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1. NON TECHNICAL SUMMARY

2001/621 Molecular Diagnostic Tests to Detect Epizootic Ulcerative
Syndrome (Aphanomyces invadans), and Crayfish Plague
(Aphanomyces astaci)

PRINCIPAL INVESTIGATOR: Ms Nicky Buller

ADDRESS: Animal Health Laboratories
Department of Agriculture Western Australia
3 Baron-Hay Court
South Perth Western Australia 6151

Telephone: 08 9368 3425 Fax: 08 9474 1881
E-mail: nbuller@agric.wa.gov.au

OBJECTIVES:

1 Develop a sensitive and specific molecular diagnostic test for the detection
of Aphanomyces invadans in Australian fish, based on the polymerase
chain reaction (PCR) for use with fresh or dead tissue samples.

2 Develop a sensitive and specific molecular diagnostic test for the detection
of Aphanomyces astaci, based on the polymerase chain reaction (PCR) for
use with fresh or dead tissue samples.

3 Develop a rapid molecular diagnostic test for the detection of
Aphanomyces invadans, based on the technique of fluorescent in situ
hybridization (FISH), which allows visualization of the fungus direct from
lesion smears or culture material within one hour.

4 Develop a rapid molecular diagnostic test for the detection of
Aphanomyces astaci, based on the technique of fluorescent in situ
hybridization (FISH), which allows visualization of the fungus direct from
lesion smears or culture material within one hour.

S Transfer of this technology in the form of a kit for initial distribution and
evaluation to selected laboratories.

6 Write up Australian Standard Diagnostic Techniques based on the above
tests and in the format supplied by AFFA.




NON TECHNICAL SUMMARY:

OUTCOMES ACHIEVED TO DATE

A PCR has been developed that is specific for the detection and identification
of Aphanomyces invadans (epizootic ulcerative syndrome) from fungal
cultures and fish tissue. DNA extraction methods were optimised for
detection of oomycete fungus from broth culture and for direct detection in
fish tissue.

A number of primers for the detection of A. astaci (crayfish plague) have been
designed and these will be developed into a specific PCR in a later project
(FRDC 2004/91)

Crayfish Plague and Epizootic Ulcerative Syndrome are two fungal diseases
that affect freshwater crayfish and freshwater finfish, respectively. Crayfish
Plague, which is caused by Aphanomyces astaci, is exotic to Australia, but is
capable of causing massive stock losses of up to 100% should the disease
occur in Australia. It is present in North America where the native
freshwater crayfish are largely resistant to the disease or act as carriers of
the disease. Crayfish plague was transferred to Europe in the 1870’s through
infected stock and has wiped out many of the native freshwater crayfish in a
number of countries. Epizootic Ulcerative Syndrome (EUS), which is due to
infection by Aphanomyces invadans, is endemic in many fish in the river
systems throughout Australia. The disease causes economic loss to the
freshwater finfish aquaculture industry and affects local native stocks. Both
diseases are almost impossible to eradicate.

Both diseases may be difficult to diagnose, especially if laboratory personnel
are not sufficiently skilled in recognising or differentiating the diseases. The
culture and identification of both fungi can be difficult and prolonged.
Isolation and identification may be hampered by overgrowth from other fungi
that contaminate the lesion or the isolation medium. Culture is tedious and
may take up to 15 days before fungal growth is seen. It can then be difficult
to identify the fungus and often necessitates the culture being sent to a
specialist laboratory for confirmation of identification. Examination of
histological samples requires expertise and although the presence of wider
than normal hyphae is suggestive of Aphanomyces, it is not definitive.

Early detection and diagnosis of the disease is crucial to ensure rapid
disease response and containment, particularly for Crayfish plague, which is
exotic to Australia and the Asian region. Therefore, there was a need to
improve diagnostic capabilities of Australian laboratories and this objective
formed part of the federal budget initiative to improve disease diagnosis in
aquaculture.

The research undertaken in this project sought to provide two diagnostic
tests for each disease based on molecular biological techniques that isolated
and identified the fungi based on their DNA. The two techniques were the
Polymerase Chain Reaction (PCR) and Fluorescent In-Situ Hybridization
(FISH). Both techniques identify an organism by detection of a section of
DNA that is unique to that organism. The research involves searching for a




section of DNA that is unique to that organism and then proving this by
testing all fungi that are genetically similar or that may be found in the same
ecological location. For the detection and identification of A. invadans the
tests were applied to fungal culture material, fresh tissue, and paraffin-
embedded tissue. For A. astaci the tests were applied to paraffin-embedded
material and formalin-fixed tissue.

Optimal extraction of DNA from samples is of prime importance for achieving
an accurate and sensitive result. Two commercial methods were suitable; the
DNAzol reagent (Invitrogen™, Life Technologies) and the DNeasy mini plant
tissue kit (Promega).

