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EU comment

The EU would like to commend the OIE Aquatic Animal Health Standards Commission for
its work and for having taken into consideration EU comments on the Aquatic Code and
Manual submitted previously.

The EU notes the reply from the Aquatic Animals Commission to some of the previous EU
comments and the justification why some of those comments have not been taken into
consideration.

The EU only has few specific comments on this report of the February 2020 meeting of the
Aquatic Animals Commission (inserted in the text below) and in general supports the
proposed changes to chapters and articles presented therein.

The EU would like to stress again its continued commitment to participate in the work of
the OIE and to offer all technical support needed by the Aquatic Animals Commission and
its ad hoc groups for future work on the Aquatic Code and Manual.
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The COVID-19 pandemic has made it necessary to review the arrangements for Members’ participation in
international meetings, and in particular the 88th General Session of the World Assembly of Delegates of the OIE.
In this context, the OIE Council held an extraordinary meeting on 6 March 2020, and decided in agreement with
the Director General, that the OIE General Session for May 2020 would be restricted to Wednesday 27 May 2020
and be limited to the consideration of institutional matters (elections) and administrative matters (vote on the
budget), so as to ensure the institutional functioning of the Organisation; and technical matters that require the
approbation of the World Assembly on a regular annual basis, when that approbation is supported by mechanisms
of technical and procedural oversight previously agreed by the World Assembly (Official Recognition of Status;
Reference Centres; Register of Diagnostic Kits).

As a consequence, no new or amended chapters in the Aquatic Animal Health Code, the Terrestrial Animal Health
Code, the Manual of Diagnostic Tests for Aquatic Animals or the Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals will be proposed for adoption in 2020. Chapters that were to be proposed for adoption in 2020
will be proposed for adoption in May 2021.

To ensure a consistent approach across all three Specialist Commissions presenting international standards to the
World Assembly, the OIE has decided to take the following approach:

1. All relevant texts that were to be proposed for adoption in May 2020 will be circulated in the respective
Specialist Commission’s February 2020 report noting that adoption has been postponed until May 2021, and
that they will be open for one round of comments.

2. Only substantive comments that have not been submitted before will be considered.
3. The deadline for comments for relevant Aquatic Animals Commission Annexes is 10 July 2020.

4. Each Commission will consider such comments at its September 2020 or February 2021 meetings thereby
spreading out this work and enabling them to progress other work items.

5.  The texts (incorporating any revisions resulting from this process) will be included in the relevant
Commission’s February 2021 reports, to be proposed for adoption in May 2021.

6.  This process does not alter the regular process applying to other chapters being circulated for comments.
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The OIE Aquatic Animal Health Standards Commission (Aquatic Animals Commission) met at OIE Headquarters in
Paris from 19 to 26 February 2020. The list of participants is presented in Annex 1.

The Aquatic Animals Commission thanked the following Members for providing written comments on draft texts for
the OIE Aquatic Animal Health Code (hereinafter referred to as the Aquatic Code) and OIE Manual of Diagnostic
Tests for Aquatic Animals (hereinafter referred to as the Aquatic Manual) circulated in the Commission’s September
2019 meeting report: Argentina, Australia, Canada, Chile, Chinese Taipei, China (People’s Rep. of), Cuba, Ecuador,
Japan, Korea (Rep. of), New Caledonia, New Zealand, Nicaragua, Norway, Peru, Singapore, Thailand, the United
States of America (the USA), the Member States of European Union (EU) and the African Union Interafrican Bureau
for Animal Resources (AU-IBAR) on behalf of African Member Countries of the OIE.

The Commission considered all comments that were submitted on time and were supported by a rationale. The
Commission made amendments to draft texts, where relevant, in the usual manner by ‘double underline’ and
‘strikethrough’. In the Annexes, amendments proposed at this meeting are highlighted with a coloured background in
order to distinguish them from those made previously. The Commission did not consider comments where a rationale
had not been provided or that were difficult to interpret.

The Commission encourages Members to consider relevant information in previous Commission and ad hoc Group
reports when preparing comments, especially on longstanding issues. These reports are available on the OIE
Website.

The Table of Contents below lists the meeting agenda items and provides links to the items. Members should note
that texts in Annexes 2 to 7 and 11 to 14 that were to be proposed for adoption in May 2020, will be proposed for
adoption in May 2021 and are open for an additional round of comments. As these texts have already undergone
extensive consultation, Members are requested to only submit comments to address substantive issues that have not
been considered previously. Annexes 8 to 9 and 15 to 16 are presented for Member comments. Annex 10 is
presented for Member information.

Comments on Annexes 2 to 16 of this report must reach OIE Headquarters by the 10 July 2020 to be considered at
the September 2020 meeting of the Aquatic Animals Commission. Comments received after this due date will not be
submitted to the Commission for its consideration.

All comments should be sent to the OIE Standards Department at: standards.dept@oie.int.

Comments should be submitted as Word files rather than pdf files because pdf files are difficult to incorporate into
the Commission’s working documents.

Comments should be presented in the relevant Annex, and include new proposed text, supported by a structured
rationale or by published scientific references. Proposed deletions should be indicated in ‘strikethrough’ and
proposed additions with ‘double underline’. Members should not use the automatic ‘track-changes’ function
provided by Word processing software, as such changes are lost in the process of collating Members’ submissions
into the Aquatic Animals Commission’s working documents. Members are also requested not to reproduce the full
text of a chapter as this makes it easy to miss comments while preparing the working documents.

The Aguatic Animals Commission strongly encourages Members to participate in the development of the OIE’s
international standards by submitting comments on this report and participate in the process of adoption at the
General Session.
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WELCOME FROM THE DEPUTY DIRECTOR GENERAL

Dr Matthew Stone, Deputy Director General (International Standards and Science), welcomed the Specialist
Commission and thanked both the members for taking time from their busy schedules to support the work of
the OIE, and their employers and national governments.

Dr Stone provided a briefing on the OIE involvement in the COVID-19 international response led by the World
Health Organization.

Dr Stone noted the draft 7th Strategic Plan had recently been circulated to Delegates, and he summarised the
revisions to the OIE Headquarters organigram made in late 2019 as a result of the organisational assessment
processes linked to the strategy development. Dr Stone briefed the Aquatic Animals Commission on initiatives
in relation to Good Regulatory Practices, including expectations relating to regulatory stewardship, the
completion of the design phase of the OIE Observatory, and the initiation of work on an on-line commenting
system for standards development and review. He noted the intention to produce a clear articulation of the OIE
Science System, building on work over recent years to more clearly describe process and performance
management expectations of OIE Reference Centres, and committed to ongoing engagement with the Specialist
Commissions during this work.

Finally, Dr Stone provided an update on the Specialist Performance Management System, focussing on the
evaluation phase to be initiated in the second half of 2020 prior to the next elections for Specialist Commissions
in 2021.

ADOPTED AGENDA

The adopted agenda of the meeting is presented as the Table of Contents.

MEETING WITH THE DIRECTOR GENERAL

Dr Monique Eloit, OIE Director General, acknowledged the significant work being undertaken by the Aquatic
Animals Commission and thanked the Commission for its ongoing commitment. Dr Eloit also thanked the
members and the Secretariat for their work in finalising the OIE’s Aquatic Animal Health Strategy. Dr Eloit
considered this to be a very important strategy for the OIE that will provide a clear strategic vision to strengthen
the efforts of OIE staff, Members, partners and donors to improve aquatic animal health and welfare
worldwide.
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COOPERATION WITH OTHER SPECIALIST COMMISSIONS

The Aquatic Animals Commission met with the Secretariats for the Terrestrial Animal Health Standards
Commission (the Code Commission) and the Biological Standards Commission to share information and
explore areas of common interest.

OIE AQUATIC ANIMAL HEALTH STRATEGY

The Aquatic Animals Commission continued its work to finalise the draft OIE Aquatic Animal Health Strategy
(Aquatic Strategy).

The OIE Director General committed the OIE to developing a strategy for aquatic animal health at the 4th OIE
Global Conference on Aquatic Animal Health in Chile (April 2019) and reiterated this commitment at the
87th General Session in May 2019.

Development of the Aquatic Strategy is an initiative led by the OIE with the support of the Aquatic Animals
Commission. It recognises the growing importance of aquatic animal health and the need for a strategic
approach to its management worldwide. The Aquatic Strategy supports the 7th OIE Strategic Plan and is
aligned with the mandate of the OIE. It has been shaped heavily by inputs from the OIE Community to reflect
the highest priority common needs of Members.

The views of Members and OIE experts were sought through a range of fora including the OIE General
Session, Regional Commission Conferences, Global Conferences and technical items. Through these fora, the
need for an Aquatic Strategy and clear themes for its objectives emerged.

With the objectives identified for the Aquatic Strategy, the next step was to seek feedback from the OIE
Community on priority activities. In December 2019, the OIE conducted a consultation of the OIE Community
including Members (OIE Delegates and relevant OIE Focal Points), regional and sub-regional offices,
Reference Centres and other international partners.

The consultation sought views on four areas: i) what OIE activities are already working well, ii) what are the
greatest opportunities, iii) what are the greatest threats to the growth of aquatic animal production over the next
5-10 years and iv) prioritisation of proposed activities within the strategy itself.

Responses provided valuable input to shape the strategy, confirmed the needs of Members and prioritised the
activities to be included in the strategy.

February 2020 meeting
During its February 2020 meeting, the Aquatic Animals Commission met with relevant staff at OIE
Headquarters to present the draft and invite feedback, which the Commission considered critical as the Aquatic

Strategy is a transversal activity involving many OIE Departments in its implementation.

Following validation by Dr Eloit, it was intended that the OIE Aquatic Strategy be launched at the 88th General
Session in May 2020. Alternative plans for launch of the strategy are to be determined.

WORK PLAN OF THE AQUATIC ANIMALS COMMISSION

Comments were received from Chile, New Caledonia and the EU.

The Aquatic Animals Commission reviewed comments received from Members and informed Members that it
would address safe commodities by reviewing the structure of Article X.X.3 of all disease-specific chapters as
presented in the Commission’s work plan, which had been agreed at earlier meetings, under the item

‘improvement of standards in Sections 8-11". The Commission agreed to progress this work before February
2021.

OIE Aquatic Animal Health Standards Commission/February 2020



The Commission considered a request to reprioritise the order of the remaining diseases for the assessment of
susceptible species; however, it was agreed not to change the work plan as it was already well underway with
the relevant ad hoc Groups.

7.  OIE AQUATIC ANIMAL HEALTH CODE

The Aquatic Animals Commission noted that where amendments were of an editorial nature, no explanatory
text has been provided in this report.

7.1. Texts to be proposed for adoption in May 2021
7.1.1. New draft chapter on Biosecurity for aquaculture establishments (Chapter 4.X)

Comments were received from Argentina, Australia, Canada, Chile, Chinese Taipei, Cuba, Japan,
New Caledonia, New Zealand, Nicaragua, Norway, the USA, the EU and AU-IBAR.

Background

The new draft chapter on Biosecurity for aquaculture establishments (Chapter 4.X) is the second
new chapter to be developed as part of the ongoing revision of Section 4, Disease Prevention and
Control. The draft chapter has been circulated three times for comment between September 2018
and September 2019.

At the September 2019 meeting, the Aquatic Animals Commission revised the chapter in response
to two important issues raised by Members: fallowing and biosecurity at the compartment level.

Previous Commission reports where this item was discussed:

September 2018 report (Item 2.9, page 61); February 2019 report (Item 2.1, page 103); September
2019 report (Item 6.1, pages 21 and 33).

February 2020 meeting

General comments

The Commission noted that comments received supported the draft chapter and that the majority of
comments were editorial in nature.

The Commission reminded Members that Glossary terms are not italicised in titles.
Article 4.X.3 Introduction

For consistency with other parts of the chapter, the Commission agreed to add ‘welfare’ to the
opening sentence of the first paragraph.

The Commission agreed to add ‘may’ in the last paragraph, ‘The benefits may...”, noting that
implementation of biosecurity will not necessarily result in improved market access.

Article 4.X.4 General principles
The Commission did not agree to amend the Glossary definition of ‘biosecurity’ in line with the

OIE Terrestrial Animal Health Code (Terrestrial Code). The Commission noted that the terms
‘infection’, ‘infestation’ and ‘disease’ are used differently in the Codes.
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In paragraph 1, the Commission agreed to move ‘planning’ to the beginning of the second sentence
of the first paragraph to emphasise that this component is an important first step for biosecurity.

In paragraph 1, the Commission did not agree with a request to delete the reference to ‘within an
aquaculture establishment’ because the scope of this chapter is specific to biosecurity in
aquaculture establishments.

The Commission inserted a new point 5) to address signage, as it considered this an important tool
to raise awareness and understanding of certain biosecurity measures.

