quality variation 

depending on local environmental conditions. At least one Tasmanian case of AVG has been linked to 

chronic low water salinity due to prolonged periods of heavy rain. Such systems lack any form of entry 

level biosecurity as water and abalone continually enter the premises. Flow-through systems can use 

serial and/or parallel water flow patterns as part of internal biosecurity measures. Parallel flow avoids 

water from one tank entering another and assists in limiting spread of pathogens within the facility. 

Continual water exchange also tends to flush pathogens from tanks, thus lowering environmental 

loads within tanks. 

 

1.4.2.3  Closed systems  

Closed production systems utilise bio-towers in which autotrophic bacteria convert nitrogenous waste 

to non-toxic nitrates. These systems generally maintain much greater control over water biosecurity 

and environmental parameters (primarily temperature and salinity) than flow-through systems but 

require a higher level of technical expertise to ensure maintenance of water quality parameters such 

as nitrogenous wastes and organic matter. Closed systems require time for Nitrosomonas spp. and 

Nitrobacter spp. levels within biofilters to adjust to increases in nitrogenous wastes following 

introduction of abalone biomass and cannot accept sudden large increases of biomass without 

undertaking water changes for a period to reduce ammonia build-up. 

 

Pathogens excreted by sub-clinical carriers and diseased animals may also accumulate within closed 

systems and be circulated throughout tank systems. The need to maintain bacterial cultures within 

biofilters makes closed systems difficult to decontaminate. As a result, in-line water treatment is used 
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in many facilities, using a combination of mechanical filtration and protein skimmers to remove the 

bulk of organic matter followed by treatment with ozone and/or ultra-violet irradiation to inactivate 

pathogens.  

 

Figure 1.14: Production system types.  

Wild blacklip abalone within mother-boat holding tanks (A & B). Farmed abalone, showing parallel 

water flow to tanks (C) and normal stocking densities (D). Processor live-holding facilities, closed 

system with individual biofilters (E) and flow-through live-holding tanks (F). 

A. 

 

B. 

 

C. 

 

D. 

 

E. 

 

F. 
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SECTION 2: RESULTS OF INVESTIGATIONS 

 

Section 2 describes results of investigations undertaken into AVG and AbHV in Tasmania. These  

include a series of case studies occurring between 2008 and 2011, identification of AbHV strain types, 

assessment qPCR tests for testing asymptomatic abalone populations and an estimation of AbHV 

prevalence in wild abalone populations throughout Tasmania.  

 

 

2.1  CASE REPORTS FOR AVG IN TASMANIA 

The following section provides details on cases of AVG occurring in Tasmania between 2008 and 

2011. 

 

2.1.1  Methodology 

Personal notes and observations by the author, being the principal veterinary officer investigating all 

AVG cases in Tasmania, have been combined with DPIPWE records to provide a case summary for 

each disease event. Department of Primary Industry records used were laboratory reports for each 

case, fishing quota records to provide information on stock movements and emergency response 

records. Where available, company records were also accessed. As part of preparations for this 

report, managers of selected facilities were re-interviewed to confirm information. 

 

Each premises diagnosed with clinical AVG has been identified with a code TIP1 through to TIP7 (i.e. 

Tasmanian infected premises). Where the presence of AbHV was identified, but without signs of 

clinical disease in one or more abalone, the facility is identified by TSP (i.e. Tasmanian suspect 

premises). Wherever possible, risk factors contributing to each event were identified and these have 

been summarised within Table 2.4. The location of all TIP’s and TSP’s is illustrated in Figure 2.1 

 

Throughout the course of Tasmanian investigations the definition of a positive AVG case has 

changed. Early Tasmanian case definitions were based on tests developed following the Victorian 

outbreak and used qPCR described in Corbeil et. al. (2010). This paper compares qPCR with 

histology to calculate a qPCR (ORF49) test sensitivity of 96.7(95%CI: 82.7-99.4) and specificity   
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Figure 2.1: Location of properties affected by AVG. 

Numbers identify location of all TIP and TSP properties. 1:TIP1 (2008); 2:TIP2 (2009); 3:TIP3, 4:TIP4, 

5:TIP5, 6:TSP1, 2:TSP2 & 7:TSP3 (2010); 8:TIP6; 7:TIP7 (2011). In two cases (TIP2/TSP2 site 2 and 

TSP3/TIP7 site 7) codes represent unrelated infection occurring within the same facility on more than 

one occasion.    
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of 99.7 (95% CI: 99.3-99.9) using a Ct cut off of 35.8.  This definition was later found to be unsuitable 

for Tasmanian conditions as it did not recognize all AbHV strains. A summary of case definitions used 

for each Tasmanian case is supplied in Table 2.1, however changes to case definitions relate 

primarily to interpretation of qPCR results.  

 

Throughout this document, where confidence intervals for proportions are quoted, unless stated 

otherwise, these are calculated according to the method described by Ross (2003). Significance 

between proportions is determined by comparing confidence intervals, as described in Petrie and 

Watson (2013).  Confidence intervals for relative risk are calculated according to Katz et. al., (1978).  

 

 

Table 2.1: Diagnostic case definitions used in Tasmania for AVG. 

Definition 
version 

Case 
applied 

Year Positive Case definition 

1 TIP1 2008 

Cases of clinical disease in abalone associated with; 
1. Significant increase in morbidity or mortality, 
2. Histopathology indicating characteristic ganglionopathy, and  
3. A qPCR Ct result less than 35.8 using ORF49    

2 TIP2 2009 

Cases of clinical disease in abalone associated with at least two of 
the following criteria; 
1. Significant increase in morbidity or mortality, 
2. Histopathology indicating characteristic ganglionopathy , or  
3. A qPCR providing a Ct result less than 35.8 using either ORF 

49, 66 or 77.    

3 TIP3-5 2010 

Cases of clinical disease in abalone associated with at least two of 
the following criteria; 
1. Significant increase in morbidity or mortality, 
2. Histopathology indicating characteristic ganglionopathy, or  
3. A qPCR result providing a Ct result less than 40 using either 

ORF49, 66 or 77.    

4 
TIP6 
TIP7 

2011 

Cases of clinical disease in abalone associated with at least two of 
the following criteria; 
1. Significant increase in morbidity or mortality, 
2. Histopathology indicating characteristic ganglionopathy, or  
3. A qPCR Ct result showing a characteristic amplification curve 

using either ORF 49, 66 or 77.    
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2.1.2  Case Study 1: Tasmanian infected premise one (TIP1), 2008 

 
2.1.2.1  Background 

Reports of elevated mortalities within live-holding tanks at a seafood processing facility (TIP1) located 

in suburban Hobart were received by DPIPWE on 2 September 2008. Facility employees had noted 

rapid onset of morbidity and mortality in one tank of wild blacklip abalone consisting of two fishing 

consignments collected from separate regions of Tasmania. The mortalities began soon after the 

second consignment was added to the live-holding tank (tank 3). All abalone within this tank were 

emergency harvested soon after onset of clinical signs but morbidity prior to harvest was estimated to 

be between 45%-65%, however the relative mortality for each fishing cohort within tank 3 is not 

known.    

 

During interviews conducted by DPIPWE veterinary personnel, TIP1 management indicated that they 

had experienced low grade mortalities in multiple banks of tanks for a period of approximately 6 

months, which they had previously attributed to water quality issues. Affected abalone presented with    

bloating, excess mucus production and unseasonal spawning soon after entering live-holding tanks. 

These signs occurred in conjunction with a condition referred to as hard-foot
1
. Hard-foot affected 

abalone were described as having curling and hardening of the muscular foot, with the condition 

generally noted in abalone that had been held in tanks for more than one week. Affected abalone did 

not die but became progressively weakened and were rejected upon receival by overseas customers. 

Management of TIP1 indicated that other processors had also reported similar hard-foot problems.  

 

2.1.2.2  Facility description (Type: Closed) 

The TIP1 was a modern and well-designed processing facility consisted of 6 banks of live-holding 

tanks, each comprising two tanks of 20 000 litres connected to a dedicated bio-filter and secondary 

shell-grit tank. Each bank was a closed system without exchange of water with others; however water 

flowed continuously between all tanks within each individual bank. Refer to Figure 2.2 for a 

description of tanks and flow patterns. Water within each system was treated with in-line ozone 

injection.   

  

1: Hard-foot’ is a condition described by processors and implies tetanic paralysis is present in affected fish. The cause and 

clinical significance of this is not clearly understood, but suggests a response to a low grade stressor or tetanic paralysis is 

present within affected abalone. 
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The live-holding banks were used to hold a range of live fish species including greenlip and blacklip 

abalone, southern rock lobster (Jasus edwardsii) and pippies (Donax spp.). Different abalone species 

as well as abalone from separate regions of Tasmania were regularly held within the same tank or 

bank of tanks. Abalone could enter the tanks direct from commercial fishers operating throughout 

Tasmania, other Tasmanian processors or Tasmanian abalone farms. Tasmanian legislation does not 

allow import of abalone from regions outside of Tasmania.  

 

 

Figure 2.2: Plan of infected live-holding bank within TIP1 

 

 

 

2.1.2.3 Results of tracing investigations and laboratory testing 

At the time of DPIPWE investigations, all abalone had been removed from tank 3 and harvested into 

IQF product, however four blacklip abalone had been retained for examination, two from each of the 

fishing cohorts. Although TIP1 personnel reported these as being dead, they were later found to be 

alive but moribund. Clinically, the abalone were slow in movement (righting ability
2
) and exhibited 

signs of hard-foot. Samples were submitted to the DPIPWE Animal Health Laboratories for 

histological examination and testing using qPCR (ORF49) as described by Corbeil et. al. (2010).  