A PCR that was specific to A. invadans was achieved. The PCR can be used
on culture material and fresh fish tissue using primers AIF14 + AIR10. The
test is specific and does not show cross-reaction with closely related
oomycete fungi such as Saprolegnia species. It is also specific against fungi
that are likely to occur as plate contaminants on laboratory media, such as
Aspergillus species and Penicillium species. Variable results have been
obtained for use on paraffin-embedded tissue, both seeded material and
diagnostic samples. This unreliable detection of DNA in paraffin-embedded
material may be due to the effect of the formalin fixative on the DNA, the
DNA extraction method or the large size (554 base pairs) of the amplicon
(amplified DNA segment). Investigations are continuing for this type of
sample.

The FISH method for A. invadans using fluorophores based on the primers
that were specific for the PCR were unable to produce a test that was
specific, as cross-reaction occurred with Saprolegnia species. The technique
was only applied to fungal culture.

A number of primers were designed for the specific detection of A. astaci.
However, no product was amplified from formalin-fixed tissue even though a
very weak amplicon of 750 base pairs was amplified using universal primers
to the large subunit gene (28S rDNA). This indicated that fungal material
was present in the sample and that the DNA extraction method was suitable.
The primers were designed to the virulence genes that have been sequenced
for A. astaci. These were the subtilisin-like proteinase precursor gene, the
trypsin proteinase precursor gene and the chi 1 gene for a putative chitinase.
One reason for non-amplification may be due to low copy number of the
genes in A. astaci, although this was addressed by using a nested PCR to
increase the sensitivity of the test. Another reason may be due to damaged
DNA caused by the formalin fixative.

A future project, FRDC 2004-091 will address the problems resulting from
the use of formalin-fixed tissue for A. astaci detection. The problems caused
by lack of fresh DNA for A. astaci will be overcome through the Australian
Animal Health Reference Laboratory, which has imported cultures of A.
astaci so as to provide fresh DNA for this project. The project will also
continue to develop the A. invadans PCR for use on paraffin-embedded
material and continue with the FISH method for both fungi. These methods
will then be validated by laboratories in Australia, New Zealand, Thailand
and United States of America.
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KEYWORDS: PCR, fluorescent in-situ hybridization, FISH, Epizootic
Ulcerative Syndrome (EUS), Crayfish plague, Aphanomyces astaci,
Aphanomyces invadans.
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3. BACKGROUND

Epizootic Ulcerative Syndrome (EUS) and Crayfish Plague are two fungal
diseases that affect freshwater fish and freshwater crayfish, respectively.
EUS is caused by Aphanomyces invadans and Crayfish Plague is due to A.
astaci. Members of the Aphanomyces genus belong to a group of water
moulds (Oomycetes) from the family Saprolegniaceae, which comprise several
pathogens of fish, crustaceans and plants (Leclerc et al., 2000).

A. invadans is the causative agent of Australian red spot disease, which is
synonymous with Epizootic Ulcerative Syndrome (EUS) in Southeast Asia,
mycotic granulomatosis from Japan (Egusa and Masuda, 1971) (McKenzie
and Hall, 1976; Callinan et al., 1995) and Ulcerative Mycosis in North
America (Dykstra et al., 1986).

EUS continues to spread through South East Asia into India and Pakistan,
and has been implicated in mortalities of menhaden in the USA, (Blazer et
al., 2002). In Australia, A. invadans affects ornamental fish, freshwater and
estuarine fish in particular silver perch, black bream and barramundi
(Figure 3-1). Work by Dr Richard Callinan (NSW) and others fulfilled Henle-
Koch’s postulates and thus established that the fungus A. invadans is the
primary pathogen in the syndrome, following an initial insult — usually acid
sulphate soil run-off. The acidified water damages the skin increasing the
fish’s susceptibility to infection with A. invadans (Callinan et al., 1995;
Sammut et al., 1996). The disease causes high mortality, and up to 80% of
the fish may be affected. The large red ulcerated lesions make the fish
unsaleable. Fish that are affected (both wild caught and aquaculture)
accounted for a production of 6,546 tonnes at a value of $288 million in
2002-03 (Australian Fisheries Statistics, 2003).

- et -

. - —— d _'"W.l
Figure 3-1. Black bream showing ulcer associated with EUS.

Crayfish Plague (Figure 3-2), caused by Aphanomyces astaci, is a devastating
disease affecting freshwater crayfish and in countries where the disease
occurs outbreaks may be associated with 100% mortality. Crayfish plague is
listed as significant by the Office Internationale des Epizooties (OIE). It is
endemic in Europe but exotic to Australia where local crayfish are highly
susceptible (Unestam and Ajaxon, 1976; Alderman, 1996). The fungus
penetrates and grows extensively within the crayfish cuticle by both
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enzymatic and physical means, causing death within a few weeks
(Bangyeekhum et al., 2001). Affected individuals may show protruding fungal
hyphae and melanin deposits on the carapace (Alderman et al., 1987).