For point 1, regarding potential pathways, the Commission agreed to delete the reference to
Article 4.X.5, noting that this cross reference was not correct as it refers to categories of
aquaculture production systems and not pathways.

The Commission agreed with a comment that it is important to highlight that visitors to
aquaculture establishments are briefed and supervised to ensure compliance with the biosecurity
plan. However, the Commission considered that this issue was best addressed by the addition of a
new point 7, Personnel and visitors, in Article 4.X.6, Transmission pathways and mitigation
measures.

The Commission clarified that third-party audits would be undertaken by, or on behalf of,
customers or regulators as noted in point 7.

Article 4.X.5 Categories of aquaculture production systems
The Commission agreed to add ‘system’ to all the category titles.

The Commission did not agree to add ‘troughs’ as examples of semi-closed systems because
‘trough’ is not a commonly used term. It also noted that enclosed floating pens are considered as
semi-closed systems because there is partial control over water entering and exiting the system.

For closed systems, the Commission agreed to move the last sentence, ‘Environmental conditions
can also be controlled’, to the beginning of the paragraph to improve clarity.

Avrticle 4.X.5 bis Area management

The Commission did not agree with a comment to include a Glossary definition for ‘area
management’ as it considered the context of ‘area management’ was clear; in addition, the term is
used infrequently throughout the Aquatic Code.

The Commission did not agree to remove the term ‘area’ throughout the text of this article and
replace it with ‘zone’, noting that aquaculture establishments may be in defined geographic areas
(e.g. bays) rather than ‘zones’ with a specific health status.

The Commission agreed to add ‘coordination of” in the last sentence of the article to highlight that
cooperation in the implementation of biosecurity measures is required among aquaculture
establishments in shared water bodies.

The Commission considered to highlight the importance of ongoing communication between

aquaculture establishments but agreed that this was not necessary as ‘coordination’ among the
aquaculture establishments would include and implies such communication.
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Article 4.X.6 Transmission pathways and mitigation measures

1. Aquatic animals

For point 1, regarding transmission risks associated with aquatic animals, the Commission did not
agree with a comment to elaborate the requirements for exporting countries. The Commission
considered that this issue was outside the scope of this chapter, which is restricted to the
biosecurity of aquaculture establishments. The Commission agreed that the wording of point b)
was not clear and could be read as contradictory to point a) and amended the wording to state that
if aquatic animals of unknown status are introduced, they should be placed into quarantine.

The Commission did not agree that conditions in quarantine need to be described as ‘conducive to
clinical expression’. It considered that the glossary definition for quarantine is sufficient for the
purposes of this chapter. However, the Commission acknowledged that further guidance on
quarantine could be beneficial, and it agreed to consider this issue in the context of its work plan.

For point d), the Commission did not agree with a proposal to include ‘stress’, noting that the focus
of this point is exposure to pathogenic agents.

For point e), the Commission agreed to emphasise that movements of aquatic animals between
different populations should only be done with the view to maintaining the highest possible health
status of the populations and amended the text accordingly.

For point h), the Commission acknowledged a comment that Competent Authorities must follow
the OIE guidance on notification of suspicion of disease but did not agree to delete the reference to
local requirements in the text. The Commission explained that local requirements provide the legal
basis for reporting to the Competent Authority and may exceed the reporting obligations of the
Competent Authority to the OIE. The Commission did not agree to add ‘by the Aquatic Animal
Health Services under the direction of the Competent Authority’ at the end of this point, noting that
such investigations and the diagnosis of the cause of mortality may be carried out at the farm level
in some circumstances.

For the last sentence in i), the Commission did not agree with a proposal to state that fallowing
should be coordinated between aquaculture establishments that are subject to an area management
agreement, as it considered that it is possible to coordinate synchronous fallowing on farms in a
shared water body without a formal agreement.

For point j), the Commission did not agree with a comment to replace ‘infection’ with ‘pathogenic
agents’ because the focus of this point is on infection cycles.

The Commission did not agree to add a new point k) to cover animal movement records because
record keeping is not a mitigation measure. It also noted that record keeping is covered in point 2
b) of Article 4.X.8, Biosecurity plan development.

2. Aquatic animal products and aquatic animal waste

For point 2, regarding transmission risks associated with aquatic animal products and aquatic
animal waste, the Commission agreed to delete ‘aquatic animals’ in the last sentence of the first
paragraph to improve readability.

In the second paragraph, the Commission agreed to delete the second last sentence concerning high
risk waste as it considered this to be a repetition.

For point b), the Commission did not agree to add ‘and adopting biosecurity measures’ because the
adoption of biosecurity measures is implicit in the implementation of a biosecurity plan.
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In point c), the Commission agreed to replace ‘systems’ with ‘procedures’ in the first sentence and
to align the last sentence with the wording used in the previous point b). It did not agree to add
‘removal’ because ‘collection’ includes removal, whether it is removal from pens or from the
aquaculture establishment.

3. Water

For point 3, regarding transmission risks associated with water, the Commission did not agree to
change the phrase ‘risk of introduction of pathogenic agents into, spread within, and release from
aquaculture establishments’ in the first paragraph, noting that this terminology is used throughout
the chapter.

The Commission did not agree to delete the last sentence of b) ‘The level of treatment required will
depend on the identified risks.” because it provides important context. It added ‘type of” to the
sentence to emphasise that the selection of treatment method will depend on the identified risks.

The Commission agreed to add ‘and filtered waste’ to point ¢) because this type of waste is not
specified elsewhere in the chapter. It also agreed to add ‘type’ to the last sentence because the
selection of a disinfection method(s) will be determined by its effectiveness against the specific
pathogenic agent. It also agreed to delete the word ‘holding’, noting that it was superfluous.

In response to comments, a new point f) was added to address measures to mitigate the risk of
water entering the aquaculture establishment via the transport of aquatic animals. The Commission
highlighted that further guidance on management of transport water is provided in Chapter 5.5,
Control of aquatic animal health risks associated with transport of aquatic animals.

4, Feed

The Commission did not agree to add a new point to emphasise the importance of appropriate
storage and management of feed on site and practices to mitigate the risk of contamination of feed,
as it considered that this point was addressed in sufficient detail in the proposed text.

5. Fomites

For point 5, regarding transmission risks associated with fomites, the Commission agreed to amend
the text to include fomites moved within, and from, the aquaculture establishment.

The Commission did not agree to specify that disease risks of fomites that have been in direct
contact with aquatic animals should receive special attention, because risk assessment would
address all levels of disease risk.

6. Vectors

For point 6, regarding transmission risks associated with vectors, the Commission agreed to
replace ‘risk’ with ‘likelihood’ in the first paragraph. Similar amendments were made throughout
the chapter, where appropriate, to reflect the intended meaning.

For point a), the Commission agreed to make an editorial change to improve readability. It did not
agree to delete ‘or disinfection’ in a) i) because only physical mitigation measures are addressed
under this point.

For point b), the Commission did not agree to add a sentence that pest control should be carried out

in an ethical and environmentally friendly manner because such guidance is not within the scope of
the chapter.
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7. Personnel and visitors

In response to a comment, the Commission added a new point 7, Personnel and visitors,
recommending that visitors to aquaculture establishments are briefed and supervised to ensure
compliance with the biosecurity plan.

The Commission agreed that signage was important to raise awareness and concluded that it was
best addressed in Article 4.X.4, General principles, rather than in Article 4.X.6, Transmission
pathways and mitigation measures.

Avrticle 4.X.7 Risk analysis

The Commission noted a request to include the potential establishment of pathogenic agents in the
environment in the descriptors for consequence in Table 2. However, the Commission declined to
make the suggested change because the chapter concerns biosecurity for aquaculture
establishments, and thus the assessment of risk for pathogen establishment in the environment is
outside of its scope.

The Commission did not agree to delete the reference to trade in Table 2 noting that, for the
purpose of this chapter, trade described at the level of the aquaculture establishment is relevant.

In Table 3, the Commission did not agree to change the title to ‘Matrix for assessing risk’ as it
considered it to be clear and accurate as written. It did, however, agree to replace ‘medium’ with
‘low’ under the insignificant consequence and certain likelihood combination as it agreed this was
a more appropriate risk estimate.

Under Step 3, the Commission did not agree to delete ‘cost-effective’ from the first paragraph
because it considered this an important part of prioritising mitigation measures.

Avrticle 4.X.8 Biosecurity plan development

For point 1a), regarding the development of a biosecurity plan, the Commission agreed to add
‘scope’ because it is an important part of the biosecurity plan. It also agreed that the plan should
include information on access points to the aquaculture establishment and added text to address
this in point b).

For point 2, the Commission agreed to add ‘quarantine measures’ in the examples of
documentation required in b). The Commission did not agree to include ‘regulatory requirements’
because this was covered elsewhere in the chapter.

In point c), the Commission did not agree to specify that the reporting requirements should be
limited to reporting to Competent Authorities, because procedures could include reporting to the
management of the aquaculture establishment or to private aquatic animal health professionals.

In point c), the Commission did not agree to add ‘contingency planning’ to the title because
contingency planning is outside the scope of this chapter.

The revised new Chapter 4.X, Biosecurity for Aquaculture Establishments, is presented in Annex 2
for Member comments.

EU comment
The EU thanks the OIE and supports the revised new Chapter 4.X contained in Annex 2.
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7.1.2.

The adoption of the chapter has been postponed until the 89th General Session in May 2021. As
the chapter has already undergone extensive consultation, Members are requested to only submit
comments to address substantive issues that have not been considered previously.

Listing of infection with decapod iridescent virus 1 (DIV1) — Revised Article 1.3.3 of
Chapter 1.3

Comments were received from Chinese Taipei, New Caledonia, Nicaragua and the EU.
Background

The Commission, at its February 2019 meeting, assessed infection with shrimp haemocyte
iridescent virus (SHIV) against the criteria for listing aquatic animal diseases in Article 1.2.2 and
agreed that infection with SHIV meets the OIE criteria for listing and should be added to Article
1.3.3, Diseases of crustaceans listed by the OIE. At this meeting the name was changed to
‘Infection with decapod iridescent virus 1 (DIV1)’ in accordance with the classification of the

pathogenic agent in the database of the International Committee of Taxonomy of Viruses (ICTV).

The proposal to list infection with DIV1 has been circulated three times for comments, and each
time the assessment against the criteria for listing for information was included.

Previous Commission reports where this item was discussed:

February 2019 report (Item 3.1.1, page 113); September 2019 report (Item 6.2, page 45).

February 2020 meeting

The Commission noted that all comments received supported the listing of infection with DIV1.

In response to a request to consider introducing acronyms in the list of diseases, the Commission
noted that this is not the convention for Chapter 1.3 but emphasised that acronyms and common

disease names are used in the disease-specific chapters.

The revised Article 1.3.3 of Chapter 1.3, Diseases listed by the OIE, is presented in Annex 3 for
Member comments (see also Item 7.3.4.).

EU comment

The EU thanks the OIE and supports the revised article 1.3.3 of Chapter 1.3. presented in

Annex 3.

7.1.3.

Note: The adoption has been postponed until the 89th General Session in May 2021. As the Article
has already undergone extensive consultation, Members are requested to only submit comments to
address substantive issues that have not been considered previously.

Model Article 10.X.13 for the fish disease-specific Chapters 10.5, 10.6 and 10.10 (and
Article 10.4.17 for Chapter 10.4)

Comments were received from Australia, Chile, Chinese Taipei and the EU.
Background
Revision of Article 10.X.13, Importation of disinfected eggs for aquaculture from a country, zone

or compartment not declared free from infection with pathogenic agent X, for the fish disease-
specific Chapters 10.5, 10.6 and 10.10 (and Article 10.4.17 for Chapter 10.4), was initiated by the
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Agquatic Animals Commission in February 2019 in response to requests to clarify the intended
purpose of this article. The model article has been circulated twice for comments.

Previous Commission reports where this item was discussed:
September 2019 report (Item 6.3, page 47); February 2020 meeting.

The Commission noted that comments received supported the proposed amendments and included
some amendments of an editorial nature.

The Commission agreed to include in the first paragraph a cross reference to Chapter 4.4,
Recommendation for surface disinfection of salmonid eggs, to provide guidance to Members on
disinfection protocols.

For point 1, the Commission did not agree to include a recommendation for Competent Authorities
of importing countries to gain assurances from the Competent Authority of the exporting country
because it considered this to be implicit in the current text.

The Commission did not agree to refer to the protocol in point 1 a) of Article 4.4.2 (of Chapter 4.4)
because other protocols may be equally effective. It also did not agree to include text referring to
Avrticle 4.4.1) (of Chapter 4.4) in point c) as it considered this unnecessary detail and the reference
to Chapter 4.4 in the leading text for point 1) was sufficient.

The Commission amended the first sentence of point 2 to clarify that the Competent Authority of
the importing country cannot itself apply measures pre-import, as acknowledged in Article 3.