 

2: Righting ability is a clinical test used to assess general condition of abalone. Abalone being assessed are placed shell down 
on a hard flat surface and the time taken to right themselves is measured. In the case of the affected abalone, this response was 
considered slow (> 2 minutes). 
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The regulated nature of the Tasmanian abalone industry together with processor records ensured that 

accurate records were available on the origin of all abalone in TIP1. Abalone within tank 3 were 

collected from two geographically separate regions, the central east fishing region (Group 23) and the 

southwest fishing region (Group 14B). Group 14B were introduced to TIP1 on 18 August with Group 

23 added to the tank on 27 August. Records also indicated that this was the first time that this facility 

had accepted abalone from fishing block 14B. Clinical signs began to appear three days after Group 

23 entered tanks (August 30).    

 

Histopathology results reported findings consistent with AVG in the abalone from Group 23 but not 

those from Group 14B. Testing using quantitative qPCR (ORF 49) indicated that all abalone were 

infected with AbHV, but the Ct values in Group 14B were consistently lower, indicating a high level of 

carriage of AbHV. At the time of testing, a positive result for PCR was assigned to samples with a Ct 

value of 35.8 or less. Suspect (indeterminate) values were assigned to samples with Ct values close 

to this arbitrary cut off point.  Interpretation advice provided by DPIPWE Animal Health Laboratories 

indicates that a Ct value >28 contains a low viral load, whilst Ct values <28 contain high viral loads. 

 

Table 2.2: Round 1 test results from TIP1 

Sample Group Histopathology PCR result Ct value 

A 23 Positive Positive 32.17 

B 14B Negative Positive 24.97 

C 14B Negative Positive 23.53 

D 23 Positive Indeterminate 35.52 

 
 
 

In light of the PCR findings, histological material from all abalone were re-examined and these 

indicated very mild ganglion lesions in both abalone from Group 14. Although these lesions were 

suggestive of AVG, they were not considered typical of that described for Victorian and Taiwanese 

cases and did not satisfy the case definition for a positive case (Version 1).  Figures 2.3 and 2.4 

demonstrate the comparative histopathology of each sample group. 
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Figure 2.3: Histological photograph of blacklip abalone in Group 23.  

Photograph of H&E section indicates heavy haemocyte infiltration within and surrounding the 

affected nerve. (Source, DPIPWE). 

 

 

Figure 2.4: Histological photograph of blacklip abalone from Group 14B.  

Photograph of H&E section illustrates very mild haemocyte infiltration surrounding affected 

nerve. Such pathology would not normally be considered indicative of AVG. (Source DPIPWE) 
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A further 15 abalone were sampled from TIP1 on 11 September. This second test population included 

5 greenlip abalone (Group 39) and 5 blacklip abalone (Group 24a) from the shell-grit tank and tank 4 

respectively within the infected bank. Results for both groups were similar to that described for Group 

14B, low grade pathology not considered typical of AVG but positive for AbHV in a portion of abalone 

tested. Group 24 were sourced from an area of coastline halfway between Groups 23 and 14b. A 

further 5 blacklip abalone (Grp 24b) that were part of the same fishing cohort as Group 24a were also 

collected from a separate bank that had no history of disease. All five abalone tested negative for 

AVG on both histopathology and qPCR (ORF49). 

 

A summary of test results for TIP1 is provided in Table 2.3, however due to the low test numbers 

there is no significant difference in test groups. An odds ratio was calculated for abalone present in 

tanks for more than 7 days compared to abalone that had been present 7days or less. This provided a 

result that those present for the longer period were 6.25 times more likely to test positive for AbHV 

using qPCR. Again, as a result of the low test numbers involved, this result was not significant when 

confidence intervals were calculated using Woolf's Method (as described within Statistical Methods in 

Epidemiology, Monographs in Epidemiology and Biostatistics Vol 12, Oxford University Press). 

 

Table 2.3: Summary of test results for TIP1  

Ambiguous results have been included within the negative results group for calculations (1). Samples within group 24B have 

not been included in totals or calculations (2). Confidence intervals calculated using method described by Ross (2003). 

    Histopathology Result PCR result 

Test 
group 

Species 
Clinical 
signs 

Days in 
tank 

Pos. Neg. 
% 

Pos. 
95% CI 

(%) 
Pos. Neg.

3
 

% 
Pos. 

95% CI (%) 

14B BL Yes 16 0 2 0 0-84.2 2 0 100 5.8-100 

23 BL Yes 7 2 0 100 15.8-100 1 1 50 1.3-98.7 

39 GL No 11 0 5 0 0-52.2 3 2 60 14.7-94.7 

24A BL No 7 0 5 0 0-52.2 1 4 20 0.5-71.6 

24B
4
 BL No 7 0 5 0 0-52.2 0 0 0 0-52.2 

Total 2 12 16.7 1.8-42.8 7 7 50 23.0-77.0 
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2.1.2.4  Surveillance 

Prior to diagnosis of disease within TIP1, AVG had not previously been detected in Tasmania. 

Despite being unable to find any link between TIP1 and a source of infection outside of Tasmania, 

there was significant concern within both government and industry that the introduction of AbHV to 

State waters could produce the same impact as observed in Victoria during 2005/6 (refer to section 

1.1.1.3 for further details). Therefore a structured surveillance program aimed at detecting AVG was 

undertaken. 

 

Tasmanian coastal waters are divided into a number of regions and fishing blocks and commercial 

abalone divers are required to provide information on the weight of abalone caught and the block 

where they are taken. This enabled a mechanism to trace the origin of abalone within TIP1 and other 

processor live-holding facilities.  Based on these tracing details a list of surveillance priorities was 

developed and these are shown in Figure 2.5. 

 
A total of 1774 abalone originating from 64 fishing blocks were collected and tested using qPCR 

(ORF49) and histopathology. Collection of abalone was conducted by sampling of processor live-

holding facilities and surveillance of high priority areas using DPIPWE dive teams. In both cases 

abalone showing signs of weakness or clinical disease were preferentially sampled. Areas where test 

abalone originated are illustrated in Figure 2.6.  

 

There were no positive histopathology results in any abalone tested and only one positive qPCR 

result was obtained from an abalone collected within block 14B. No evidence of disease was noted by 

divers during sampling of block 14B. The positive qPCR result was verified by injecting infected 

material from the positive abalone into disease free abalone at CSIRO-AAH and was subsequently 

tested using qPCR (ORF49). The increase in viral titre noted in the second group indicated that viral 

replication had occurred in the test abalone. 

 

Testing using qPCR (ORF49) and a Ct cut-off of 35.8 provided an apparent prevalence of 0.06% 

(95%: 0-0.3). This was converted to real prevalence using the formula;  

RP = (AP + Sp – 1) ÷ (Se + Sp - 1) where Se= 0.967 and Sp= 0.997 (Corbeil et. al., 2010).  
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This calculation provided a real prevalence value of <0 (-0.0244). A repeat of the values using 

Epitools (1) also provided negative results. Similar calculations for block 14B indicated a test 

prevalence for this population of 0.54% (CI 95%: 0-3.0) and real prevalence of 0.25% (CI:0-2.5)  

   

These results suggested that either; 

 the prevalence of AbHV in the Tasmanian marine environment was extremely low, being 

close to 0, and/or 

 AbHV was localised to only a very small geographic region and/or   

 the case definition or the test parameters used for qPCR (ORF49) were not suitable for 

Tasmanian conditions. 

 

 

2.1.3  Case study 2: Tasmanian infected premise two (TIP2), 2009. 

2.1.3.1  Background 

The Tasmanian DPIPWE Animal Health Laboratories became aware of a second case of AVG when 

a water sample from a private laboratory was submitted for testing on August 8, 2009 with the request 

to identify mucus-like material within it. The sample tested positive to AbHV when tested using qPCR 

(ORF 49) and initiated an investigation by DPIPWE veterinary personnel. 

 

The water sample had been collected at an abalone processing facility located in south-eastern 

regional Tasmania (TIP2). History supplied with the submission indicated that it had been collected 

from live-holding tanks experiencing elevated mortality problems and in which large quantities of thick 

rope-like mucus had been observed. The manager of TIP2, who had worked in Tasmanian industry 

for many years, stated that he had not previously seen this type of material and was concerned that it 

was linked to the deaths of the abalone.     
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Figure 2.5: Surveillance priorities. 

Surveillance priority regions identified as part of trace-back activities from TIP1. Red areas were 

designated as high priorities and green areas moderate priorities. (Source DPIPWE) 
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Figure 2:6: Abalone fishing blocks sampled for AbHV. 

Coloured blocks identify where abalone were collected for AbHV testing during 2008. The shading 

indicates the number of abalone selected from each block. (Source DPIPWE)  
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Investigations indicated that two mortality events had previously occurred at this facility prior to 

August 2009. Clinical signs observed during the first event in early June were elevated mortality rates 

in affected tanks, but without other overt signs of disease. Abalone within affected tanks were 

reported to have begun dying approximately 8 days after the introduction of a large quantity of wild 

abalone (6200kg) from the Tasmanian central-west fishing region in early June. Approximately 

5000kg were reported to have been affected and eventually required emergency harvest. Affected 

tanks were located in a newly built section of the facility and these tanks had not previously been 

stocked with abalone or other fish species. A second mortality event occurred in late June and it is 

this event that was associated with rope-like mucus strands observed by the manager. Following this 

second event all tanks were destocked and the tanks systems flushed with seawater.  

   

2.1.3.2  Facility description (Type: Hybrid) 

The facility consisted of live-holding tanks in two separate sheds. Tanks had capacity for full 

recirculation with all having biofilters, protein skimmers and ozone injection of water. Ozone was 

reported to be routinely run at an oxygen reduction potential (ORP) of 350mV. Tanks also had 

capacity to be run on flow-through (semi-closed systems). Shed 2 was only recently established, with 

the three tanks within being first commissioned in April 2009. Tanks within TIP2 are shown in Figure 

13E within Section 1.  