Both diseases may be spread through water via production of motile
zoospores that infect other fish or crayfish, by affected individuals, or from
contaminated fishing equipment (Alderman et al., 1987; Nylund et al., 1993).
Thus once established the fungi are almost impossible to eradicate.

EUS continues to enter Australia through the ornamental fish trade.
Although Australia is free from Crayfish Plague, continued success to
maintain freedom relies on quarantine restrictions and, as recommended by
the OIE, prohibition of importation of live crayfish from areas where the
disease is either reported or its presence cannot be ruled-out.

In Europe attempts to protect native stocks from Crayfish Plague by banning
the importation of crayfish, have been unsuccessful.

Whiteclaw erayfish from the UK
Mermal Cravlish Crayflish Plague

Figure 3-2. Differences in appearance between a normal crayfish, and a crayfish
infected with crayfish plague.

Photographs courtesy Dr D. Alderman.

The difficulty of excluding any highly infectious disease means that it is
crucial to have the ability to maintain surveillance of current populations,
and to accurately and rapidly detect or monitor disease outbreaks with
rapid, reliable tests. Currently, detection of both diseases relies on clinical
diagnosis, histological examination and culture of the fungus (Alderman and
Polglase 1986, Jones and Buller 2000, Roberts et al., 1993, OIE Manual
2004). Many of the laboratories involved in diagnosis of fish diseases may
not have the capability and experience of laboratory culture for the
identification of these two diseases, and a diagnosis would rely heavily on
clinical signs and pathological findings. As explained in Section 4, NEED,
there are drawbacks to these methods.

This project attempted to improve diagnostic capabilities not only for the
detection, but also for the definitive identification of both A. invadans and A.

14



astaci by molecular methods using Polymerase Chain Reaction (PCR), and
Fluorescent In-Situ Hybridization (FISH) probes to detect fungal DNA.

4. NEED

There is a need for improved detection and identification techniques that will
improve laboratories’ diagnostic capabilities, provide accurate and rapid
disease assessment, improve importation/exportation testing times and
confidence, and allow prevalence studies to be undertaken.

Detection and identification of both diseases relies on histology and culture.
These methods are time-consuming because of the length of time for culture
(up to 15 days in the case of A. astaci), and do not provide definitive
differentiation from other Aphanomyces species.

The culture technique (Figure 4-1) is unreliable due to the difficulty in
growing Aphanomyces species, and the unreliability of the fungus
sporulating in artificial media; a requirement for distinguishing
morphological features and thus the identification of the fungus (Alderman
and Polglase 1986, Roberts et al.,, 1993, and in the authors experience).
Many of the diagnostic laboratories involved in fish diseases do not have
access to media preparation facilities (discussed at Fish Bacteriology
workshop, AAHL, 2001), and as specific growth media is required for both A.
invadans and A. astaci respectively, disease caused by these fungi may be
mis-reported.

Also, with histological diagnosis, fungal elements may not be seen until the
lesion is well advanced. With experience, A. invadans is easy to differentiate
because of the “larger than normal” size of the hyphae as seen in histology
slides (Figure 4-2). However, this does not constitute a definitive
differentiation from other Aphanomyces species or even other fungal species.

The current methods of diagnosis are entirely reliant on the experience of the
investigating scientists. The majority of laboratories have access to a
thermocycler and a fluorescent microscope. Thus the diagnostic methods
proposed in this submission may be more accessible to laboratories than the
current methods involving culture, clinical and histological experience.

Thus, rapid, reliable, diagnostic methods will reduce testing time for export
requirements, for example, export of fresh yabbies to Asia and Switzerland,
and increase assurance of Australia’s disease-free status for Crayfish Plague
in the case of exportation requirements. Improved detection capabilities will
allow a more correct assessment of EUS in Australia and give confidence to
the industry in laboratories’ capabilities.

15



Figure 4-1. Five-da'y growth of A. invadans on IM medium.

Figure 4-2. Histopathology section showing tissue infected with EUS (Grocott-Gomorri
stain).

Photograph courtesy Dr B. Jones.
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. OBJECTIVES

To develop a sensitive and specific molecular diagnostic test for the
detection of Aphanomyces invadans in Australian fish, based on the
polymerase chain reaction (PCR) for use with fresh or dead tissue samples

To develop a sensitive and specific molecular diagnostic test for the
detection of Aphanomyces astaci, based on the polymerase chain reaction
(PCR) for use with fresh or dead tissue samples

To develop a rapid molecular diagnostic test for the detection of
Aphanomyces invadans, based on the technique of fluorescent in situ
hybridization (FISH), which allows visualization of the fungus direct from
lesion smears or culture material within one hour.