For point 2, the Commission did not agree to include procedures for species other than for
salmonids. It reiterated that it had asked Members on several occasions to provide protocols for
other species, but to date without response.

The Commission did not agree to remove ‘including’ in point 2. It noted its use allows for
additional measures than those listed, and removing it would limit the options. The Commission
decided that disinfection upon arrival should not be a requirement, but a post-importation measure
that a Member should consider.

The Commission amended point 3 to restrict the application of international health certification to
point 2 a) and b), because internal measures also given in point 2 are not relevant to international
certification.

The revised Model Article 10.X.13 for the fish disease-specific Chapters 10.5, 10.6 and 10.10 (and
Article 10.4.17 for Chapter 10.4) is presented in Annex 4 for Member comments.

EU comment
The EU thanks the OIE and supports Annex 4.

Note: The adoption has been postponed until the 89th General Session in May 2021. As the Article
has already undergone extensive consultation, Members are requested to only submit comments to
address substantive issues that have not been considered previously.

7.1.4. Article 10.9.2 of Chapter 10.9 Infection with spring viraemia of carp virus
Comments were received from Canada, China (People's Rep. of), Chinese Taipei and the USA.
Background

The revised list of susceptible species in Article 10.9.2 of Chapter 10.9, Infection with spring
viraemia of carp virus (SVCV), was adopted at the 87th General Session in May 2019. However, in
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light of new scientific evidence on the susceptibility of zebrafish to infection with SVCV, the
Agquatic Animals Commission reviewed the previous assessment for this species and agreed that
zebrafish did meet the criteria for listing as a susceptible species and should, therefore, be included
in Article 10.9.2. This proposal was circulated for comment in the Commission’s September 2019
report.

February 2020 meeting

The Commission noted that Members supported zebrafish (Danio rerio) being included in the list
of susceptible species in Article 10.9.2.

A request was made to list yellow Perch (Perca flavescens) and sockeye salmon (Oncorhynchus
nerka) as susceptible species for infection with SVCV in Article 10.9.2 based on evidence in the
study by Emmenegger et al., 2016. In response, the Commission reminded Members that the
assessments for these two species conducted by the ad hoc Group on Susceptibility of fish species
to OIE listed diseases in November 2017 had considered this paper. The ad hoc Group had
concluded that these species did not meet the criteria for susceptibility because the route of
experimental infection described in the study was invasive. The Commission reiterated its previous
decision not to list these two species as susceptible.

The Commission informed Members that if they wish to propose the listing of additional species,
they are encouraged to read relevant ad hoc Group reports (https://www.oie.int/en/standard-
setting/specialists-commissions-working-ad-hoc-groups/ad-hoc-groups-reports/), and to submit
new scientific evidence in support of their proposal.

Reference: Emmenegger, A. J., Sanders, G. E., Conway, C. M., Binkowski, F. P., WintonJ. R. and
Kurath, G. (2016). Experimental infection of six North American fish species with the North
Carolina strain of spring Viremia of Carp Virus. Aquaculture, 450, 273-282.

The revised Article 10.9.2 of Chapter 10.9, Infection with spring viraemia of carp virus, is
presented as Annex 5 for Member comments. The adoption has been postponed until the 89th
General Session in May 2021. As the Article has already undergone extensive consultation,
Members are requested to only submit comments to address substantive issues that have not been
considered previously.

EU comment
The EU thanks the OIE and supports the changes contained in Annex 5.

7.1.5. Article 10.10.2 of Chapter 10.10 Infection with viral haemorrhagic septicaemia virus
Comments were received from Canada, Korea (Rep. of), Thailand, the USA and the EU.
Background

The ad hoc Group on Susceptibility of fish species to OIE listed diseases had applied the criteria
for listing species as susceptible to infection with viral haemorrhagic septicaemia virus (VHSV) in
accordance with Chapter 1.5, Criteria for listing species as susceptible to infection with a specific
pathogen (report available at https://www.oie.int/en/standard-setting/specialists-commissions-
working-ad-hoc-groups/ad-hoc-groups-reports/). The assessments were reviewed by the
Commission at its September 2019 meeting and the amended list of susceptible species in Article
10.10.2 was circulated for comment for the first time in the Commission’s September 2019 report.

Previous Commission reports where this item was discussed:
September 2019 report (Item 6.4, page 49).
February 2020 meeting

The Commission confirmed that zebra fish (Danio rerio) does meet the criteria for listing as
susceptible because infection has been demonstrated by a natural route of transmission
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(immersion) by Cho et al. (2019); however, this study had been inadvertently left out of the ad hoc
Group’s report. Species can meet the criteria for listing as susceptible based on experimental
studies but in such cases, consideration needs to be given to whether experimental procedures (e.g.
injection, infective load) mimic natural pathways for disease transmission.

In response to a comment about the interpretation of the application of the criteria for listing
species as susceptible, the Commission acknowledged that, although the interpretation of evidence
required to assess a species as susceptible had not changed, it agreed that it had not been
sufficiently described in previous reports. The Commission emphasised that, as noted in the
September 2019 report of the ad hoc Group on Susceptibility of fish species to infection with OIE
listed diseases, if only a single study provided evidence for susceptibility of a species, some form
of corroborating evidence was also required to satisfy the criteria for susceptibility. Corroborating
evidence may be found either within the scientific reference paper or in other papers.

Several Members commented on the listing of VHSV genotypes in the table of susceptible species
in Article 10.10.2. The Commission agreed to remove genotypes from the table because
knowledge of species susceptibility by genotypes was incomplete and the information was not
relevant for trade purposes. Any differentiation of trade measures based on genotype would require
that the case for VHSV strain differentiation be assessed by the Commission using the approach
that the Commission had previously applied to ISAV.

However, the Commission agreed that information on VHSV genotypes should be included in the
VHSV chapter of the Aquatic Manual in the list of susceptible species (2.2.1) and the list of
species with incomplete evidence for susceptibility (2.2.2), as this is valuable epidemiological
information. The Commission noted that the Aquatic Manual Chapter 2.3.10, Viral haemorrhagic
septicaemia, is currently being reformatted into the new template and the list of genotypes will be
checked in accordance with this proposal by the OIE Secretariat.

The Commission decided to clearly mark when there is a lack of information about genotype for a
susceptible species to avoid confusion.

The Commission requested the OIE Secretariat to review the list of references in the ad hoc Group
report to correct errors, make necessary amendments and update the version on the OIE website.

A Member requested that brook trout (Salvelinus fontinalis) and burbot (Lota lota) be considered
for listing as species susceptible to VHSV based on unpublished information. The Commission
reiterated that i) the ad hoc Group can only consider published information and ii) these two
species had been assessed by the ad hoc Group and found not to meet the criteria for susceptibility.
The Commission encouraged Members to provide any new scientific evidence to the Commission
for its review.

The Commission did not agree with a request to add ‘olive flounder’ as a common name for
bastard halibut (Paralichthys olivaceus), and reminded Members that it had agreed to refer to
common names of fish species in line with FAOTERM
(http://www.fao.org/faoterm/collection/faoterm/en/) and scientific fish names in line with Fishbase
(https://www.fishbase.se/search.php).

The Commission amended the scientific name of brown bullhead from ‘Ictalurus nebulosus’ to
‘Ameiurus nebulosus’ in line with the naming in Fishbase.

Reference: Cho, S. Y., Protzman, R. A., Kim, Y. O., Vaidya, B., Oh, M. J., Kwon, J. and Kim, D.
(2019). Elucidation of mechanism for host response to VHSV infection at varying temperatures in
vitro and in vivo through proteomic analysis. Fish and Shellfish Immunology, 88, 244-253.

The revised Article 10.10.2 of Chapter 10.10, Infection with viral haemorrhagic septicaemia virus,
is presented as Annex 6 for Member comments.
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EU comment
The EU thanks the OIE and supports Annex 6.

Note: The adoption has been postponed until the 89th General Session in May 2021. As the Article
has already undergone extensive consultation, Members are requested to only submit comments to
address substantive issues that have not been considered previously.

7.1.6. Glossary definitions for ‘Aquatic animal waste’ and ‘aquatic animal products’
Comments were received from Chile, Canada, New Zealand, the EU and AU-IBAR.
Background

At its September 2019 meeting, the Aquatic Animals Commission proposed a new Glossary
definition for ‘aquatic animal waste’ given that the term is used extensively in the new draft
chapter on Biosecurity for aquaculture establishments (Chapter 4.X) as well as in Chapter 4.7,
Handling, disposal and treatment of aquatic animal waste. The new Glossary definition was
circulated for comment in the Commission’s September 2019 report.

Previous Commission reports where this item was discussed:

September 2019 report (Item 6.7, page 79).
February 2020 meeting

The Commission considered comments and amended the definition of ‘aquatic animal waste’ to
make the distinction between aquatic animal products and aquatic animal waste, and to distinguish
aquatic animal waste from aquatic animal by-products. As a consequence of these amendments, the
Commission also made changes to the definition of ‘aquatic animal products’ to align it with the
new definition of ‘aquatic animal waste’.

The Commission noted that, as per convention, once the new Glossary definition for ‘aquatic
animal waste’ is adopted, the definition for ‘aquatic animal waste’ in Article 4.7.3 will be deleted.

The Commission also reviewed the use of the term ‘waste’ throughout the Aquatic Code and
proposed that once the new definition for ‘aquatic animal waste’ is adopted, the term ‘waste’ will
be amended to the italicised term ‘aquatic animal waste’, where relevant, to reflect the defined
term.

EU comment

There is an error with the numbers of the annexes. The proposed amendments of the term
‘waste’ to ‘aquatic animal waste’ in the Aquatic Code are in Annex 8.

The revised Glossary definitions for ‘aquatic animal waste’ and ‘aquatic animal products’ are
presented in Annex 7 for Member comments.

EU comment

The EU thanks the OIE and supports the revised Glossary definitions in annex 7 and 8 (see
EU comment above).

Note: The adoption has been postponed until the 89th General Session in May 2021. As the
Glossary definitions have already undergone extensive consultation, Members are requested to
only submit comments to address substantive issues that have not been considered previously.
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7.2. Texts for Member comments
7.2.1. Revised Glossary definition for ‘vector’
In response to a request from the ad hoc Group on Susceptibility of mollusc species to infection
with OIE listed diseases, the Commission amended the Glossary definition of ‘vector’ to make it
clear that vectors for a specified infectious agent cannot be listed as a susceptible species for the
same agent.

The revised Glossary definition for ‘vector’ is presented in Annex 8 for Member comments.

EU comment

There is an error with the numbers of the annexes. The revised definition of ‘vector’ is in
annex 7.

Annex 8 contains the proposed amendments of the term ‘waste’ to ‘aquatic animal waste’ in
the Aquatic Code.

7.2.2. Approaches for determining periods required to demonstrate disease freedom
Background

A discussion paper on approaches for determining periods required to demonstrate disease
freedom, developed by the Aquatic Animals Commission, was first circulated for comments in the
Commission’s September 2018 report. The Commission considered comments received and
circulated a revised discussion paper in its September 2019 report.

Previous Commission reports where this item was discussed:
September 2018 report (Item 2.10, page 71); September 2019 report (Item 6.6, page 55).
February 2020 meeting

Comments were received from Australia, Canada, Chile, China (People’s Rep. of), Japan,
Nicaragua, New Zealand, Norway, Thailand, the USA and the EU.

The Commission acknowledged the constructive comments submitted on the discussion paper and
concluded that the paper had served its purpose. Based on the comments, the Commission focused
on revising model Articles X.X.4, X.X.5 and X.X.6 in the disease-specific chapters of the Aquatic
Code on disease freedom and Chapter 1.4.

Model articles for disease-specific chapters were drafted to cover issues related to establishing
disease freedom at country, zone and compartment level, e.g. vaccination and basic biosecurity
conditions, which will be cross-referenced in relevant articles in Chapter 1.4.

The structure of existing model Articles X.X.4 to X.X.6 will be retained but revisions are
proposed. The absence of susceptible species will not be available as a pathway for disease
freedom for pathogens with a broad host range (currently this pathway is not available for infection
with Aphanomyces invadans (Epizootic ulcerative syndrome) and infection with viral
haemorrhagic septicaemia virus [VHSV]). Separate articles have been drafted for establishing
disease freedom for a zone and compartment and a new article on restoring freedom at
compartment level has been included. The Commission decided that targeted surveillance is
always required to establish freedom for a compartment (historic freedom and absence of
susceptible species are not appropriate pathways for disease freedom at compartment level).
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Chapter 1.4 will be revised to focus on supporting provisions of the disease-specific Aquatic Code
chapters. The current Article 1.4.6 will be expanded into multiple articles and include criteria and
approaches set out in the discussion paper (e.g. guidance on surveillance to achieve disease
freedom). The generic information on surveillance and examples of surveillance systems in the
current Chapter 1.4 will be considerably shortened or removed.