 

This facility was located beside Blackmans Bay, this being a large shallow body of estuarine water 

only a few metres deep and subject to variation in salinity levels. Water for the tanks was drawn from 

this bay. Live-holding tanks were not able to be run on full recirculation due to the inability to 

adequately condition newly established biofilters, thus tank water was continually refreshed using 

water from the bay.  Mortalities were originally attributed to low salinity levels within tank water 

following very high rainfall.  

 

2.1.3.3  Results of tracing investigations and laboratory testing 

Shortly prior to investigations by DPIPWE veterinary personnel in mid-August TIP2 had received a 

second consignment of west coast abalone. Gradually increasing mortalities were reported in this 

group approximately 3 days after entering the facility. A sample of 20 moribund blacklip abalone were 
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collected from affected tanks and submitted for testing. The abalone consistently showed 

histopathology strongly characteristic of AVG, but all were negative when tested using qPCR 

(ORF49). Despite the negative qPCR results a diagnosis of AVG was made by the Tasmanian Chief 

Veterinary Officer. Further investigation by CSIRO-AAHL later supported this diagnosis by identifying 

herpesvirus-like particles in affected abalone tissue using electron microscopy.  

 

During development of the qPCR test for AbHV (Corbeil et. al., 2010), CSIRO-AAHL had identified 

two additional sites on the virus genome (ORF66 and ORF77) that could be used for qPCR testing. 

Retesting of the abalone from TIP2 using OR66 and ORF77 gave positive results for AbHV.    

 

 

2.1.4  Case study 3: Multiple infected premises (TIP3-5; SIP 1&2), 2010 
 
2.1.4.1  Background 

In late December 2010 active AVG surveillance detected clinical disease in a processing facility 

(TIP3) located south of Hobart. As with previous Tasmanian cases, this facility had experienced 

increasing but unexplained mortality rates over a number of weeks. Overseas customers also 

reported unacceptable mortality in exported live product.   

 

Tracing investigations undertaken as part of the response to TIP3 resulted in the detection of disease 

in another processor (TIP4) on the east coast of Tasmania and a neighbouring abalone farm (TIP5) 

during early January 2011. Following diagnosis of AVG all three facilities were required to cease 

discharge of water into the marine environment and undergo destocking procedures.  

 

Surveillance activities also detected another three processors (TSP1, TSP2 and TSP3) infected with 

AbHV over the following weeks. In these cases, positive PCR results for AbHV occurred without 

evidence of elevated mortality or histopathology characteristic of AVG.  

 

2.1.4.2  Facility description 

Abalone farms in Tasmania are flow-through (semi-closed) production systems that rely on frequent 

exchanges of water to maintain a suitable environment for high stocking densities. At the time of 
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disease detection TIP5 held over 60 tons of farmed abalone across a range of age classes spread 

across 760 grow-out tanks. This was the second largest farm operating in Tasmania with stock on 

hand being valued at approximately $2.5mill. The facility produced greenlip abalone for canning and 

freezing, but also maintained small populations of blacklip and tiger abalone. 

 

Farm water intake was at a rate of 300 litres per second resulting in a complete exchange of water 

across the farm twice daily (24hrs). The farm was the immediate neighbour of TIP4 and drew water 

from a sump located approximately 100 metres south of the TIP4 outflow.  

 

Both processing facilities (TIP3 and TIP4) were hybrid production systems and had capacity to 

operate as flow-through systems or recirculate tank water. In both cases biofilter infrastructure and in-

line water treatment was rudimentary; relying on shell-grit tanks to filter and treat recirculating water. 

Neither facility treated tank water to reduce pathogen levels or organic loading (ie. in-line ozone or UV 

treatment, protein skimmers or other mechanical filtration).  Both processing facilities held only 

blacklip abalone harvested from southern Tasmania. 

 

2.1.4.3  Results of investigations and laboratory testing 

Processors (TIP3 and TIP4) 

Examination of fishing quota records held by DPIPWE indicated that both TIP3 and TIP4 received 

blacklip abalone from a single fishing consignment in mid-November as part of a build-up of stocks 

prior to Chinese New Year. This consignment originated from the central west coast fishing region 

and was transported to the processors by road transport.  

 

Records for both facilities indicate a sharp increase in mortality rates during late November and early 

December, approximately 12 days later. Mortality rates have been calculated for TIP3 using kilogram 

live-weight in lieu of individual animal number and this data is shown in Figure 2.7. Similar data were 

not available for TIP4. 
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Investigations indicated that TSP3 also received abalone from the same fishing consignment, but no 

direct link could be found to connect the three infected processors (TIP3, TIP4 and TSP3) and the 

remaining two facilities testing positive to AbHV (TSP1 and TSP2). 

 

  

Figure 2.7: TIP3 live-tank biomass and mortality rates.  

Biomass held within TIP3 tanks from October through to December (A). Daily mortality rate over the same period 

(B). The red arrow indicates the date at which the common consignment entered the premises. 

A. 

 

B. 
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Identified risk factors common to all five processing premises were the recent entry of blacklip 

abalone from southern regions of the wild fishery into live-holding tanks, signs of spawning in abalone 

populations and operating live-holding tanks on full or partial recirculation. Unusual spawning in 

abalone is usually considered a response to stress. The rapid build-up of stocks in TIP3 and TIP4 

would have likely resulted in increased levels of circulating ammonia and nitrite. The quality of animal 

husbandry management varied significantly between premises; such differences included the use of 

protein skimmers, in-line decontamination, tank stocking densities, tank water temperatures and 

whether operators undertook cleaning/decontamination of tank systems on a routine basis.  

 

Farm (TIP5)  

Disease on the farm neighbouring TIP4 appeared in a number of grow-out tanks during the first week 

of January 2011 with mortalities rapidly increasing over a 2 to 3 day period before being reported to 

DPIPWE. Affected abalone at this site are shown in Figure 1.3B (in Section 1), and in Figure. 2.8. 

Tanks affected by AVG were determined by examining mortality records held by the farm and 

estimated to be 5.1% (38/760) at the time destocking procedures began. Counts within 10 randomly 

selected AVG affected tanks estimated mortality rates to be 63.3% (CI95%: 59.3-67.2), however it is 

considered that this would have been higher if the disease had been allowed to continue. Ultimately, 

all abalone on the farm died as a result of the farm being required to cease water circulation.  

 

No movements of abalone linking TIP5 with any other infected premises were identified, nor were 

there any movements of wild abalone onto the farm during recent years. Although emergency harvest 

of farm abalone was attempted, rapidly declining water conditions combined with AVG meant that 

only 3% of farm stock was salvaged.  

 

Spatial plotting of AVG affected tanks indicated that these were randomly distributed throughout the 

farm without any detectable bias towards specific areas of the farm or livestock groups. Apart from the 

water supply, no common link was identified between the affected tanks. The farm used a manifold 

design for water distribution, supplying it directly to individual tanks. It was concluded that entry of 

AbHV to the farm was most likely with intake water and that the random pattern of infection across  
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Figure 2.8: AVG affected greenlip abalone in grow-out tanks on TIP5 

A. 

 

B. 

 

 

tanks was caused by a bolus of infected water being drawn into the farm system over a short 

timeframe. 

 

Mortality records from TIP4 indicate an increase in mortalities within this facility during late December. 

Although TIP4 is thought to have been operating on recirculation prior to this date, management had 
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reverted to complete flow-through at the time of DPIPWE visits. Investigations by DPIPWE were met 

with opposition thus some aspects of operation at TIP4 cannot be verified, but it is unusual for 

processor live-holding tanks to be run as flow-through during mid-summer since this reduces ability to 

control water temperature. Recirculation of water is commonly used during summer periods to allow 

processors to reduce losses associated with Vibrio spp. infections, or to avoid drawing poor quality 

water during adverse weather events. It is assumed that reverting to flow-through at TIP4 was 

undertaken in order to flush the system and improve water quality in an attempt to lower mortalities.  

2.1.4.4  Surveillance 

Surveillance of reef habitat closest to water outflows from TIP4 and TIP5 detected carriage of AbHV in 

8.62% (CI95%:2.9-19) of  wild blacklip abalone tested (n=58) using qPCR (ORF 49, 66 & 77) during 

January 2010, however no clinical disease was ever noted in any abalone examined. Test Se and Sp 

values used were the same as quoted by Corbeil et. al.,(2010). Calculations for real prevalence using 

Epitools (1) provided a value of 8% (CI95%: 2.6-18.4).  

 

Additional populations were sampled at 5km intervals north and south of the TIP4 and TIP5 water 

outflow points. At each site 30 abalone were sampled by divers along a transect line. Although 

abalone were sampled randomly, divers were advised to preferentially select any abalone showing 

signs of disease, that were slow to react or easy to release from the reef substrate. Each site was 

treated as an individual population for sampling purposes. 

 

Using Epitools (3) and a value of 2.6% for expected prevalence (this being the lowest value within the 

95%CI for real prevalence calculated above), Se: 96.7% and Sp :99.7%, a minimum of 30 abalone 

sampled per population provided probability of 0.421 that an infected animal would be detected, HSe: 

0.579 and HSp: 0.9138. This was not sufficient to consider each population free of disease; therefore 

sampling was repeated at the same locations on two subsequent occasions. Thus, sampling occurred 

at 7 (the infected population plus 6 populations 5km or more from the farm/processor outflows) 

locations across a distance of 30km on three separate occasions. The probability of AbHV spread has 

previously been calculated using ‘poptools’ within Excel.  These results are described within Figure 

2.9 (Ellard, 2013). Based on these results, the probability of introducing disease in a population 5km 

away is 0.01.    
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Figure 2.9: Probability of viable AbHV virus spreading from a disease source. 

Y axis = probability; X axis = distance from disease source in km’s. 

 

Figure 2.10: Probability of disease freedom following serial sampling.  