To develop a rapid molecular diagnostic test for the detection of
Aphanomyces astaci, based on the technique of fluorescent in situ
hybridization (FISH), which allows visualization of the fungus direct from
lesion smears or culture material within one hour.

To publish Australian Standard Diagnostic Techniques based on the
above tests and in the format supplied by AFFA.
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6. METHODS

6.1 Development of a sensitive and specific molecular diagnostic test
for the detection of Aphanomyces invadans in Australian fish, based on
the polymerase chain reaction (PCR), and for its use with fresh or dead
tissue samples

6.1.1 Fungal isolates and diagnostic material

6.1.1.1 Fungal reference strains and clinical strains.

In order to design and test primers that were specific to A. invadans and A.

astaci, a number of individuals and organisations were contacted for

cultures, DNA or fixed tissues. The cultures, their details and the person or
organisation who supplied the cultures are listed in Table 6-1. The original
source of these cultures is acknowledged under the column headed “origin”
as separate from the person or institution who supplied the cultures for this

project.

Table 6-1. List of Oomycete fungal cultures

Isolate name | Isolate ID | AHL Disease Origin Supplier to
Lab ID AHL
A. invadans UM3 #38 Menhaden, USA, Dr Blaser, USA Dr Chinabut,
1998 AAHRI,
Thailand
A. invadans T99G2 #39 EUS, Giant Varinee Dr Chinabut,
(IMI Gourami, Thailand, | Panyawachira AAHRI,
836084) 1999 Thailand
A. invadans G2PA #40 EUS, Three-spot J. H. Lilley Dr Chinabut,
Gourami, 1994, AAHRI,
Thailand Thailand
A. invadans RF8 #41 EUS, Striped L. G. Willoughby | Dr Chinabut,
snakehead, AAHRI,
Thailand, 1992 Thailand
A. invadans RF6 (IMI #42 EUS, Striped L. G. Willoughby | Dr Chinabut,
836082) snakehead, AAHRI,
Thailand, 1992 Thailand
A. invadans 30P #43 EUS, Striped J. O. Paclibare Dr Chinabut,
snakehead, AAHRI,
Philippines, 1991 Thailand
A. invadans 4P (IMI #44 RSD, yellowfin R. Clarence, Dr Chinabut,
836086) bream, NSW, 1989 | Australia AAHRI,
Thailand
A. invadans NJM9701 #45 MG, Ayu, Japan, K. Hatai Dr Chinabut,
1997 AAHRI,
Thailand
A. invadans PAS8 #46 EUS, Striped J. H. Lilley Dr Chinabut,
snakehead, 1995, AAHRI,
Thailand Thailand
A. invadans B99C #47 EUS, Cirrhinus J. H. Lilley, M. H. | Dr Chinabut,
reba, Bangladesh, | Khan AAHRYI,
1999 Thailand
A. invadans WIC #54 MG, Menhaden, Dr V. Blaser Dr V. Blaser,
USA USA
A. invadans WIC2 #55 MG, Menhaden, Dr V. Blaser Dr V. Blaser,
USA USA
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Table 6-1, continued

Isolate name | Isolate ID | AHL Disease Origin Supplier to
Lab ID AHL
A. invadans A1S2 #23 EUS, NSW, 2002 R. Callinan, M. Dept of
Landos Fisheries,
NSW
A. invadans A2S2 #24 EUS, NSW, 2002 R. Callinan, M. Dept of
Landos Fisheries,
NSW
A. invadans AS-03- #53 EUS, WA, 2002 AHL Ian Vaughan,
0417 WA
Saprolegnia AS-01- #9 AHL DAWA
species 3195-1
Saprolegnia AS-01- #11 AHL DAWA
species 3195-2
Unidentified AS-01- #12 AHL DAWA
fungus 4189
Saprolegnia AS-00- #14 Lesion, Black AHL DAWA
3014 bream, WA, 2000
Saprolegnia AS-02- Lesion on fish. AHL (identified by | DAWA
ferax/ diclina 1803 partial
sequencing of ITS
region)
Cladosporium | AS-03- AHL DAWA
sp. 2247-1
Pythium WAC 8470 | #22 1997 Plant Pathology DAWA
sulcatum
Unidentified AS-02- #36 Lesion, Black AHL DAWA
fungus 3995 bream, WA, 2003
Achyla diffusa | ATCC #51*% ATCC
16111
Aphanomyces | ATCC #27* ATCC
species 62427*
Aphanomyces | ATCC #26* ATCC
frigidophilus 204