Model Articles X.X.4, X.X.5 and X.X.6 for the disease-specific chapters of the Aquatic Code are
presented in Annex 9 for Member comments.

EU comment

The EU in general supports the changes in Annex 9. Several EU comments have been

included.

7.3. Texts for Member information

7.3.1.

7.3.2.

7.3.3.

De-listing of infection with infectious hypodermal and haematopoietic necrosis virus
(IHHNYV) — Revised Article 1.3.3 of Chapter 1.3

The Commission had received a request from a Member to remove infection with infectious
hypodermal and haematopoietic necrosis virus (IHHNV) from the list of diseases in Article 1.3.3
of Chapter 1.3, Diseases listed by the OIE. The Commission agreed to consider the issue further at
its September 2020 meeting. It requested that Members provide any available information relevant
to the Criteria for Listing Aquatic Animal Diseases; specifically listing criteria 4b) and 4c) of
Article 1.2.2 (consequences for cultured or wild aquatic animals respectively).

The Commission wished to advise Members that any recommendation to de-list IHHNV would be
provided to Members for consideration — together with an assessment against the listing criteria.

New draft chapters on emergency disease preparedness and disease outbreak management

The Commission agreed to commence work on two new chapters for the revised Section 4,
Disease Prevention and Control: i) Emergency disease preparedness and ii) Disease outbreak
management. The Commission agreed to define the article structure for both chapters, given how
closely the two chapters are linked, and to review this work at its September 2020 meeting.

Infection with Carp edema virus (CEV)

The Commission reviewed scientific information on infection with carp edema virus (CEV) given
that it has been reported recently in several countries in the Asia-Pacific region and appears to be
extending its geographic range. The Commission noted that the disease was listed as a notifiable
disease by the Network of Aquaculture Centres in Asia-Pacific (NACA) in 2017 and that it has
been reported to significantly impact carp production, which is the largest fish production in the
world.

Based on available scientific information, the Commission agreed that infection with CEV meets
the OIE definition of an ‘emerging disease’ and, as such, Members should report it in accordance
with Article 1.1.4 of the Aquatic Code. The Commission also encouraged Members to investigate
mortality and morbidity events linked to this disease, emphasising that a better understanding of
the virus is essential for efforts to control its possible spread. Members are encouraged to submit
information on their experiences with infection with CEV and its impacts to the Commission,
which will review the situation at its September 2020 meeting.
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7.3.4. Assessment of infection with decapod iridescent virus 1 (DIV1) for listing in Chapter 1.3 of
the Aquatic Code

The Commission accepted most of the comments received on the assessment of infection with
DIV1 against the criteria for listing aquatic animal diseases in Article 1.2.2, Criteria for listing
aquatic animal diseases, to improve clarity

The revised assessment of infection with DIV1 is presented in Annex 10 for Member information
(see also Item 7.1.2.).

8. OIE MANUAL OF DIAGNOSTIC TESTS FOR AQUATIC ANIMALS

8.1.

8.2.

Status of Aquatic Manual revisions

The Aquatic Animals Commission examined the status of chapters that had previously been identified for
substantive revision. These chapters include those in Section 2.3, Diseases of Fish, and a new chapter on
Infection with Batrachochytrium salamandrivorans. The Commission agreed to a target of circulating first
drafts of the remaining fish disease chapters, which are revised using the new template, for review at the
September 2020 meeting.

The Commission reiterated the decision to no longer revise the chapters on delisted diseases and to
remove them from the Aquatic Manual following the General Session in May 2021. The Commission
noted that it was important to focus available resources on maintaining the quality of chapters for listed
diseases. The chapters for delisted diseases would remain available in previously published versions of the
Aquatic Manual.

Texts to be proposed for adoption in May 2021
Horizontal amendments

The Aquatic Animals Commission agreed to a proposal to add the word ‘apparently’ in the title of Table
4.1, OIE recommended diagnostic methods and their level of validation for surveillance of healthy animals
and investigation of clinically affected animals, before the words ‘healthy animals’. This amendment will
be made horizontally to all Aquatic Manual chapters and to the template.

The Commission did not agree to combine test methods in the rows of Table 4.1, for example to combine
cell culture and a molecular or immunological method in the same row. The Commission reminded
Members that test methods are listed separately in Table 4.1, and that combinations of test methods,
necessary to define a suspect or confirmed case, are given in Section 6, Corroborative diagnostic criteria.

In response to a number of comments regarding the use of abbreviations, the Commission reiterated that in
the Aquatic Manual, the abbreviation ‘RT-PCR’ is reserved for reverse-transcription polymerase chain
reaction methods; ‘real-time PCR’ is always stated in full. The term ‘conventional PCR’ is used
throughout the Aquatic Manual, including in Table 4.1 and the title of Section 4.4.2.

The Commission accepted a request to delete ‘serological’ from the title of Section 4.10, Other serological
methods, as the other methods should not be limited to serological ones. This change will be made
horizontally to all the Aquatic Manual chapters and to the template.

The Commission did not agree with a number of proposed changes to the text in Section 6, Corroborative
diagnostic criteria. The text in this Section is given in the chapter template and is standard throughout all
the chapters.

The Commission agreed with a comment to add an explanation of the purpose of Table 6.1, Diagnostic
performance of tests recommended for surveillance or diagnosis, given in Section 6.3, Diagnostic
sensitivity and specificity for diagnostic tests. This change will be made horizontally to all the Aquatic
Manual chapters and to the template. The Commission reiterated that the information included in the table
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is important for the interpretation of test results; where there is no information available to complete the
table (due to a lack of estimates for diagnostic sensitivity and specificity), this will be stated in this
section.

8.2.1.

Infection with spring viraemia of carp virus (Chapter 2.3.9)

Comments were received from Australia, Canada, Chinese Taipei, China (People’s Rep. of), Korea
(Rep. of), Singapore, Thailand, the EU and AU-IBAR.

The Aquatic Animals Commission did not agree with a comment proposing to delete the fire belly
newt (Cynops spp.) and the white leg shrimp (Penaeus vannamei), from Section 2.2.2, Species with
incomplete evidence for susceptibility, because these are not finfish species. The Commission
noted that the ad hoc Group on susceptibility of fish species to infection with OIE listed diseases
had found that these species met the criteria for inclusion in this section. The Commission stressed
that the purpose of this Section is to provide information that may be relevant to risk assessment
and to highlight issues that may warrant further research.

The Commission did not agree with the proposal to move rainbow trout (Oncorhynchus mykiss)
from Section 2.2.2, Species with incomplete evidence for susceptibility, to Section 2.2.1,
Susceptible host species, as the Member had not provided any new evidence that would justify a re-
consideration of the ad hoc Group’s conclusions.

In reply to a Member comment to add more recent information to Section 2.4.6, Disinfection of
eggs and larvae, the Commission confirmed that the current reference is valid and that it was not
aware of any more recent scientific studies on this matter.

In response to a request to expand the information given in Section 3.5.3, Fixed samples for
histopathology, immunohistochemistry or in-situ hybridisation, the Commission indicated that
generic information on fixation techniques is given in Chapter 3.2.0, General information. There
was no rationale given for repeating the information in this chapter or for providing guidance
specifically relevant to spring viraemia of carp virus.

A Member proposed adding a sentence to Section 3.6, Pooling of samples, on the need to consider
the impact of pooling on decisions related to trade. The Commission noted that as the Aquatic
Manual principally provides diagnostic test methods, it is not the appropriate text for provisions on
trade.

For Table 4.1, OIE recommended diagnostic methods and their level of validation for surveillance
of healthy animals and investigation of clinically affected animals, a Member proposed that the
level of validation noted for cell culture should be raised from 1 to 3 because it has been used for
many years. The Commission noted that levels of validation are based on studies published in peer-
reviewed journals and in accordance with the OIE Validation Pathway given in Chapter 1.1.2,
Principles and methods of validation of diagnostic assays for infectious diseases.

The Commission did not agree to add a sentence to Section 4.3, Cell or artificial media culture for
isolation, stating that a test can be declared negative if no cytopathic effect (CPE) occurs, because
of the risk of false positive results from unclear or atypical CPE.

The Commission did not agree to include a paragraph in Section 5, Test(s) recommended for
surveillance to demonstrate freedom in apparently healthy populations, indicating that the tests
described in the chapter are insufficient to achieve freedom. Again, the Aquatic Manual is not the
appropriate text for such statements.

The revised Chapter 2.3.9, Infection with spring viraemia of carp virus, is presented in Annex 11
for Member comments. The adoption of the revised chapter has been postponed until the 89th
General Session in May 2021. As the revised chapter has already undergone extensive consultation,
Members are requested to only submit comments to address substantive issues that have not been
considered previously.
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EU comment

The EU thanks the OIE and in general supports Annex 11. One EU comment has been
included in the body of the text of Annex 11.

8.2.2. Infection with Batrachochytrium salamandrivorans (Chapter 2.1.3)

Comments were received from Australia, Canada, China (People’s Rep. of), Thailand, the EU and
AU-IBAR.

A number of minor editorial comments were received, and the chapter was amended accordingly.

In Table 4.1, OIE recommended diagnostic methods and their level of validation for surveillance of
healthy animals and investigation of clinically affected animals, the Aquatic Animals Commission
agreed to delete the lateral flow assay from column A, Surveillance of apparently health animals,
and to lower its rating in column B, Presumptive diagnosis of clinically affected animals, because
of the method’s low specificity. As a consequence, the method was removed from Section 6.1.1,
Definition of suspect case in apparently healthy animals.

The revised Chapter 2.1.3, Infection with Batrachochytrium salamandrivorans, is presented in
Annex 12 for Member comments. The adoption of the revised chapter has been postponed until the
89th General Session in May 2021. As the revised chapter has already undergone extensive
consultation, Members are requested to only submit comments to address substantive issues that
have not been considered previously.

EU comment

The EU thanks the OIE and in general supports Annex 12. We have included an EU
comment.

8.2.3. Infection with infectious haematopoietic necrosis virus (Chapter 2.3.4)

Comments were received from Canada, China (People’s Rep. of), Korea (Rep. of), Thailand, the
EU and AU-IBAR.

To ensure consistency, the Aquatic Animals Commission reviewed this chapter together with
Chapter 2.3.10, Infection with viral haemorrhagic septicaemia virus, because of the similarities
between the two chapters.

The Commission agreed to extend the geographical range of infection with infectious
haematopoietic necrosis virus (IHNV) to include Africa and to add the published reference to the
chapter.

The Commission modified a proposed amendment to Section 2.3.4, Modes of transmission and life
cycle, to clearly state that there is insufficient evidence to demonstrate true vertical transmission of
IHNV, and to make the role of disinfection in preventing transmission more explicit.

A proposal to add the words ‘of the Aquatic Manual’ after ‘2.4’ in the sentence “This section draws
on information in Sections 2.2, 2.3 and 2.4 to identify populations, individuals and samples which
are most likely to be infected.” was rejected as the Sections referred to are within the chapter itself.

In Section 3.5, Preservation of samples for submission, a Member requested deletion of a reference
to Chapter 2.3.0, General information, stating that the chapter does not provide details of viral
sample preservation. The Commission noted that Section 2.2, Virological examination, of Chapter
2.3.0 describes transportation and antibiotic treatment of samples for virological examination, and
therefore concluded that retaining reference to Chapter 2.3.0 is appropriate.
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The Commission accepted the proposal to add the standard text to Section 3.6, Pooling of samples.
The Commission did not agree however, to include a sentence on the need to consider the impact of
pooling on decisions related to trade. The Commission reaffirmed that as the Aquatic Manual
principally provides diagnostic test methods, it is not the appropriate text for provisions on trade.

The Commission reviewed and amended or added some of the levels of validation given in
Table 4.1, OIE recommended diagnostic methods and their level of validation for surveillance of
healthy animals and investigation of clinically affected animals.

The revised Chapter 2.3.4, Infection with infectious haematopoietic necrosis virus, is presented in
Annex 13 for Member comments. The adoption of the revised chapter has been postponed until the
89th General Session in May 2021. As the revised chapter has already undergone extensive
consultation, Members are requested to only submit comments to address substantive issues that
have not been considered previously.

EU comment

The EU thanks the OIE and in general supports the changes contained in Annex 13. One
comment has been included in section 2.3.4.

8.2.4. Infection with viral haemorrhagic septicaemia virus (Chapter 2.3.10)

The chapter had been updated with the assistance of all three OIE Reference Laboratories for VHS.
Comments were received from Canada, China (People’s Rep. of), Korea (Rep. of), Thailand, the
EU and AU-IBAR.

To ensure consistency, the Aquatic Animals Commission reviewed this chapter together with
Chapter 2.3.4, Infection with infectious haematopoietic necrosis virus, because of the similarities
between the two chapters.