Probability of disease freedom within wild blacklip abalone populations if sampled on four subsequent 

occasions using P: 0.026, HSe: 0.579, HSp: 0.9138. Prob. Introd.: 0.1. Epitools (2). 
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Using  Epitools (2) to calculate confidence of disease at 5km from the farm/processor sites over the 

three sampling periods gave results of 0.70 (sample 1); 0.84 (sample 2) and 0.8902 (sample 3). An 

additional sample would have provided a probability of 0.9617, but was not undertaken. Other 

sampling points at 10km and 15km would be expected to provide even greater confidence of disease 

freedom based on a lower probability of disease introduction, thus values for these sampling points 

have not been calculated.  

 

 

2.1.5  Case study 4: Infected premises (TIP6&7), 2011 

2.1.5.1  Background 

In November 2011 a processor located in the north-west of Tasmania submitted four greenlip abalone 

to the DPIPWE Animal Health Laboratories for examination.  Laboratory testing found that three of the 

four were positive for AVG based on both histopathology and qPCR testing. The abalone were part of 

a fishing consignment originating from King Island. Upon landing at Stanley, this consignment was 

split between TIP6 and TIP7.  

 

The owner of TIP6 reported that greenlip abalone within the consignment started dying a few days 

after entering live-holding tanks at his facility, but that blacklip within the same consignment held 

within the same live-holding tank did not show clinical signs, and as such none were submitted for 

testing.    

 

Being a family owned company, TIP6 is one of the smallest live-holding facilities in Tasmania, yet 

infection in this facility caused the greatest economic impact to the Tasmanian industry, primarily 

because the company specialised in supply of live abalone to the domestic retail market, most of 

which was based in NSW. Following detection of AVG, NSW authorities restricted entry of live 

abalone originating from Tasmania and these restrictions currently remain in place. Detection of AVG 

in NSW has previously been discussed in Section 1.1.1.6.   
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2.1.5.2  Facility description 

TIP6 processed a range of fish species for domestic sale and kept both finfish and abalone in 

separate live-holding tanks. These live-holding systems were comparatively small and rudimentary, 

without any form of in-line disinfection. The abalone live holding tanks were a series of eight tanks 

connected to a single shell-grit biofilter. There were no internal biosecurity measures, and a common 

water supply was re-circulated through all live-holding tanks.  

 

2.1.5.3  Results of investigations and laboratory testing 

The consignment of abalone was landed on 6 November 2011 and originated from two fishing blocks, 

block 1A located off the north-west of King Island and block 2C on the east coast of the same island. 

Fishing occurred on the 4
th
 and 5

th
 of November and a total of 1800 kilograms of live abalone was 

landed, of which 517 kilograms went to TIP6. This facility took all of the greenlip abalone within the 

consignment, which accounted for 82% of their intake. All remaining blacklip abalone (approximately 

1200kg) went to TIP7. It is not possible to determine which block the greenlip abalone originated from, 

but divers did note a high prevalence of blacklip abalone in block 1A. Blocks 1A and 2C are located 

on opposite sides of King Island and would be considered as separate populations.  

 

Interviews with fishers on King Island indicated that blocks 1A and 1B had historically been avoided 

by local divers because the abalone sourced from this area did not survive well (N Batey, pers. com.). 

This was also the first time that TIP6 had taken abalone from this area (blocks 1A or 1B), however the 

owners indicated that future consignments would be sourced from this area due to the high numbers 

of blacklip abalone observed to be present in the area.  

 

The live-holding facility at TIP6 was decontaminated according to DPIPWE instructions, which 

included placing sentinel abalone within the tanks for a period of 15 days. Following decontamination 

another consignment from a similar region on the north-west of King Island (fishing blocks 1B and 1C) 

was placed into the tanks during mid-November. No abalone were collected from east coast blocks 

during this second fishing trip. Although divers were requested to collect both blacklip and greenlip 

abalone for testing, only blacklip could be found in the areas dived. A sample of 4 blacklip abalone 

were tested following a period of 10 days within the live-holding tanks. None showed histopathology 
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suggestive of AVG, but two were positive for AbHV when tested using qPCR.  This suggests that 

AbHV is present in wild blacklip abalone in the north-west region of King Island, and that this species 

did not show clinical signs of disease. 

 

Inspection of TIP7 by DPIPWE veterinary personnel did not reveal any gross signs suggestive of 

AVG; however a sample of five blacklip abalone taken from the processor live-holding tanks were all 

positive for AbHV using qPCR. Only one of the five abalone sampled showed histopathology 

suggestive of AVG, and in this case changes were noted to be extremely mild.    

 

Table 2.4: Summary of identified risk and protective factors for AVG identified following AVG 

case investigations. 

Premises TIP1 TIP2 TIP3 TIP4 TIP5 TIP6 TIP7 TSP1 TSP2 TSP3 

Risk Factors 

Abalone from different regions 
mixed together           

Abalone of different species 
mixed together           

Holding >7days 
       ? ? ? 

Recirculation water flow 
          

Use of mother-boat        ? ? ? 

Reduced water quality  3   ?      

High stocking rates         ? ? 

Other stressors   1 1 2 1     

Protective factors 

In-line water treatment 
          

Routine tank cleaning          ? 

Separation of tank systems 
          

Tank flushing   ? ?       

 

1: Extended period of dry transport, IP3&4 west coast road transport, TIP6 dry transport in mother-boat tanks. 

2: Bolus of infected water from neighbouring property 

3: Extended period of low salinity. 
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Figure 2.11a: Causal web for AVG (Part 1- Commercial fishing) 

Brown boxes and arrows represent infected populations and pathways. Blue boxes represent uninfected populations and pathways. White boxes represent 

risk factors. Grey boxes represent potential outcomes. Black arrows represent a common pathway for infected and uninfected abalone. 
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Figure 2.11b: Causal web for AVG (Part 2- Live-holding facilities) 

Brown boxes and arrows represent infected populations and spread pathways. Blue boxes represent uninfected populations and animal movement 

pathways. White boxes represent risk factors. Grey boxes represent potential outcomes. Black arrows represent a common pathway for infected and 

uninfected abalone. 
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2.2  IDENTIFICATION OF STRAIN TYPES WITHIN AbHV. 

An important finding of AVG investigations in Tasmania was that results of qPCR testing varied 

between individual disease events. Previous studies demonstrated performance of the original qPCR 

test (ORF49) for known isolates (AbHV Vic-1, AbHV Tas-1 and the Taiwanese strain) of AbHV 

(Corbeil et. al., 2010). Since the development of this test, other genetic variants of AbHV have been 

discovered which were not recognised by ORF 49 (Cowley et. al., 2011; Ellard et. al., 2011). First 

suspicion that multiple strains of AbHV might be present in Tasmania occurred following the detection 

of AVG within TIP2 during 2009 in which testing using qPCR (ORF49) produced negative results. 

Following this event it became standard practice to use three qPCR tests (ORF49, ORF66 and 

ORF77) for detection of AbHV in an attempt to produce a pan-specific test.  

 

Based on results of qPCR (ORF49, 66 and 77) Tasmanian cases can be divided into two basic 

groups. This division relies on results of qPCR (ORF49) where a positive result for either qPCR 

(ORF66) or qPCR (ORF77) also exists. The Tasmanian results are summarised in Table 2.4. CSIRO-

AAHL has also provided results from Vic, NSW and Taiwan AVG events.  

 

In order to compare genetic homology between AbHV isolates, partial genome sequences were 

generated from a sub-set of isolates from Tasmanian cases by CSIRO-AAHL.  

 

 

Table 2.5: Summary of qPCR test results for AVG cases.  
# refers to testing of the mucus sample submitted to DPIPWE-AHL; nd indicates that testing was not 
done. 
 

 Tasmanian cases Vic NSW Taiwan 

Property TIP1 TIP2
#
 TIP2 

TIP3 
TIP5 
TSP3 

TSPI 
TSP2 

TIP6 
TIP7 

Vic 1 
NSW

1 
NSW

2 
Taiwan 

Event 2008 2009 2009 2010 2010 2011 2005 2011 2011 2003 

ORF49 + + - - + + + - + + 

ORF66 + nd + + + + + + + + 

ORF77 + nd + + + + + + + + 
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Samples testing positive by qPCR were re-tested using conventional PCR and the amplicons 

sequenced. Only those samples providing Ct values less than 30 were considered to have sufficient 

DNA material to enable sequencing, thus samples from infected premises were preferentially chosen, 

but wild blacklip abalone sampled adjacent to TIP4&5 outflows were also included.  Sequences were 

then compared with isolates previously collected from Victoria, NSW and Taiwan.  

 

All sequences were generated from two regions amplified by PCR using primer sets, AB1213 PCR 

and AB1617 PCR. Primer sets AB1213 and AB1617 provided nucleotide sequences of 430 and 524 

base pair length respectively with each set targeting a separate region of the genome. These primer 

sets were chosen because the regions provided most consistent results based on the only available 

whole genome sequence available at the time of testing (Vic-1). The Table 2.6 shows the percent 

nucleotide similarities obtained from different AbHV isolates, including all known Australian isolates 

and the Taiwanese isolate.  

 

Results within Table 2.6 were then analysed using Geneious and MEGA6 software with the results 

replicated 1000 times to produce the phylogenetic tree supplied in Figure 2.12. The software has 

been developed for comparative analyses of DNA and protein sequences that are aimed at inferring 

the molecular evolutionary patterns of genomes (Tamura et. al., 2013). Based on available data, this 

analysis produced five separate strains of AbHV in Tasmania. These have been designated Tas-1 

through to Tas-5. Although a number of premises have been infected with different strains of AbHV on 

separate occasions, laboratory testing has never indicated the presence of concurrent infection with 

more than one isolate (Nick Moody, pers. com.). 