A Member proposed editing Section 2.2.1, Susceptible host species, to note susceptibility of
Clupea harengus (Atlantic herring) to genotype IVa (in addition to genotype Ib and Il1). After
reviewing the scientific information, the Commission concluded that it did not agree with the
proposal as there is incomplete evidence for susceptibility for C. harengus to the genotype 1Va of
infection with viral haemorrhagic septicaemia virus (VHSV). The Commission also informed
Members that there is no differentiation of genotypes for infection with VHSV and that C.
harengus consequently should be deleted from the table in Section 2.2.2.

The Commission did not agree to add Salvelinus fontinalis and Lota lota to Section 2.2.1, because
the request was not substantiated by published scientific information.

In response to a comment to change the common name for Paralichthys olivaceus to ‘Olive
flounder’, the Commission did not agree. While acknowledging that ‘Olive flounder’ is a more
acceptable name, the Commission wished to remind Members that the Commission uses the
common names provided for species in the FAO Terminology Database.

The Commission did not agree to delete the text in Section 2.4.4, Breeding resistant strains, as it
contains relevant and useful information.

The Commission did not agree to proposed amendments to Section 3.1, Selection of populations
and individual specimens, as the text provides useful guidance. The Section was harmonised with
the corresponding Section in Chapter 2.3.4.

Proposed deletions to paragraphs in Section 3.5.1, Samples for pathogen isolation, were not
accepted as no rationale was provided and the text was considered valuable.
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Technical comments on Section 4.4, Nucleic acid amplification, and Section 4.9.2, Indirect
fluorescent antibody test, were referred to the OIE Reference Laboratory experts.

In Section 4.4.1, Real-time RT-PCR, the Commission did not agree with a request to remove
mentioning of a commercial kit as the assay was validated using the kit. However, the Commission
did note that its preference was to not refer to commercial products unless specific mention is
warranted.

The Commission did not agree to add a statement that the test has not been validated to Section 4.7,
Real-time RT-PCR, because diagnostic performance has been partially evaluated and performance
of the test has been compared with cell culture.

The revised Chapter 2.3.10, Infection with viral haemorrhagic septicaemia virus, is presented in
Annex 14 for Member comments. The adoption of the revised chapter has been postponed until the
89th General Session in May 2021. As the revised chapter has already undergone extensive
consultation, Members are requested to only submit comments to address substantive issues that
have not been considered previously.

EU comment

The EU thanks the OIE and in general supports Annex 14. One comment has been included
in section 2.3.2.

8.3. Texts for Member comments

Members were reminded that the Aquatic Animals Commission has commenced the process of
progressively reformatting the disease-specific chapters of the Aquatic Manual into a new template. As the
reformatted and updated chapters have substantial changes, at the last meeting in September 2019, the
Commission agreed that only clean versions of the chapters would be provided in the report. Subsequent
changes made to these initial revisions following Member comment would be indicated in the usual style
(i.e. strikethrough for deletions and double underline for additions).

A software generated document that compares the adopted version of a chapter and the proposed new text
will be created. This comparison document will not be included in the Commission’s report but will be
available on request from the OIE Standards Department (standards.dept@oie.int).

8.3.1.

Infection with Gyrodactylus salaris (Chapter 2.3.3)

The Commission reviewed Chapter 2.3.3, Infection with Gyrodactylus salaris, which had been
updated with the assistance of the OIE Reference Laboratory expert and reformatted using the new
disease chapter template. The main amendments include an explanatory text on the taxonomy of
G. thymalli and G. salaris and the approach taken in the Aquatic Manual to distinguish these
species; an updated section on specimen selection, sample collection, transportation and handling;
inclusion of an eDNA method for the detection of G. salaris; and revised definitions of suspect and
confirmed cases in apparently healthy and clinically affected animals.

The revised Chapter 2.3.3, Infection with Gyrodactylus salaris, is presented in Annex 15 for
Member comments.

EU comment

The EU in general supports the revised Chapter 2.3.3 presented in Annex 15. A couple of
EU comments have been included.
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8.3.2. Infection with salmonid alphavirus (Chapter 2.3.6)

The Commission reviewed Chapter 2.3.6, Infection with salmonid alphavirus, which had been
updated by the OIE Reference Laboratory expert and reformatted using the new disease chapter
template. The main amendments include updated Sections on host factors; disease pattern; and
specimen selection, sample collection, transportation and handling; updated text on histopathology
and cytopathology; and revised definitions of suspect and confirmed cases in apparently healthy
and clinically affected animals.

The revised Chapter 2.3.6, Infection with salmonid alphavirus, is presented in Annex 16 for
Member comments.

EU comment
The EU supports the proposed changes to Chapter 2.3.6 contained in Annex 16.

8.4. Texts for Member information

8.4.1. Updating the introductory chapters for each host group: amphibians, crustaceans, fish and
molluscs (Chapters 2.1.0, 2.2.0, 2.3.0 and 2.4.0, respectively)

The Aquatic Animals Commission identified the need to update the introductory chapters on
general information for each host species. Chapter 2.3.0, General information, for fish diseases will
be the first chapter to be updated. The Commission will request the assistance of all OIE Reference
Laboratory experts for fish diseases in this revision. The experts will be asked to nominate a leader,
who would gather input from the group to ensure that the resulting text is as complete and
informative as possible. The Commission anticipates circulating a revised Chapter 2.3.0 in its
September 2020 report.

8.4.2. The use of environmental DNA methods for aquatic animal disease surveillance

The monitoring of aquatic systems using environmental DNA (eDNA) is a rapidly advancing
research field that will provide opportunities for rapid, cost-effective, non-destructive methods to
screen for pathogens, especially in wild aquatic populations where samples may be difficult or
undesirable to obtain. The Aquatic Animals Commission is aware that eDNA methods exist for
detecting pathogenic agents of several listed diseases including Xenohaliotis californiensis,
Batrachochytrium dendrobatidis, Aphanomyces astaci and Gyrodactylus salaris.

The Commission agreed that as these methods are available and currently in use, it would be
advisable for guidance to be provided on appropriate application and potential limitations. The
Commission noted that as accurate estimates of diagnostic performance are not available for
designing surveillance programmes using eDNA assays, data obtained from eDNA methods may
not be suitable to support declaration of freedom from listed diseases. The Commission also noted
that confirmation of infection by listed diseases could not be made using eDNA methods; however,
positive results could be appropriate criteria for a suspect case.

The Commission agreed to develop a guidance document to outline considerations for the
appropriate purposes of use, benefits and limitations of eDNA methods. This document is intended
to guide appropriate use of eDNA methods and will be reviewed by the Commission at its next
meeting in September 2020. The use of an eDNA method for the detection of Gyrodactylus salaris
is proposed for inclusion in the Aquatic Manual chapter for Infection with Gyrodactylus salaris
(see Annex 15 for Member comment).
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OIE AD HOC GROUPS

9.1

9.2

Electronic ad hoc Group on Tilapia lake virus

The Aquatic Animals Commission were informed that the ad hoc Group on Tilapia lake virus (TiLV) is

continuing its work to evaluate available diagnostic tests for TiLV and they will submit a final report for

the Commission’s September 2020 meeting.
Ad hoc Group on Susceptibility of mollusc species to infection with OIE listed diseases

The Commission were informed that the ad hoc Group on Susceptibility of mollusc species to infection
with OIE listed diseases met for the first time in January 2020 to start work on the application of Chapter

1.5, Criteria for listing species as susceptible to infection with a specific pathogen, to OIE listed mollusc
diseases. The ad hoc Group will meet again electronically in June 2020 to progress its work. The
Commission thanked the ad hoc Group for its work to date.

OIE REFERENCE CENTRES OR CHANGE OF EXPERT

10.1. Evaluation of applications for OIE Reference Centres for Aquatic Animal Health issues or change

of experts

The Commission recommended acceptance of the following applications for OIE Reference Laboratory
status:

OIE Reference Laboratory for Acute hepatopancreatic necrosis disease

Agquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, University
of Arizona, 1117 E Lowell St., Tucson, Arizona 85721, UNITED STATES OF AMERICA

Tel: +1-520 621 4438

Email: aguapath@cals.arizona.edu ; adhar@email.arizona.edu

Website: www.aquapath.lab.arizona.edu

Designated Reference Expert: Dr Arun Dhar

OIE Reference Laboratory for White spot syndrome virus

Aquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, University
of Arizona, 1117 E Lowell St., Tucson, Arizona 85721, UNITED STATES OF AMERICA

Tel: +1-520 621 4438

Email: aguapath@cals.arizona.edu ; adhar@email.arizona.edu

Website: www.aquapath.lab.arizona.edu
Designated Reference Expert: Dr Arun Dhar

OIE Reference Laboratory for Infectious hypodermal and haematopoietic necrosis

Aquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, University
of Arizona, 1117 E Lowell St., Tucson, Arizona 85721, UNITED STATES OF AMERICA

Tel: +1-520 621 4438

Email: aguapath@cals.arizona.edu ; adhar@email.arizona.edu

Website: www.aguapath.lab.arizona.edu

Designated Reference Expert: Dr Arun Dhar

OIE Reference Laboratory for Hepatobacter penaei (necrotising hepatopancreatitis)

Agquaculture Pathology Laboratory, School of Animal and Comparative Biomedical Sciences, University
of Arizona, 1117 E Lowell St., Tucson, Arizona 85721, UNITED STATES OF AMERICA

Tel: +1-520 621 4438

Email: Ifarangu@email.arizona.edu
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10.2.

Website: www.aquapath.lab.arizona.edu

Designated Reference Expert: Dr Luis Fernando Aranguren

Evaluation of annual reports from the OIE Reference Laboratories

Annual reports had been received from all but one OIE Reference Laboratory for diseases of aquatic
animals and all Collaborating Centres for aquatic animal issues. A letter would be sent to the laboratory

that did not submit a report reminding the expert of his obligations and asking that a report be submitted
for review at the September 2020 meeting of the Aquatic Animals Commission.
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In accordance with the adopted Procedures for designation of OIE Reference Laboratories (the SOPs)
(http://www.oie.int/en/scientific-expertise/reference-laboratories/sops/) and the Procedures for
designation of OIE Collaborating Centres http://www.oie.int/en/scientific-expertise/collaborating-
centres/sops/, the Commission reviewed all the reports received, noting in particular the performance of
each Reference Centre with regard to fulfilling the Terms of Reference (ToR) to the benefit of OIE
Members.

The Commission noted the significant contributions that had been made by Reference Laboratories
during 2019 and wished to thank designated experts for leading these valuable contributions to the OIE
mission. The Commission did, however, identify one Reference Laboratory that was not complying with
key ToR. The laboratory concerned would be requested to provide an explanation of their situation and
possible reasons for the lack of activity; the Delegate will be in copy of all correspondence.

The Aquatic Animals Commission expressed its on-going appreciation for the enthusiastic support and
expert advice given to the OIE by the Reference Centres.

10.3. Evaluation of the 5-year work plans from the OIE Collaborating Centres for Disease of Aquatic
Animals

The Aquatic Animals Commission reviewed the 5-year work plans that had been received from two of
the three Collaborating Centres. The Commission was impressed by the range of activities and their
relevance to the OIE Aquatic Animal Health Strategy. The Commission provided feedback on the use of
the work plan template to one of these Collaborating Centres. The remaining Centre would be asked to
submit a work plan for review at the next Commission meeting in September 2020.

11. OTHER ISSUES
11.1 Improvement of SOP for OIE Register of diagnostic Kits

The OIE Secretariat for the Registration of Diagnostic Kits (SRDK) provided a brief overview of its
registration procedure and described some recently introduced changes to provide clarity and transparency
about the registration procedure itself and to standardise reporting.

The SRDK has also prepared a draft revision to the SOP for OIE Registration of Diagnostic Kits, which
describes these changes, and provides expanded background information about the registration
requirements. The SOP was presented to the Commission for endorsement.

12. DATE OF NEXT MEETING

The next meeting of the Aquatic Animals Commission is scheduled for 26 August to 2 September 2020.

.../Annexes
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Annex 2

CHAPTER 4.

BIOSECURITY
FOR AQUACULTURE ESTABLISHMENTS

EU comment
The EU thanks the OIE and supports the proposed changes to this chapter.

Article 4.X.1.
Purpose

To provide recommendations on the development and implementation of biosecurity measures primarily to mitigate
the risk of the introduction of specific pathogenic agents into aquaculture establishments, and if pathogenic agents are
introduced, to mitigate the risk of further spread within, or release from, the aquaculture establishment.

Article 4.X.2.
Scope

Biosecurity principles are relevant to application of the standards in the Aquatic Code at the level of a country, zone,
compartment or aquaculture establishment as-approprate. This chapter describes recommendations on biosecurity to
be applied to aquaculture establishments, including semi-open, semi-closed and closed systems. The chapter
describes general principles of biosecurity planning, categories of aquaculture production systems, majoer
transmission-pathways-mitigation measures for transmission pathways, the-use-ef-the application of risk analysis and
approaches for biosecurity plan development. to-develop-a-biosecurity-plan,-and-the key-components-ef-aplan-

For further guidan n di revention an ntrol refer ion 4 of the A

Article 4.X.3.

Introduction

aguatlc animal gogulatlons This chapter describes blosecurlty prlnC|pIes eS|gned to mitigate the risks associated
with the |ntroduct|on of pathogenrc agents into, the spread wrthln or the release from aquaculture establlshments Fhe

Given the unique challenges posed by varied aquaculture production systems and the vast diversity of farmed aquatic
animal species, the development of biosecurity plans for aquaculture establishments requires the assessment of
disease risks posed by specific pathogenic agents and their potential transmission pathways. A biosecurity plan
describes physical and management measures to mitigate the identified risks according to the circumstances of the
aquaculture establishment. Aquaculture establishment sStaff, and service providers and aquatic animal health
professionals or veterinarians should be engaged in developing and implementing the biosecurity plan to ensure it is
practical and effective.

The outcome achieved through the implementation of biosecurity at aquaculture establishments is improved health
and welfare status of aquatic animals throughout the production cycle. The benefits may include improved market
access and increased productivity, directly through improved survival, growth rates and feed conversion and indirectly
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through the a reduction in the use in-treatments of veterinary medicinal products (including antimicrobial agents) and

associated production costs.

Article 4.X.4.
General principles

Biosecurity is a set of physical and management measures which, when used together, cumulatively reduce the risk
of infection in aquatic animal populations at within an aquaculture establishment. Planning and implementation of
biosecurity within an aquaculture establishment requires plarning-te identifying risks and eensider cost-effective cost-
effective measures to achieve the identified biosecurity objectives of the plan. The measures required will vary among
between aquaculture establishments, depending on factors such as risk likelihood of exposure to pathogenic agents,
the species of aquatic animal farmedspecies, the category of aquaculture production system, husbandry practices and
geographical location. Altheugh different Different approaches may be used to achieve an identified biosecurity
objective;;_however, the general principles for developing and implementing a biosecurity plan are consistent and are
described as-below:

21) Potential pathways for pathogenic agents to be transmitted into, spread within and released from the aquaculture
establishment must be identified, as described in Articles—42%5—and 4.X.6.,ard giving consideration to the
category of aquaculture production system and design of the aquaculture establishment.

32) Risk analysis should be undertaken to identify and evaluate bieseeurity disease threats and ensure that the plan
addresses risks appropriately and efficiently. The risk analysis may range from a simple to a complex analysis
depending on the objectives of the biosecurity plan and, the circumstances of the aquaculture establishment and
the disease risks, as described in Article 4.X.7.

43) Biosecurity measures to address identified disease risks should be evaluated based on the basis of their
potential effectiveness, initial and ongoing costs (e.g. building works, maintenance), and management
requirements, as described in Article 4.X.7.

45) Management practices should be integrated into the aquaculture establishment’s operating procedures and
asseociated relevant training are-is provided to personnel, as described in Articles 4.X.7. and 4.X.8.

(S

[ i i
glgn Exgmglg§ are provided in Aryglg X.8.

67) A routinereview schedule for routine reviews and audits of the biosecurity plan should be described. and
identified-tTriggers for ad-hee ad hoc review must be determined (e.g. outbreaks of disease, and changes to
infrastructure, production techniques, disease-outbreaks; or risk profiles). Third party audits may be required
where recognition of the biosecurity measures is required by customers, or regulators, or for market access, as
deseribed-provided in Article 4.X.8.

Article 4.X.5.
Categories of aquaculture production systems

Four different categories of aguaculture production systems;-which are defined
based on the capacity to treat water entering and exiting the system, and the level of control ef over aquatic animals
and vectors. These measures factors need to be considered in biosecurity planning.

OIE Aquatic Animal Health Standards Commission/February 2020



31

Annex 2 (contd)

Open systems

In_an open Open aquaculture production systems;-it is not possible to have ae control of the water, environmental
conditions, and animals and or vectors. These production systems may “include stock enhancement of wild
populatlons with aguatic animals originating from aquaculture establishments or from the wild. As these systems
cannot be considered ‘aquaculture establishments’, they are not considered further in this chapter. However
movements of aquatic animals from aquaculture establishments to open systems should stit be j assessed

to determine the need for disease mitigation measures.

Semi-open systems

In a semi-open aquaculture production system, it is not possible to have control over the water entering or exiting the
system, or ef over the environmental conditions. Some aquatic animals and vectors may also enter and exit the
system. Examples of semi-open aquaculture production systems are net pens for finfish %%
M in natural water bodies a

Semi-closed systems

In a semi-closed aquaculture production system, there is some control of over the water entering and exiting the
system and of gver the environmental conditions. Aquatic animals and vectors may be prevented from entering and
exiting the system; however, there is limited control to prevent the entry or exit of pathogenic agents. Examples of
semi-closed aquaculture production systems are ponds, raceways, enclosed floating pens, and flow-through tanks.

Closed systems

In a closed aquaculture production system, the there is sufficient control ef over water entering and exiting the system
ean o exclude aquatic animals, vectors and pathogenic agents. Environmental conditions can also be controlled.
Examples of closed aquaculture systems include recirculating aquaculture production systems, production systems
with a safe water supply free from pathogenic agents or aquatic animals (e.g. ground water), or those with high levels
of treatment (and redundancy) of water entering or exiting the system.

Article 4.X.5. bis

Area management

It may not be possible to control the transm|SS|0n of pathogenic agents among seml open or semi-closed aguacultur

h idemi I Ily link [tur lishmen
Article 4.X.6.
Transmission pathways; and associated-risks and mitigation measures

Pathogenic agents can move into, spread within, and be released from aquaculture establishments via various
transmission pathways. The identification of all potential transmission pathways is essential for the development of an
effective biosecurity plan. Mitigation—efpPathways that are likely to result in transmission of specific may-expose
susceptible-aquatic-animals-to-high-leads-ef pathogenic agents should be prioritised for mitigation.

The risks associated with the introduction into, spread within, and release of pathogenic agents from the aquaculture
establishment need to be considered for each of the following transmission pathways.
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Annex 2 (contd)

1.

Aquatic animals

Movement of aquatic animals into, within and from aquaculture establishments, either intentionally or
unintentionally, may usually may pose pose has a high likelihood fisk of pathogenic agent transmission. This is
particularly the case when clinically and sub-clinically infected aquatic animals, or aquatic animals with unknown
health status are moved into a susceptible population.

Aquatic animals intentionally breught introduced into, or moved within, an aquaculture establishment—ermeoved

withinit: may include broodstock, juvenile stock for on-growing, and genetic material such as eggs. Both

horizontal and vertical transmission mechanisms of pathogenic agents should be considered for aquatic animals.

The risk of transmlttlng pathogenic agents via aquatic animals should be managed;-pessible mitigation-measures
inelude the giving consideration to the following mitigation measures ean-be-managed-by:

a) Only intreducing introduce into the aquaculture establishment aquatic animals with a known health status

into-the—aquaculture—establishment-with-knewn-health-status, which is of equal or higher status than the
existing animals in the establishment.

b) Quarantining Placingintroduced If aquatlc anlmals of unknown dlsease status %&
be placed into quarantine 3
aei”tles.

c) Where appropriate, freating treat treatmentof quarantined aquatic animals to mitigate disease risks (for
example, treatment for external parasites).

d) Ensuring Ensure biosecure transport of aquatic animals that avoids exposure to pathogenic agents.

e) Only meving move aquatic animals between different populations within the establishment following
consideration of the disease risks and with a view to maintaining the highest possible health status of the
aquatic animal population.

f)  lselating Isolate aquatic animal populations that display clinical signs of disease from other populations until
the cause is known and the situation is resolved.

g) Remeving-Remove sick or dead aquatic animals from production units as soon as possible and dispesing
dispose of them in a biosecure manner in accordance with Chapter 4.7.

h) Reperting-—of Report unexplained or unusual mortalities, or suspicion of a notifiable disease in aquatic
animals to the Competent Authority in accordance with local requirements. Investigation and diagnosis of
the cause of mortality should be undertaken.

DI 055|ble totaII depo ulate the aguaculture establlshment at |ntervals for |nstance betwee
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Annex 2 (contd)

2. Aquatic animal products and aquatic animal waste

Aquatic animal products may also be brought into, moved within and or moved out of an aquaculture
establishments ermoved-within-t; for example, aquatic animal products derived from aquatic animals harvested
at other sites. Aquatic animal waste waste may include-the be generated entire-body-erparts—of when aquatic
animals that have died or been killed for disease control purposes, as or when they through killing—and
processing-of aquatic animals have been killed and processed and-theirpartsthat-are-notintended for human
consumption or_other purposes.

Movement of aquatic animal products and aquatic animal waste waste into, within ard-eut-ef or from aquaculture
establishments may pose a risk of pathogenic agent transmission. This is particularly the case when a
susceptible population is exposed to aquatic animal products and aquatlc anlmal waste waste derived from
cllnlcally or sub clinically infected aquatlc anlmals -

A - Movement of aquatic

animal waste into aquaculture establlshments should be avoided where possible. Waste should be stored
transported, disposed of and treated following the guidance in Chapter 4.7. Handling, disposal and treatment of
aguatic animal waste.

For intentional movements of aquatic animal products and aquatic animal waste waste, the likelihood of
presence of pathogenic agents in the aquatic animals from which preduets aquatic animal products and waste
are derived should be evaluated giving consideration to the species, source, and health status.

The risk of transmitting pathogenic agents via aquatlc animal products and aquatic animal waste waste should
be assessed and managed: i include the giving consideration to the followin

mitigation measures can-be-managed-by:

a) determining Determine the potential disease risk of aquatic animal products and aguatic animal waste to
aguatic animals in the establishment and the environment;

b) Manage Manage aquatic animal Qroducts and aguatlc animal waste in areas within the aguacultur

establishment that are isolated-i

mm%w from aquatlc animal populatlons to minimise

identified disease transmission risks;

c) ensuring Ensure procedures systems are implemented for appropriate collection, treatment (inactivating
pathogenic agents), transport, storage or disposal of aquatic animal products and aguatic animal waste

waste to minimise identified disease transmission risks therisks-ef-transmitting-pathogenicagents.

3.  Water

Water is an important asset that supports productivity and aquatic animal health but may present a risk of the
introduction of pathogenic agents into, spread within, and release from aquaculture establishments. The source
of the water, and how it may provides an epidemiological link between the aquaculture establishment and other
farmed or wild populations or processing plants, should be identified and considered. Exposure to transport
water and ballast water should be considered.

The risk of the aquaculture establishment being exposed to water containing pathogenic agents may be
influenced by the category of aquaculture production system, the likelihood being higher for semi-open than for
closed systems. Any water that is flowing from aquatic animals with lower or unknown health status presents a
potential risk of transmitting pathogenic agents to aquatic animals of a higher health status.

The risk of transmlttlng pathogenlc agents via water s_OJLd_bg_assgssgd,_a_d %%@
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Annex 2 (contd)

a) Where possible, ehoesing choose water sources that are entirely free of susceptible aquatic animal
populations and pathogenic agents of concern. Such water sources may include saline or fresh
groundwater, de-chlorinated municipal water, and artificial seawater. These water sources may be
particularly suitable for high health status aquatic animals such as broodstock.

b) Previding Provide an appropriate level of screening, filtration or disinfection (in accordance with Chapter
4.3.) of water from sources that are likely to contain susceptible species and which may present a risk of
pathogenic agent transmission (e.g. oceans, streams or lakes). The type and level of treatment required
will depend on the identified risks.

wild aquatic anlmals or other aguaculture establlshments with suscegtlble sgemes The tgge and level of
treatment required will depend on the identified risks.

ed) Ensuring Ensure the position of water intakes and outlets for semi-closed and closed aquaculture
establishments, and the location of semi-open aquaculture establishments, minimises contamination from

other farmed or wild populations or processing plants, taking into account factors such as distance and
water currents.

The likelih f ingr f contamin water_either_thr h fl ing from external I r_from
fective infrastrl I .0. leakin i lock rain nd wall failur houl n

appropriate management or infrastructure measures applied.

)

f)  Assess the risk and establish procedures to treat and dispose of waste water resulting from the transport of
aguatic animals.
Feed

Feed can be an important pathway for transmission of pathogenic agents to aquatic animals. Feed may be
initially infected with pathogenic agents or contaminated during harvest, transport, storage and processing of
commodities used as feed ingredients. Poor hygiene may contribute to contamination during manufacture,
transport, storage and use of feed.

In closed or semi-closed production systems there can be a high level of control on aquatic animal feeds.
However, in semi-open production systems, aquatic animals may obtain food from their environment (e.qg. filter-

feeding molluscs or predation of wild fish which-may-bepreyed-enpredated-by farmed fish in net pens).