 

By combining isolate sequence data with tracing information described in Section 2.2, the origin of 

AbHV and pathways to infected premises can be hypothesised. Although Figure 2.10 has placed 

isolates from TIP6 separate to TSP3M, DPIPWE data suggests that two isolates originate from the 

same source. Data also indicates strains infecting TIP3, TIP4 and TIP5 are the same, supporting the 

theory that infection of TIP5 was via intake water drawn onto the farm that was infected water 

discharged by TIP4. Based on available data the origin of Tas-4 has not yet been identified. 

Information on tracing and strain origin is summarised in Figure 2.13. 
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 Table 2.6:  Percent nucleotide similarities obtained from AbHV isolates  

Derived from the AbHV AB1213 (in blue) and AbHV AB1617 (in red) primer sets. 

  AbHV AB1213 Primer set percent nucleotide similarity – 430bp (blue values) 

  TIP3 
2010 

TIP5 
2010 

TIP4 
2010 

TSP3 
2010 

Wild 
2010 

TSP1 
2010 

TSP2 
2010 

TIP6 
2011 

TSP3 
2011 

NSW1 
2011 

NSW2 
2011 

Taiwan 
2003 

VIC-1 
2005 

TIP1 
2008 

TIP2 
2009 

 TIP3 2010  100 100 100 100 97.4 97.4 91.7 91.8 92.2 97.6 97.9 89.1 92.0 97.6 

 TIP5 2010 99.6  100 100 100 97.4 97.4 91.7 91.8 92.2 97.6 97.9 89.1 92.0 97.6 

 TIP4 2010 100 100  100 100 97.4 97.4 91.7 91.8 92.2 97.6 97.9 89.1 92.0 97.6 

 TSP3 
2010 

99.6 100 99.6  100 97.4 97.4 91.7 91.8 92.2 97.6 97.9 89.1 92.0 97.6 

 Wild 2010 100 99.6 100 99.6  97.4 97.4 91.7 91.8 92.2 97.6 97.9 89.1 92.0 97.6 

 TSP1 
2010 

93.2 93.6 93.2 93.6 93.2  100 90.5 90.6 91.0 99.1 97.7 88.0 90.8 99.1 

 TSP2 
2010 

93.2 93.6 93.2 93.6 93.2 100  90.5 90.6 91.0 99.1 97.7 88.0 90.8 99.1 

 TIP6 2011 90.5 90.7 90.5 90.7 90.5 95.3 95.3  98.7 100 90.3 90.1 94.9 99.5 90.3 

 TSP3 
2010 

N/A N/A N/A N/A N/A N/A N/A N/A  98.8 90.4 90.7 94.1 98.3 90.4 

 NSW1 
2011 

90.5 90.7 90.5 90.7 90.5 95.3 95.3 100 N/A  90.8 90.4 95.0 99.3 90.8 

 NSW2 
2011 

95.9 96.3 95.9 96.3 95.9 94.3 94.3 90.3 N/A 90.3  97.4 87.8 90.6 100 

 Taiwan 
2003 

98.6 99.0 98.6 99.0 98.6 93.4 93.4 90.5 N/A 90.5 96.5  87.6 90.4 97.4 

 VIC-1 
2005 

93.0 93.2 93.0 93.2 93.0 89.8 89.8 94.0 N/A 94.0 93.2 93.3  94.8 87.8 

 TIP1 2008 91.3 91.3 91.3 91.3 91.3 89.4 89.4 85.5 N/A 85.5 91.1 90.7 87.5  90.6 

 TIP2 2009 95.5 95.5 95.5 95.5 95.5 93.6 93.6 90.3 N/A 90.3 98.8 95.7 93.5 91.1  

 
 AbHV AB1617 Primer set percent nucleotide similarity – 524bp (red values) 
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Figure 2.12: Phylogenetic tree generated from PCR sequence data in Table 2.5.  

Values on axes represent percentage homology between groups. 

 
 

 

 

  

TIP1:  Tas-1 
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Figure 2.13: Summary of common strain types and their origins. 

Information contained in Sections 2.2 and 2.3 have been used to identify Tasmanian AbHV isolates. 
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2.3  INVESTIGATION OF qPCR TEST PERFORMANCE 

Throughout the investigation of AVG in Tasmania, the principle tests used for diagnosis and 

surveillance purposes have been; gross clinical signs, population morbidity/mortality rates, 

histopathology and qPCR. Whilst these tests may be used to diagnose clinical disease, diagnostic 

sensitivity and specificity for detection of sub-clinical carriage of AbHV was not known. Assessment of 

methods suitable for testing abalone populations for carriage of AbHV and demonstration of disease 

freedom had not previously been undertaken, yet there was significant demand for this type of 

assessment to enable safe translocation of abalone between production units.  

 

In conjunction with CSIRO-AAHL and Adelaide University, retesting of archived tissue was initiated to 

examine the sensitivity (Se) and specificity (Sp) of qPCR for use in testing asymptomatic populations. 

Although this work was initiated by the author as part of the research project within VET649, funding 

sources required that results be reported to the Fisheries Research and Development Corporation 

(Corbeil, et. al., 2014).  

 

2.3.1 Methodology 

In the absence of a gold standard test (i.e. a perfect test with 100% Se and Sp), the method of choice 

to evaluate the accuracy of a diagnostic test is the Latent Class Model analysis (LCM) (Rindshopf and 

Rindshopf, 1986).  

 

There are three criteria for the use of this analytical approach: 

(i) Test results from at least two assays from the same samples collected from at least two 

representative populations with distinct prevalence of infection must be used, 

(ii) The Se and Sp of the tests should not vary across populations, 

(iii) The tests should be conditionally independent on the disease status. 

 

From an available pool of 6586 archived abalone tissue samples spanning a period from 2002 to 

2012, a subsample of 1,459 were chosen for retesting at CSIRO-AAHL. The test sample included 

greenlip, blacklip, and hybrid abalone samples collected in Tasmania between 2008 and 2012 for 

surveillance, routine investigation, and health certification reasons. Only samples originating from 
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abalone populations showing no evidence of clinical disease at the time of collection were targeted. 

These were then grouped according to their origin into 5 source populations with expected varying 

prevalence (Table 2.7). All the selected specimens had previously been tested using qPCR and 

histopathology as part of routine laboratory testing at the DPIPWE Animal Health Laboratory. In order 

to confirm that degradation of the samples had not occurred during storage, a representative sample 

was retested and results compared with those obtained during 2008.  

 

All 1,459 specimens were tested using qPCR assays using ORF49, ORF66, and ORF77 primers and 

probes. The outputs of the different combination of test results used for the analysis are summarised 

in Table 2.8. For this purpose, a positive qPCR result was defined as being any result demonstrating 

a characteristic amplification curve when analysed to 50 thermal cycles.  

 

  

Table 2.7: Summary of source population characteristics. 

Source 
Pop. 

Description Total 
% Blacklip 
(number) 

% Greenlip 
(number) 

% Hybrid 
(number) 

1 Wild abalone direct from marine environment 703 92.7 7.3 0 

2 Wild abalone via processor 440 81.1 17.5 1.4 

3 Cultured abalone direct from farm 138 14.5 50.0 35.5 

4 Cultured abalone via processor 7 100.0 0 0 

5 Wild abalone direct from mother-boat 171 60.8 8.2 41.0 

Total 1459 78.1 14.6 7.4 

 

 

Using the open-source software OpenBUGS v.3.2.2 (www.openbugs.net), LCM analyses were 

conducted with a Bayesian framework to allow modelling flexibility.  An initial burn-in of 10,000 

iterations was used to allow convergence, and the subsequent 50,000 iterations were used for 

estimations and inferences. Markov chain conversion was assessed visually. Conditional dependence 

among the qPCR assays was investigated since these tests target a similar analyte (Gardner et. al., 

2000). Separate LCMs were run by including conditional covariance factors between two PCRs at the 

time (Table 2.9a, models 2-4). A model with conditional independence was run for comparison (Table 

2.9a, model 1). Model comparison and improvement was conducted using the deviance information 

criterion (DIC), where smaller DIC values indicated a better model.  

http://www.openbugs.net/
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Table 2.8: Summary count for the 16 possible combinations.  

Summary of positive/negative (+/-) test results collected from histopathology and the three qPCR 

assays, for each of the 5 source populations. 

    Source Population  

Histology ORF49 ORF66 ORF77 1 2 3 4 5 Total 

+ + + + 0 1 0 0 0 1 

+ + + - 0 0 0 0 0 0 

+ + - + 0 0 0 0 0 0 

+ + - - 0 4 0 0 0 4 

+ - + + 0 0 0 0 0 0 

+ - + - 0 0 0 0 0 0 

+ - - + 0 0 0 0 0 0 

+ - - - 0 0 0 0 0 0 

- + + + 11 8 0 0 1 20 

- + + - 18 7 0 0 0 25 

- + - + 6 0 0 0 0 6 

- + - - 16 8 0 0 0 24 

- - + + 1 5 7 0 0 13 

- - + - 4 15 1 0 0 20 

- - - + 3 2 3 0 0 8 

- - - - 644 390 127 7 170 1338 

Total 703 440 138 7 171 1459 

 
 
 
2.3.2 Results 

Given that the intended purpose of the qPCR test in this case is to screen apparently healthy abalone 

populations to demonstrate freedom from infection, the method of choice should be the assay with the 

highest Se or the lowest likelihood ratio of a negative test result (LR-). The qPCR ORF66 should 

therefore be the single test of choice for surveillance. Although the Se and Sp of qPCR ORF49 is only 

slightly less than those of ORF66 (Table 2.10), ORF49 does not detect all known genetic variants of 

AbHV. 