The risk of transmitting pathogenic agents via aquatic animal feed ean should be assessed, and managed by
mitigation measures as deseribed provided in Chapter 4.8., for example using feed and feed ingredients that:

a) have undergone sufficient processing to inactivate pathogenic agents of concern;

b) are from sources that are declared free from the pathogenic agents of concern or have been confirmed
(e.g. by testing) that pathogenic agents are not present in the feed or feed ingredients cemmedity;

c) have been processed, manufactured, stored, and transported and delivered during feeding to aquatic
animals in a manner to prevent contamination by pathogenic agents.
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5. Fomites

Equipment, vehicles, packaging material, clothing, footwear, sediments, infrastructure and other fomites can
mechanically transfer pathogenic agents into, within and from an aquaculture establishment.

The level-ofrisk likelihood of transferring pathogenic agents will depend on the stability of the pathogenic agent
in_the environment, the presence and nature of organic matter on the fomite surface, as well as the type of
surface and its ability capacity to hold water. The risk likelihood of transferring pathogenic agents may be higher
for fomites which are difficult to clean and disinfect. Sharing eEquipment that-is-shared between aquaculture
establishments, between aquaculture establishments and processing facilities, or between different production
units with of unequal health status within an aquaculture establishment mth—unequal—health—status may result in

the spread of pathogenic agents - The risk
nsk w of transmrttrng pathogenlc agents via fomltes Mg%
he fo

a) Assessing_Assess the disease risk associated with any fomites brought moved into, within or from the
aquaculture establishment fortheirdisease-risk.

b) Ensuring Ensure procedures and infrastructure are in place to clean and disinfect fomites, including at
designated delivery and loading areas, prior to entry into the aguaculture establishment. Recommendations
for the cleaning and disinfection disinfection of fomites are described in Chapter 4.3.

&
c)
between aquaculture establlshments after dlsmfectlon
d) ing Apply the mitigation measures described at points a) to c¢) above to the movement of fomites

ween pr ion units within an [tur lishment with the m I rmin nan
evaluation of the risk of disease transmission disease-fisks.

6. Vectors

Vectors can transport pathogenic agents to susceptible aquatic animals in aquaculture establishments. Fhese
They include wild aquatic animals entering via the water supply, predators, wild birds, and_scavengers, pest
animals such as rodents—and-people. Vectors can also transfer pathogenic agents inte; within and from an
aquaculture establlshment i Y

The risk likelihood of transferring pathogenic agents via vectors varies with the type of vector species, the nature
of the pathogemc agent the category of aquaculture productlon system and the Ievel of biosecurity. Measures

vectors to aquaculture establishments i mal |nclude
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i)  filtering or screening of water entering and exiting semi-cl nd cl aquaculture production
systems to prevent entry of wild aquatic animals;

ii)  surrounding land-based aquaculture production systems by a fence or a wall to prevent entry of
animals and people, with a gate for controlled access;

iii surrounding floating aguaculture production systems by barriers on the establishment perimeter to
prevent contact with or entry of wild aquatic animals and other animals;

iv) covering outdoor aquaculture production systems with nets to prevent access by birds.

I~

Personnel and visitors

a A f personnel and visi [tur lishments shoul ntroll

rrlkr

i)  changing of clothes and shoes, or use of disposable-coverings (hoods, coats, shoe coverings);
i) disinfection of hands, and the use of foot baths for shee disinfection.

b) Allvisitors should be briefed and supervised to ensure compliance with the biosecurity plan.
Article 4.X.7.

Risk analysis

Risk analysis is an accepted approach for evaluating biosecurity threats and is_used to support the development of
mitigation measures. A formal risk analysis has four components: hazard identification, risk assessment, risk
management and risk communication {see-Chapter2-1-}. This article elaborates the principles in Chapter 2.1. and
applies them for the development of biosecurity plans for aguaculture establishments.

A biosecurity plan may not necessarily require a comprehensive risk analysis to evaluate disease risks linked to
transmission pathways. The chosen approach may depend on the objectives of the biosecurity plan, the level of
biosecurity that is appropriate for the specific production requirements of the aquaculture establishment, the
complexity of the threats to be addressed, and the availability of information and resources. Depending on these
circumstances, a partial analysis may be appropriate, and can build on previous experiences to identify the hazards
associated with relevant transmission pathways.

The three formal steps of the risk analysis process to underpin a the biosecurity plan are:
Step 1 — Hazard lidentification

Hazard identification determines which pathogenic agents should be the subject of the risk assessment. A hazard
may include a specific pathogenic agent or be defined in more general terms as a group of pathogenic agents. This
step includes identifying and collecting relevant information on the pathogenic agents that have a potential to cause
diseases in aquatic animal populations within an aquaculture establishment. This process must consider the aquatic
animal health status of the establishment and, for semi-open and semi-closed aquaculture production systems, the

aquatic anlmal health status of the epldemlologlcally linked enwronments Ihe—fellewng—step—;s—te4dermfy—beth—kne\m

pepuifatlen—Known and emerglng diseases which could negatwelx |mQact the farmed Qogulatlon should be |dent|f|ed,
regard| f whether th resent in th [tur lishment.
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To complete the next steps of the risk assessment, reguired information on the identified hazards is required needed
and includes: i) the frequency of occurrence, ii) the biophysical characteristics, iii) the likelihood of detection if present
and iv) the pOSSIb|e transmlssmn pathways gdescrlbed in Article 4.X.6.). Man;g of the hazards will share the same
pathways. < - 8 i oUp
pathogenic-agents:

Step 2 — Risk Aassessment

A risk assessment can be initiated once it has been identified that a bielegical hazard exists, and the required
information listed under step 1 has been gathered. The aim of the risk assessment is to establish a risk estimate,
which is the product of the likelihood and consequences of entry of a pathogenic agent entry into, spread within or
release from the aquaculture establishment.

A risk assessment can be quantitative or qualitative. Both methods require the same conceptual pathway which
identifies the necessary steps for hazard introduction, establishment and spread to be constructed. In a qualitative
assessment, introduction and establishment are estimated using descriptors of likelihood. A quantitative assessment
requires data on which to estimate likelihood. In most circumstances, the likelihood of disease transmission and
associated consequences pathways will be assessed qualitatively but within a formal risk assessment framework.
Examples of descriptors for gualitative estimates of likelihood and consequence are given in Tables 1 and 2. Table 3
illustrates how estimates of likelihood and consequence can be combined in a matrix to give an estimate of risk.

Table 1. Qualitative descriptors of likelihood

Estimate Descriptor

Remote Never-heard-of Very unlikely, but not impossible.

Unlikely May occur here, but only in rare circumstances.

Possible Clear evidence to suggest this is possible in this situation.
Likely Itis likely, but not certain, to occur here.

Certain It is certain to occur.

Table 2. Qualitative descriptors of consequences

Estimate Descriptor of consequences at level of the aguaculture establishment
Insignificant Impact not detectable or minimal. No trade impact.
Minor tmpaet Limited decreased production en-aguacuiture-establishment-productivity limited-to-some

g gg; ng gnl;g a §mgll ng;mgg of p;edueﬂen—unlts or short-term, and/or very limited and

Moderate abli productivity-due-to-increased-mortali
deereased—pe#epmanee— ecreased production (e.g. sustained increased mortality or
decreased growth rate) and/or some short-term to medium-term disruption to trade, resultin
financial loss.

Major Considerable, decreased impact-on-agquaculture-establishment production, and/or some

medium-term to long-term disruption to trade, resulting in significant financial loss—resulting-in
- | = : = .

Catastrophic Complete depepulation production loss, in-efthe-agquaculture-establishmentand possibly

barriers to resumption of production, and/or complete loss of trade, resulting in extreme
financial loss.
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Table 3. Matrix for assessing estimating risk

Consequence rating
- insignificant minor moderate major catastrophic
S % remote negligible low low low medium
= E unlikely low low medium medium high
§ g possible low medium medium high high
- likely low medium high high extreme
certain medium_low high high extreme extreme

Results-ef fRisk assessments informs which bielegieal hazards need to be addressed, which critical control points on
the transmission pathway should be targeted, and the measures which that are most likely to be effective in reducing
risk.

Table 4. Interpretation of risk estimates

Risk level Explanation and management response

estimate*

Negligible Acceptable level of risk. No action required.

Low Acceptable level of risk. On-going monitoring may be required.

Medium Unacceptable level of risk. Active-management Review and strengthen the risk miti
measures isrequired toreduce-the levelof risk.

High Unacceptable level of risk. irtervention_Identify and implement additional risk mitigation
measures %qw%ed—t&wﬂgate%h&nsk

Extreme Unacceptable level of risk. T k. Yrgentintervention-is

Likelih n nce estim re combin ing the risk matrix

(Table 3) to produce the risk estimate.

Step 3 — Risk Management

Risk management is used to determine the appropriate management response for the assessed level of risk as
described in Table 4. The risk assessment process identifies the steps within transmission pathways necessary for a
risk to be realised and thus allows the most effective mitigation measures to be determined. Many of the hazards will
share the same pathways and thus therefore mitigation measures may be effective against more than one hazard.
nformatlon on hazards and thelr athways of introduction (ste 1 should be combined W|th an assessment of rlsk

Article X.X.6. describes some possible mitigation measures relevant fer to different transmission pathways. The most
appropriate mitigation measures for a specific aquaculture establishment will depend on the-risks-hazards-identified;
the effectiveness and reliability of the mitigation measure, the category of aquaculture production system and cost.

After the implementation of the biosecurity plan, hazards should be regularly reassessed, and measures adjusted
according to any changed risk estimates.
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Article 4.X.8.

Biosecurity plan development

The purpose of a biosecurity plan is primarily to reduce the risk of introducing pathogenic agents into an aquaculture
establishment, and if pathogenic agents are introduced, to reduce the risk of further spread within or release from the
aquaculture establishment. The plan will document identified transmission pathways and the outputs of any risk
analysis performed (hazards, risk estimate and mitigation measures), and information relevant to ongoing
implementation, monitoring and review of the plan.

1. Development of a biosecurity plan

The process te of developing a biosecurity plan will vary depending on its objectives of-the-biesecurity-plan, the
level of biosecurity appropriate to the specific production system requirements, the complexity of the disease
risks to be addressed, and availability of information and resources. Consideration and documentation of the
following issues are recommended:

a)

b)

<)

d)

e)

f)

objectives, scope and regulatory requirements for the biosecurity plan;

information about the aquaculture establishment including gn ug-tg-ggtg glgn of the layout of buildings and
production units (in I i i mi l i its, if the g ocesses {0 maintain

MM M and maps showrng major movements of aquatic animals, aquatic
animal products and aquatic animal waste waste, water, feed and fomites {including-staff—equipmentand
vehieles),

the potential pathways for entry of pathogenic agents into, spread within or release from the aquaculture
establishment (refer to Article X.X.6. above);

a risk analysis, including identification of the major disease hazards to the aquaculture establishment (refer
to Article X.X.7. above);

the mitigation measures that have been determined to address identified risks;

emergency procedures in the event of a biosecurity failure M
h ~

Competent Authority;

monitoring and audit schedule;

performance evaluation;

standard operating procedures required to support all implementation of the mitigation measures described
by the biosecurity plan, emergency procedures and the training requirements of establishment personnel.
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2.

Key components of a biosecurity plan

a)

b)

c)

d)

e)

Standard operating procedures (SOPs)

SOPs describe routine management processes that must be performed to support the effectiveness of the
biosecurity plan. Each SOP should clearly describe its objectives, staff responsibilities, the procedure
(including record keeping), precautions and a review date.

Staff should be trained in the application of the SOPs including completion of forms, checklists and other
records associated with each procedure, as well as routine communication requirements.

Documentation and record keeping

The biosecurity plan describes the documentation necessary to provide evidence of compliance with the
mitigation—measudres plan. The level of detail required in the documentation depends on the outcomes of
the transmission pathway assessment.

Examples of documentation required may include: aquaculture establishment layout, movements of aquatic
animals, escapees; origin_and destination and health status of the aquatic animals introduced to the
aquaculture establishment, quarantine measures, records of visitors to the establishment, escapees,
stocking densities, feeding and growth rates, records of staff training, treatments/vaccination, water quality,

cleaning and disinfection events, morbidity and mortality (including removal and disposal of mortalities),
surveillance and laboratory records.

Emergency procedures

Procedures should be developed and, when necessary, implemented to minimise the impact of
emergencies, disease events, or unexplained mortality in aquatic animals. These procedures should
include clearly defined thresholds that help to identify an emergency incident and activate response
protocols, including reporting requirements.