 

Given that the ORF49 qPCR appeared to have a better analytical sensitivity and subsequent Se with 

TAS-1 virus type (i.e. can detect lower TAS-1 virus load) and that ORF66 qPCR appeared to detect all 

other virus types, it was considered possible that a combination of these two assays would improve 

the overall detection capacity. Any specimen testing positive to either or both assays would be  
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Table  2.9: Summary table  

Summary of Latent Class Models estimates of test diagnostic sensitivity (DSe) and specificity (DSp) (A) 

 and source population prevalence (B) with and without conditional dependence (CD) among tests. 

 

 Covariance 

a. Histology ORF49 ORF66 ORF77 49/66 49/77 66/77 49-66/77 

Model CD DSe DSp DSe DSp DSe DSp DSe DSp DSe DSp DSe DSp DSe DSp DSe DSp 

1 No 4.83% 99.95% 61.39% 99.31% 65.55% 99.77% 39.22% 99.75%   
      

2 Yes 5.47% 99.92% 63.07% 99.07% 68.59% 99.56% 40.35% 99.57% 
-

0.033 
0.002* - - - - - - 

3 Yes 5.30% 99.92% 64.12% 99.24% 65.36% 99.47% 40.96% 99.71% - - 
-

0.026 
0.001* - - - - 

4 Yes 6.57% 99.93% 85.56% 99.71% 59.18% 98.10% 33.88% 98.65% - - - - 0.054* 0.008* - - 

5 Yes 5.24% 99.92% 55.17% 98.49% 59.14% 99.19% 19.24% 97.88% - - 0.021 0.041* 0.010 0.012* - - 

ORF49 and ORF66 combined in parallel 

6 Yes 5.48% 99.92% Dse = 80.63% DSp = 98.14% 22.14% 98.15% - - - - - - 0.013 0.518* 

7 Yes 5.83% 99.92% Dse = 85.96% DSp = 98.16% 23.34% 98.18% - - - - - - - 0.013 

 
* Significantly different from 0 at the 5% level. 

 
 

b.  

Model CD Source Pop. 1 Source Pop. 2 Source Pop. 3 Source Pop. 4 Source Pop. 5 Bayes-P DIC 

1 No 7.93% (5.60-10.70%) 11.14% (7.80-15.00%) 8.05% (3.90-14.00%) 9.0% (0.40-40.70%) 1.04% (0.20-3.40%) 0.059 180.1 

2 Yes 7.37% (4.72-10.19%) 10.81% (7.47-14.54%) 7.57% (3.38-13.25%) 11.66% (0.32-8.74%) 1.22% (0.14-3.37%) 0.066 181.0 

3 Yes 7.78% (5.28-10.56%) 10.60% (6.61-14.77%) 8.30% (3.94-13.99%) 11.98% (0.35-0.30%) 1.23% (0.14-3.43%) na 182.8 

4 Yes 7.74% (5.54-10.44%) 8.18% (4.75-13.58%) 1.71% (0.03-8.87%) 11.61% (0.33-8.87%) 1.20% (0.14-3.35%) 0.105 167.8 

5 Yes 8.02% (5.05-11.39%) 12.34% (6.24-17.96%) 5.20% (0.19-12.43%) 13.76% (0.38-6.20%) 0.84% (0.02-2.99%) 0.080 169.0 

 
6 Yes 8.75% (4.20-22.2%) 12.97% (6.90-32.70%) 5.03% (0.20-15.5%) 14.44% (0.40-53.5%) 0.93% (0.00-3.70%) 0.242 83.77 

7 Yes 7.38% (4.21-10.84%) 10.97% (7.03-15.83%) 4.39% (0.22-11.75%) 12.73% (0.36-3.24%) 0.77% (0.02-2.79%) 0.263 85.26 
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deemed positive (i.e. interpretation in parallel). It is possible to predict the Se and Sp of the two 

assays interpreted in parallel using the following formulae: 

Se49/66 = 1 - [(1-Se49) * (1-Se66)] = 81.7% and Sp49/66 = Sp49 * Sp66  = 97.7% 

The estimates of Se and Sp and their posterior 95% credibility intervals are presented in Table 2.10. 

The parallel combination of ORF49/66 provides a much better fit for screening when compared to any 

of the tests used individually. The confidence on a negative test result (negative predictive value) will 

be substantially higher with the qPCR ORF49/66 combination regardless of the suspected prevalence 

(Figure 2.14). Based on the results of this analysis, for surveillance purposes, it is recommended that 

the ORF49 and ORF66 qPCR tests are used in parallel to enhance Se ( 86%). Diagnostic specificity 

is high for all tests (>98%). 

 

Table 2.10: Diagnostic Sp and Se as single assays. 

Diagnostic sensitivity, specificity and respective likelihood ratios of the 4 tests and respective 

covariance in the infected and non-infected abalones. Likelihood ratio of a Positive test result (LR+) 

Likelihood ratio of a Negative test result (LR-). LR+ = Se/(1-Sp); LR- = (1-Se)/Sp.  

 
 
 
 
 
 
 
 
 
 
 

* Significantly different from 0 at the 5% level. 

 

Table 2.11: Diagnostic Se and Sp used in parallel.  

Diagnostic sensitivity, specificity and respective likelihood ratios of the three tests and respective 

covariance in the infected and non-infected abalone. Likelihood ratio of a Positive test result (LR+) 

Likelihood ratio of a Negative test result (LR-)LR+ = DSe/(1-DSp); LR- = (1-DSe)/DSp.  

Assays Sensitivity  Specificity  LR+ LR- 

Histology 5.83% (1.99%-11.92%) 99.92% (99.72%-100.0%) 72.9 0.942 

RT-PCR ORF49/66 85.96% (57.91%-99.45%) 98.16% (96.03%-99.87%) 46.7 0.143 

RT-PCR ORF77 23.34% (4.10%-42.22%) 98.18% (96.34%-99.82%) 12.8 0.781 

 
 

Covariance 49/66-77 Na 0.013 (0.000-0.029) 

Assays Sensitivity  Specificity  LR+ LR- 

Histology   5.24% (1.80-10.89%) 99.92% (99.71-100.0%) 65.50 0.948 

RT-PCR ORF49 55.17% (34.30-88.04%) 98.49% (97.03-99.68%) 36.54 0.455 

RT-PCR ORF66 59.14% (43.57-75.67%) 99.19% (97.45-99.98%) 73.01 0.412 

RT-PCR ORF77 19.24% (4.67-39.33%) 97.88% (96.31-99.44%)   9.08 0.825 

  

 Covariance 49-77 0.021 (-0.048-0.074) 0.041* (-0.014-0.093) 

Covariance 66-77 0.010 (0.001-0.022) 0.012* (0.001-0.024) 
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Figure 2.14: Negative Predictive Value.  

Negative predictive values for 5 tests according to the expected prevalence of infection before running 

the test. 
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2.4 ESTIMATIONS OF PREVALENCE IN TASMANIAN ABALONE POPULATIONS 

The emergence of AVG in populations of wild abalone moved into processor live-holding facilities 

suggests that they carry AbHV which only expresses as clinical disease when infected abalone are 

exposed to stress or they are mixed with naive populations. Previous surveillance in Tasmania 

undertaken in 2008 (Section 2.1.1) revealed only one positive result in 1774 abalone tested using 

qPCR (ORF49).  

 

It has since been demonstrated that use of ORF 49 alone would not have detected all strains of AbHV 

(Section 2.1.2). The case definition applied during the 2008 survey (Table 2.1) used a Ct value less 

than 35.8 to define a positive qPCR result. Although suitable for confirming clinical cases because it 

applied reasonable diagnostic specificity, this was not considered suitable for detecting sub-clinical 

carriage. Examination of DPIPWE laboratory records identified a number of abalone that had 

recorded Ct values above 35.8, indicating the presence of AbHV at very low levels.  

 

In conjunction with CSIRO-AAHL a range of archive tissue samples were retested using qPCR (ORF 

49 and 66). A positive result was considered to be any sample that gave a typical amplification curve 

when tested for up to 50 thermal cycles using qPCR. Samples chosen for retesting were those 

originating from wild abalone populations not showing signs of clinical disease and where the original 

fishing block or biosecurity region could be identified. The Tasmanian abalone fishery is divided into 

11 distinct biosecurity regions and, where possible, a selection of samples across all regions was 

chosen. 

 

The results of testing are summarised in Table 2.12. The testing provided an apparent prevalence of 

8.4% (CI95%, 7.0-10.0%). Using the Se and Sp values calculated in Section 2.3, real prevalence was 

calculated using Epitools (1). This resulted in a value of 7.8% (CI 95%, 6.2-9.7%) for AbHV carriage in 

wild Tasmanian abalone. Prevalence values varied with region, but the highest values were detected 

in the central south (block 14B) and King Island, these being 14.8% (CI95%, 11.2-19.1%) and 35.3% 

(CI95%, 23.5-49.0%) respectively.  

 

Examination of the relative risk of AbHV carriage in greenlip/blacklip abalone and between combined 

regions is summarised in Table 2.13. Carriage of AbHV was found to be 4.6 (CI95%: 1.8-94) times   
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Table 2.12: Estimation of AbHV carriage in asymptomatic abalone.  

Calculations for real  prevalence are made using Epitools (1) . Test values used were Se: 86% & Sp: 98.16%. 95% CI's use the method described by Blaker 

within Reiczigel (2010).  True prevalence estimates that are less than zero are not consistent with assumed sensitivity and specificity values, and thus have 

been assigned a value of ‘0’. Precision values have been calculated using Epitools (4).  

Region Pos. 
Total 
tested 

% Pos. % Neg. 
Lower 95% 

CI (%) 
Upper 95% 

CI (%) 
Real 

Prevalence (%)  
Lower 
95% CI 

Upper 
95%CI 

Precision 

Region 1: Central South 62 433 14.3 85.7 11.2 18.0 14.8  11.2 19.1 P<0.05 

Region 2: South West 14 140 10.0 90.0 5.6 16.2 9.7 4.7 17.1 P<0.1 

Region 3: Central West 0 14 0.0 100.0 0.0 23.2 0.0  0.0 25.3 P<0.2 

Region 4: North West 1 80 1.2 98.8 0.0 6.8 0.0   0.0 5.5 P<0.1 

Region 5: King Island 23 73 31.5 68.5 21.1 43.4 35.3  23.5 49.0 P<0.1 

Region 6: Bass Strait 0 26 0.0 100.0 0.0 13.2 0.0   0.0 12.4 P<0.2 

Region 7: Northern Bass Strait 2 147 1.4 98.6 0.2 4.8 0.0  0.0 3.5 P<0.1 

Region 8: Flinders Island 0 122 0.0 100.0 0.0 3.0 0.0  0.0 1.3 P<0.1 

Region 9: North East 1 58 1.7 98.3 0.0 9.2 0 0.0 8.4 P<0.1 

Region 10: Central East 10 196 5.1 94.9 2.5 9.2 3.9  0.9 8.5 P<0.05 

Region 11: South East 8 121 6.6 93.4 2.9 12.6 5.7 1.3 12.7 P<0.1 

Combined region 1: 1 & 11 0 9 0.0 100.0 0.0 33.6 
    

Combined region 2: 1 & 2 0 10 0.0 100.0 0.0 30.8 
    

Combined region 3: 10 & 11 0 1 0.0 100.0 0.0 97.5 
    

Unknown 0 5 0.0 100.0 0.0 52.2 
    

Total 121 1435 8.4 91.6 7.0 10.0 7.8  6.20 9.7 P<0.02 
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more likely to occur in greenlip abalone than blacklip abalone in those regions where both species 

occur naturally (ie. northern Tasmania and Bass Strait Islands).  Further examination of this northern 

region (Table 2.13 B) found that carriage of AbHV (in either species) was 30.6 (CI95%: 4.2-223.4) 

times more likely to occur in the western region (i.e. King Island and northwest) than the east. This 

suggests that if infected greenlip broodstock were the source of disease outbreaks on Victoria, they 

were more likely to have originated from King Island than Flinders Island. This statement assumes 

that the abalone were carrying AbHV in Tasmania, and did not become infected whilst held at at 

VSP1. 

 

 

Table 2.13: Relative risk of AbHV carriage in regions and species 

 
Pos. Neg. Total 95%CI (%) 

Attack 
Rate % 

Relative 
Risk 

95% CI for 
relative risk 

A: Greenlip/blacklip 

Greenlip 20 177 197 11.3 7.0-6.9 4.6 1.8 9.4 

Blacklip 7 251 241 2.8 1.1-5.7 1.0   

B: Northern region 

West 24 118 142 16.9 10.3-22.4 30.6 4.2 223.4 

Central 2 136 138 1.4 0.1-4.1 2.6 0.2 28.6 

East 1 180 181 0.6 0.0-3.1 1.0   

C: Latitude 

South 84 602 686 12.2 9.9-14.9 6.7 2.1 20.9 

Central 10 200 210 4.8 2.3-8.6 2.6 0.7 9.3 

Islands 25 317 342 73.1 4.8-10.6 4.0 1.2 13.0 

Northern 3 161 164 1.8 0.4-5.3 1.0 
  

D: Longitude (islands excluded 

West 15 219 234 6.4 3.6-10.4 1.0      

Central 62 371 433 14.3 11.2-18.0  2.3 1.3  3.8  

East 19 256 275 6.9 4.2-18.0  1.1 0.6 2.1  

 

 

Examination of the carriage levels based on change in latitude (Table 2.13C) found that carriage was 

more likely to occur in the south of Tasmania (RR 6.7, 2.1-20.9) whilst carriage in islands within Bass 

Strait was next most likely to occur (RR 4.0, 1.2-13). There was no significant difference in relative 
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risk between central and northern mainland Tasmania regions. The high relative risk of AbHV carriage 

in the far north and south of Tasmania is a reflection of the high prevalence in abalone located on 

King Island and block 14B.  

Examination of data from the west and east coasts of Tasmania did not detect any difference in 

apparent carriage of AbHV on mainland Tasmania (i.e. Bass Strait Islands excluded), but the relative 

risk of carriage in areas between these was significantly higher, again caused by the high level of 

carriage in block 14B located in the south.  
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2.5  DISCUSSION 

This report describes a series of investigations undertaken into AVG in Tasmanian abalone 

populations. Investigations used records from previous disease events to produce case studies that 

identified causal factors contributing to expression of clinical disease. The report also outlines 

quantitative assessment of qPCR used to estimate carriage of AbHV within asymptomatic abalone 

populations  

 

Abalone viral ganglioneuritis was first reported in Taiwan following outbreaks of disease in cultured 

abalone. A review by an expert reference group formed by the OIE to investigate viral diseases in 

abalone also found that disease reported on Chinese abalone farms as early as 1999 was consistent 

with AVG, however the aetiological agent has not been confirmed in the Chinese cases. Abalone viral 

ganglioneuritis was first reported in Australia in December 2005 (Hooper et.al., 2007b), and in 

Tasmania in September 2008. Since then, a further seven cases of AVG have been reported in 

Tasmania. There is now significant evidence to suggest that transfer of AbHV to Victorian farms 

occurred with the transfer of abalone broodstock from Tasmania. The point source pattern of spread 

associated with AVG in Victorian wild abalone populations is characteristic of a newly introduced 

disease to a naïve population. Thus it is reasonable to conclude that Vic-1 originated from Tasmania. 

Whether movement of infected Tasmanian abalone are linked to outbreaks of disease in China and 

Taiwan has not been determined, but movement of live-abalone into China has been known to occur 

for some time.        

 

Detailed review of Tasmanian cases has identified that clinical signs and associated pathology is not 

consistent across all cohorts.  Although signs observed in farmed abalone in Tasmania (TIP5) were 

similar to that described in Victorian and Taiwanese cases, wild blacklip abalone populations held in 

processor live-holding facilities generally exhibit quite different signs. This suggests that two clinical 

syndromes of AVG are occurring within abalone populations; an acute form typified by rapid onset of 

high levels of mortality which is consistent with observations made by Chang et. al. (2005) and 

Hooper et. al., (2007b), and a more chronic form. The chronic form of AVG is characterized by 

gradual onset of weakness and/or paralysis over a period of more than one week.  

 



80 | P a g e  
 

Abalone viral ganglioneuritis has never been detected in wild populations of Tasmanian abalone. 

Instead clinical disease is normally observed once abalone are moved from the natural marine 

environment into processor live-holding tanks. The Tasmanian DPIPWE holds detailed records of 

commercial abalone fishing activity and these provided a method of assessing diving frequency on 

abalone habitat throughout Tasmania. Despite high levels of awareness amongst abalone divers and 

periodic submission of suspect abalone for laboratory testing, there have been no observations or test 

results indicating that AVG is occurring in wild abalone populations. These observations contrast with 

those in Victoria where AVG was easily noted by divers who were used to monitor the spread and 

impact of the disease.  

 

The variation in clinical presentation of AVG may be caused by differences in the AbHV virus, host 

susceptibility, environmental conditions or a combination of all three. The operational structure of the 

Tasmanian abalone industry does not allow meaningful analysis of disease incidence at an animal 

level because abalone entering live-holding tanks are commonly mixed with other groups making 

identification difficult in many cases. In addition, the tendency to remove moribund abalone from tanks 

for harvest means that mortality records are often misleading or do not exist.  Thus, based on 

available information, any observational study of causal factors must be done using qualitative 

assessment at the property level rather than applying quantitative values for individual animals (Table 

2.4).  

 

The qPCR (ORF49) test for AbHV was previously validated using abalone from both the Victorian and 

the first Tasmanian disease event (TIP1) (Corbeil et. al, 2010). During 2009, it was found that AVG 

affected abalone did not provide meaningful results using qPCR (ORF49) and suggested that a 

second strain of AbHV was present in Tasmania. There are now five stains AbHV identified in 

Tasmania, and additional strains in Victoria and Taiwan. Using partial genome sequencing and fishing 

quota records, the geographic origin of a number of the Tasmanian AbHV strains can be identified 

and has been illustrated in Figure 2.13. These findings suggest that individual AbHV strains may be 

restricted to specific regions of the Tasmanian marine environment.  
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Clinical expression has been shown to vary between abalone populations when infected with the 

same strain of AbHV. Both the acute and the chronic forms of AVG were identified in TIP1 and TIP2 

when blacklip abalone originating from separate regions were held under similar conditions. In TIP1, 

cohabitation of abalone from Groups 23 and 14B resulted in obvious pathological changes in Group 

23 but no pathology in 14B, despite higher titres of virus occurring in the latter group. In TIP2, reports 

identified that abalone undergoing significant low salinity stress developed the chronic form of AVG 

and potentially contaminated tank systems. However, addition of a second group resulted in an acute 

form of AVG. This latter group tested positive using qPCR (ORF49) when mucus strands were tested 

for the presence of AbHV. 

 

Differences in clinical presentation have also been identified in TIP4/5 and TIP6/7 where two species 

were exposed to the same AbHV strain. In the case of TIP4/5, disease spread from blacklip abalone 

populations held in processor live-holding tanks demonstrating chronic AVG, whilst Infection in farmed 

greenlip abalone held on TIP5 resulted in an acute form of AVG. Differences in environment may 

have also influenced variation of clinical expression, but its influence is considered to be minimal in 

this case, with conditions on the farm being more likely to be conducive to holding abalone.  

 

Cohabitation of greenlip and blacklip abalone in tanks in the mother-boat live-holding tanks and at 

TIP6 also resulted in high levels of mortality in greenlip abalone, but only one clinical case of AVG in 

blacklip abalone at either TIP6 or TIP7.  It is possible that the different clinical presentations noted 

between the two Tasmanian species may be the result of variation in innate host resistance. Different 

clinical presentations between abalone species were also noted by Chang et al. 2005 who reported 

acute AVG in H. diversicolor supertexta, whilst cohabitant Japanese black abalone (H. discus) 

remained unaffected.  

 

There were also a number of environmental factors that appeared to be contributing to expression of 

AVG. Environmental stressors such as low dissolved oxygen, increased ammonia or nitrates, 

increases or rapid changes in temperature and decreased salinity have all been shown to inhibit 

abalone immunity (Cheng et. al. 2004a-e) and potentially contribute to shedding of virus or the 

development of clinical disease. Evidence of environmental factors predisposing abalone populations 
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within live-holding systems to disease were demonstrated by TIP2, TIP3 & TIP4. Chronic low salinity 

levels (<25‰) are considered to have contributed to disease within TIP2 in a consignment of abalone 

originating from the south-west of Tasmania.  In this case, the live-holding tanks were newly 

established and infected abalone had no contact with other cohorts. This represents one of the few 

cases of AVG where contact between groups or prior contamination of tank systems can be excluded 

with confidence. Disease events in TIP3 and TIP4 are also considered to have been influenced by 

rapid increase in tank stocking rates as part of normal build-up prior to Chinese New Year. Such 

increases place pressure on the ability of biofilters to process nitrogenous wastes, resulting in an 

increase in water ammonia and nitrite levels.  

 

Shedding of virus into live-holding tanks has potential to accumulate in closed systems and may 

remain viable for up to 48 hours outside the host (Corbeil et. al., 2014). Spread of AbHV via water 

circulation has been demonstrated in TIP1 where it infected abalone in neighboring tanks. In the case 

of TIP5, virus is thought to have moved >100metres suspended in water discharged from TIP4 and 

drawn into farm tanks.  

 

The presence of water treatments such as ozone or UV are considered to be protective and may play 

an important role in keeping circulating levels of virus to a minimum, which in turn delays spread of 

disease. When used in closed systems, circulating ozone levels must not impact on bacteria within 

biofilters, thus its purpose is to reduce levels of circulating pathogens but cannot eliminate them 

completely. Although TIP1 and TIP2 both used in-line ozone treatment and were positive for AVG, 

other factors have been identified that could have contributed to disease in these cases.  Neither TIP3 

or TIP4 used in-line water treatment and both had a poor history of tank hygiene. In contrast, TSP1, 

TSP2 and TSP3 all used water treatment on closed production systems and had documented 

procedures for cleaning tanks between stocking events. All were infected with AbHV, yet there was no 

significant mortality reported in any of these facilities. 

 

Based on observations made it is suggested that causal factors for acute AVG differs from that of the 

chronic form. In the former, exposure of naive abalone cohorts to AbHV or non-endemic stains of 

virus appears to the principle cause of disease. This most commonly occurs when separate 
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populations are mixed, but can occur through carriage of the virus in water or where abalone are 

placed into live-holding systems contaminated with high viral loads.  In the case of chronic AVG, this 

is considered to express as disease when abalone  are infected with an endemic strain of AbHV prior 

to entering live-holding tanks but are then exposed to environmental stressors resulting in shedding of 

the virus into the environment eventually resulting in clinical disease. These hypotheses are 

summarised in the causal web in Figure 2.15. 

 

 

Figure 2.15: Causal web for describing two pathways for the development of AVG 

 

 

 

Abalone are sedentary animals that tend to remain on the same reef system throughout their life. 

Although abalone larvae are pelagic, this stage of the lifecycle lasts only a few days. As a result, 

genetic mixing between specific reef populations is limited. Tasmanian abalone populations have 

been shown to be genetically distinct from mainland populations. Similarly, even where abalone 

populations are linked by suitable habitat as occurs in Tasmania, genetic variability has been shown 

to be directly correlated to distance (Brown & Murray, 1990; Brown 1991). This suggests that blacklip 
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populations located in different regions of Tasmania have evolved according to local evolutionary 

pressures. One of these evolutionary pressures could be an ability to tolerate the presence of AbHV, 

or a specific strain of AbHV.   

 

Previous research suggests that abalone do not develop acquired immunity to AbHV infection post 

exposure (Corbeil et. al., 2014). Molluscs, including abalone, rely on an innate immune system 

mediated by haemocytes, but no adaptive immune system is known to occur (Magnadottir, 2006). 

Instead it is suggested that local evolutionary pressures result in the development of innate resistance 

over time. This view is supported by studies of isolated abalone populations in California that were 

decimated by the disease Withering Syndrome. Remnant black abalone populations demonstrated 

resistance, but this resistance was not associated with increased ability to inactivate and eliminate the 

pathogen. Instead an ability to tolerate presence of the pathogen was observed in recovered 

populations. It was suggested that immunity to Withering Syndrome is, in part, a result of host 

tolerance of infection (Freidman et. al., 2014).   

 

One possible explanation for the varying clinical presentation in Tasmania is that abalone with an 

innate tolerance to low levels of the virus do not develop pathology, or they develop pathology over a 

longer period as viral titres rise. This disease pattern may have been observed in TIP1, TIP6 and 

TIP7, where blacklip abalone from areas where AbHV has been shown to be endemic did not develop 

pathology despite testing positive for high viral titres. In contrast, immune response to the presence of 

AbHV or a new strain of the virus, as seen in TIP1 Group 23, may induce tissue damage, as a result 

of an aggressive immune response. Such a response could result in neural tissue damage resulting in 

signs consistent with the acute form of AVG. 

 

Herpesviruses are characterised as having the ability to maintain a latent state in infected terrestrial 

animals. Commonly herpesviruses maintain their genomes within host cells as circular episomes 

within the nuclei of host cells although some herpesviruses have been found to integrate into the 

genome of host cells (Morissette and Flamand, 2010). The major tenet of viral latency is the presence 

of the pathogen viral genome in the absence of disease in the animal. This has been shown for the 

Herpesviridae (Morissette & Flamand, 2010) and has been suggested to occur in infections caused by 
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members of the Alloherpesviridae where low viral loads have been detected in subclinical or healthy 

animals (Eide et al., 2011). In the Malacoherpesviridae, the ostreid herpes virus (OsHV), which 

causes disease in oysters, has also been shown to be present at low viral loads in the absence of 

disease (Arzul et al., 2002). Therefore latent or sub‐clinical infection of oysters with OsHV‐1 has also 

been speculated to occur. 

 

The issue of latency has been investigated by Hooper and reported within Corbeil et. al., 2014. This 

author suggests that three lines of research have suggested that AbHV may latently and/or sub‐

clinically infect abalone:  the relationship of the virus to other herpesviruses, the detection of AbHV 

genomic sequences in abalone in the absence of disease, and finally the identification of anti‐

apoptotic genes within the AbHV genome. The absence of disease in wild populations in Tasmania 

followed by disease outbreaks in harvested abalone from these populations when transferred to live 

holding facilities provides evidence for the presence of latent/sub‐clinical infection in the wild. The 

AbHV prevalence data described in Section 2.4 also provides evidence of AbHV carriage in wild 

Tasmanian abalone populations, with variation in prevalence between regions and species 

(Table2.13). In particular, two regions of Tasmania, southern Tasmania (14.8% P<0.05) and King 

Island (35.3%, P<0.1), have been shown to have high levels of sub-clinical AbHV carriage. Both of 

these regions were major contributors of live abalone suppled to VSP1 where abalone broodstock 

were held prior to being distributed to farms in Victoria.  

 

Throughout the period of investigation into AVG in Tasmania case definitions for positive cases has 

changed as new information has become available. These changes primarily related to interpretation 

of results of qPCR tests. A list of case definitions used from 2008-2011 are provided in Table 2.1. 

These changes had no significant impact on the diagnostic sensitivity and specificity for clinical AVG 

cases because the definition did not rely solely on PCR. However, clinical signs and histopathology 

were not considered suitable tests to detect sub-clinical carriage or demonstrate disease freedom. 

Thus it was important to determine the diagnostic specificity and diagnostic sensitivity of qPCR for 

such purposes. 
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In the absence of a gold standard test, the method of choice to evaluate the accuracy of a diagnostic 

test is the Latent Class Model analysis (LCM) (Rindshopf & Rindshopf, 1986). Given that the intended 

purpose of the qPCR test in this case is to screen apparently healthy abalone populations to 

demonstrate freedom from infection, the method of choice should be the assay with the highest 

diagnostic sensitivity. The qPCR ORF66 was found to be the single test of choice for surveillance with 

a sensitivity of 59.1% and specificity of 99.2 %. The parallel combination of ORF49/66 provided a 

much better fit for screening when compared to any of the tests used individually providing a 

combined sensitivity of 86.0% and specificity of 98.1%. The negative predictive value will be 

substantially higher with the qPCR ORF49/66 combination regardless of the suspected prevalence. 

Based on the results of this analysis, for surveillance purposes, it is recommended that the ORF49 

and ORF66 qPCR tests are used in parallel to enhance diagnostic sensitivity.  

 

There is strong evidence to suggest that the Victorian disease outbreak was linked to movement of 

live abalone from Tasmania. Similar movements resulted in detection of infected abalone in NSW and 

Western Australia, however in these latter cases disease did not spread to the marine environment. 

Emergence of AVG can be linked to changes in industry production methods in Tasmania over the 

past 20 years. Increase in demand by customers for live abalone product has led to the development 

of live-holding facilities in processors where previously product would have been processed. The 

combination of mixing populations from different regions combined with potential for stress during 

transport and within live-holding facilities means that any sub-clinical infection present may be shed 

into the tank environment and spread throughout live-holding systems. Given this, it is not surprising 

that AVG has emerged as a disease affecting wild abalone supplied as live-product. It is likely that as 

the culture and live-holding of aquatic animals increases new diseases will continue to emerge.    
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