Health monitoring

Health monitoring as part of the biosecurity plan involves monitoring of the health status of aquatic animals
in aquaculture establishments. Activities may include disease surveillance, routine monitoring of stock for
important health and production parameters (e.qg. by staff, an aquatic animal health professional or a

veterinarian), recording of clinical signs of disease, morbidity and mortality, and analysis of these data (e.g.
calculation of rates of morbidity and mortality and-diseases).

Routine review and auditing

The biosecurity plan should describe a systematic auditing schedule to verify implementation and
compliance with the requirements of the biosecurity plan. Routine revision of the biosecurity plan is
necessary to ensure that it continues to effectively address biosecurity risks.

The biosecurity plan should also be reviewed at least annually or in response to changes to the
aquaculture establishment operations, chan in_facili ign, changes te in husbandry approaches,
identification of a new disease risk, or the occurrence of a biosecurity incident. Biosecurity incidents, and
actions taken to remedy them, should be documented to enable SOP re-assessments of SOPs.
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CHAPTER 1.3.

DISEASES LISTED BY THE OIE

EU comment
The EU thanks the OIE and supports the proposed changes to this chapter.

[..]

Article 1.3.3.

The following diseases of crustaceans are listed by the OIE:

Acute hepatopancreatic necrosis disease

- Infection with Aphanomyces astaci (crayfish plague)

- Infection with Hepatobacter penaei (necrotising hepatopancreatitis)

— Infection with infectious hypodermal and haematopoietic necrosis virus

— Infection with infectious myonecrosis virus

- Infection with Macrobrachium rosenbergii nodavirus (white tail disease)

- infection-with shrimphaemoeyte iridescentvirus Infection with decapod iridescent virus1
- Infection with Taura syndrome virus

- Infection with white spot syndrome virus

- Infection with yellow head virus genotype 1.
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Model Article 10.X.13. for the fish disease-specific
Chapters 10.5,
10.6. and 10.10. (and Article 10.4.17. for
Chapter 10.4. Infection with infectious
salmon anaemia wvirus)

EU comment
The EU thanks the OIE and supports the proposed changes to this chapter.

[..]
Article 10.X.13.

Importation of disinfected eggs for aquaculture from a country, zone or compartment
not declared free from infection with [pathogenic agent X]

1)  When importing disinfected eggs of the species referred to in Article 10.X.2. for aquaculture, from a country,
zone or compartment not declared free from infection with [pathogenic agent X], the Competent Authority of
the importing country should assess in_accordance with Chapter 4.4. &he—nsleasseemed—m{h at least the

following:

a) the m#ee&en—m&h—pamegem&agen{—x likelihood that status—ef—the water to—be used during the
disinfection of the eggs is contaminated with [pathogenic agent X

b) the prevalence of infection with [pathogenic agent X] in broodstock (including by results from testing of

ovarian fluid and milt); and
c) the temperature and pH of the water te-be used for disinfection.

2) If the Competent Authority of the importing country concludes that the importation is acceptable, it should
request that apply the-fellowing risk mitigation measures are applied, including:

a) dlsmfectlon of the eggs prior to |mp0rt|ng, in accordance with recommendatlons in Chapter 4.4. or

b) between disinfection and importation the-impert, eggs should not come into contact with anything
which may affect their health status.

The Competent Authority should consider internal measures, such as additional renewed disinfection of the
eggs upon arrival in the importing country.

3) When importing disinfected eggs of the species referred to in Article 10.X.2. for aquaculture, from a country,
zone or compartment not declared free from infection with [pathogenic agent X], the Competent Authority of
the importing country should require that the consignment be accompanied by an international aquatic
animal health certificate issued by the Competent Authority of the exporting country certifying that the
procedures described in point 2 a) and b) of this article have been fulfilled.

[..]
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EU comment

The EU thanks the OIE and supports the proposed changes to this chapter.

Scope

[..]

Article 10.9.2.

The recommendations in this chapter apply to the following species that meet the criteria for listing as
susceptible in accordance with Chapter 1.5.:

Family Scientific name Common name
Abramis brama Bream
Avristichthys nobilis Bighead carp
Carassius auratus Goldfish
Ctenopharyngodon idella Grass carp
Cyprinus carpio Common carp (all
o varieties and subspecies)
Cyprinidae - - -
Danio rerio Zebrafish
Notemigonus .
crysoleucas Golden shiner
Pimephales promelas Fathead minnow
Rutilus kutum Caspian white fish
Rutilus rutilus Roach
Sheatfish-(also-known-as
Siluridae Silurus glanis European-erwels
catfish) Wels catfish
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CHAPTER 10.10.
INFECTION WITH VIRAL HAEMORRHAGIC
SEPTICAEMIA VIRUS

EU comment

The EU thanks the OIE and supports the proposed changes to this chapter.
[.]
Article 10.10.2.
Scope
The recommendations in this chapter apply to the following species that meet the criteria for listing as

susceptible in accordance with Chapter 1.5.:

Family Scientific name Common name
Ammodytidae Ammodytes hexapterus Pacific sand lance

Aralichthyidae

Paralichthys olivaceus

Bastard halibut

Mediterranean horse

Cyprinidae

Notropis hudsonius

Spottail shiner

Notropis atherinoides

Emerald shiner

Pimephales notatus

Genotype

NMa

NMa

rangi Trachurus mediterraneus mackerel le
Ambloplites rupestris Rock bass b

Lepomis gibbosus Pumpkinseed Mb

Atrarchi Lepomis macrochirus Bluegill JAVARLY:)

- 4 Micropterus dolomieu Smallmouth bass NMb
Micropterus salmoides Largemouth NMb

Pomoxis nigromaculatus Black crappie b

Alosa immaculata Pontic shad fe

Sardina pilchardus Pilchard

Clupea harengus Atlantic herring o

Clupeidae Clupea pallasii pallasii Pacific herring NMa
Dorosoma cepedianum American gizzard sh NMb

Sardinops sagax South American pilchard NMa

Sprattus sprattus Eur n spr b

Cyclopteridae Cyclopterus lumpus Lumpfish Md
Danio rerio Zebra fish HMa

NMb

NMb

&b

Bluntnose minnow
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Famil Scientific name Common name Genotype
Cyprinidae Pimephales promelas Fathead Minnew minnow b
Embiotocidae Cymatogaster aggregata Shiner perch NMa
Engraulidae Engraulis encrasicolus European anchovy e
Esocidae Esox Iuci.us Northern pike b
- Esox masquinongy Muskellunge b
Fundulidae Fundulus heteroclitus Mummichog Me
Gadus macrocephalus Pacific cod Ma
Gadus morhua Atlantic cod bl
Gadidae Merlangius merlangus Whiting le
Micromesistius poutassou Blue Whiting whiting o
Trisopterus esmarkii Norway pout b
Gasterosteidae Gasterosteus aculeatus | Three-spine stickleback avs
Pomatoschistus minutus Sand goby b
Ictaluridae % Brown bullhead b
Centrolabrus exoletus Rock cook wrasse w
Ctenolabrus rupestris Goldsinny wrasse w
Labri Labrus bergylta Ballan wrasse M
Labrus mixtus Cuckoo wrasse w
Symphodus melops Corkwing wrasse H
Lotidae Gaidropsarus vulgaris Three-bearded rockling e
Morone americana White Pereh perch b
Moronidae Marone chrysops Whi Wb
Morone saxatilis Striped bass Vb Ve
Mullidae Mullus barbatus Red mullet e
meri Thaleichthys pacificus Eulachon NMa
: Sander vitreus Walleye b
Percidae
[ . Perca flavescens Yellow perch b
Petromyzontidae Lampetra fluviatilis River lamprey 4
Limanda limanda Common dab b
Pleuronecti Platichthys flesus European flounder b
Pleuronectes platessus European plaice H
Rajidae Raja clavata Thornback r le
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Famil Scientific name Common name Genotype
Coregonus artedii Lake cisco b
Coregonus clupeaformis Lake whitefish b
Coregonus lavaretus Common whitefish 2
Oncorhynchus kisutch Coho salmon NMa
Oncorhynchus mykiss Rainbow trout e VD
chlr?s;?hxnrfg:jsn;i:jzhx Ralnhiow traut X coho la
- salmon hybrids =
Salmonidae 5 %h
Salmo marmoratus Marble trout a
Salmo salar Atlantic salmon bl
- N BMa
Salmo trutta Brown trout fatb
Salvelinus namaycush Lake trout atVa Vb
Thymallus thymallus raylin !
Scophthalmidae Scophthalmus maximus Turbot b1l
iaeni Aplodinotus grunniens Freshwater drum b
Scombridae Scomber japonicus Pacifi hub mackerel Ma
Soleidae Solea senegalensis Senegalese sole H
Uranoscopidae Uranoscopus scaber Atlantic stargazer e
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GLOSSARY

EU comment
The EU thanks the OIE and supports the proposed changes to the Glossary.

AQUATIC ANIMAL WASTE

means the entire carcass of an anvthing generated from aquatic animals; its that—have—dted—have—been!

AQUATIC ANIMAL PRODUCTS

means non-viable aquatic animals, par f i nimal r_manuf I ntainin
material derived from and-preducts from aquatic animals that are intended for sale or trade.

VECTOR

means any living organism, other than suscegtlble sgeues! that transports apathogenlc agent to a
Qogulatlon of suscegtlble sgeues 3 M
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Proposed amendments of the term ‘waste’ to ‘aquatic animal waste’ in the Aquatic Code

EU comment

The EU supports the proposed amendments of the term ‘waste’ to ‘aquatic animal

waste’.

Article Page Proposed change

User’s guide, C. The assessment for inclusion of aquatic animal products in these articles

Specific issues, 7), last is based on the form and presentation of the product, the expected

sentence volume of waste aquatic animal waste tissues generated by the consumer
and the likely presence of viable pathogenic agent in the waste aquatic
animal waste.

2.1.4., 2.c), last point - -waste Aquatic animal waste disposal practices

4.2.3.,2.0) i) disposal of waste aguatic animal waste;

4.3.6. 60 These conditions include a high level of disease risk (due to the
significance of the disease), high pathogen loading, potential high
volumes of infected aquatic animals and waste aquatic animal waste,
large areas requiring disinfection and large volumes of contaminated
water.

4.7.1. 71 The objective of this chapter is to provide guidance on storage, transport,
disposal and treatment of aquatic animal wastes so as to manage risks to
aquatic animal health.

4.7.2. 71 The scope of this chapter covers aquatic animal waste waste derived
from: i) routine aquaculture operations; ii) on shore processing,
irrespective of origin; iii) mass killing for disease control purposes and
iv) mass mortality (including in the wild).

4.7.3. 71 For the purpose of this chapter:

High risk waste means aquatic animal waste waste that constitutes, or is
suspected of constituting, a serious health risk to aquatic animals or
humans.

Low risk waste means aquatic animal waste waste that is not high risk
waste.

4.7.4. 71 The Competent Authority should oversee the efficient and effective

disposal of aquatic animal waste waste. [...]:

1) physical, logistical and data access by relevant personnel, in
cooperation with stakeholders, including access of the Competent
Authority to the aquatic animal waste waste;

2)  movement controls and the authority to make exemptions under
certain biosecurity conditions, for example for transport of aquatic
animal waste waste to another location for disposal;
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4.7.5. 72 Following collection, aquatic animal -waste waste should be stored for
the minimum time practical; however, where storage is necessary there
should be sufficient capacity for the expected waste-aquatic animal waste
and the Competent Authority may require additional measures.

[...]

The containers of stored aquatic animal waste waste should be leak-proof
and secured to prevent contact with aquatic animals, other animals or
birds and unauthorised personnel.

Aquatic animal —waste_waste infected by an agent causing a disease
referred to in the Aquatic Code or suspected of being so, may not be
transported without permission from the Competent Authority. [...].
Containers used for transport of aquatic animal -waste waste should be
leak-proof and labelled regarding content. [...]

4.7.6. 72 Requirement for approval
All disposal plants dealing with aquatic animal waste waste should be
approved by the Competent Authority. [...]

Conditions for approval

For a disposal plant to be approved to deal with aquatic animal waste
waste, it should:

[...]

fulfil requirements for handling the aquatic animal_waste and products
specified by the Competent Authority. [...]

Operating requirements

[...]

handling and treatment of aquatic animal waste waste should take place as
soon as possible after being received;

[...]

4.7.7. 73 Rendering
[...]

The process typically involves pre-heating to 50-60°C, followed by
cooking of the raw aquatic animal waste at 95-100°C for 15 to 20
minutes. [...]

Incineration

[...] Mobile air curtain incinerators enable the process to be carried out on
site thus removing the need to transport the aquatic animal waste.
Incinerators may only be capable of handling limited volumes of aquatic
animal waste waste.

4.7.7. 74 Ensiling
[...]

Ensiling of aquatic animal waste waste in an organic acid such as formic
acid is an effective method of inactivating most pathogenic agents within
48 hours. [...]
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4.7.7. 74 Burial
[...]
Whenever possible, the aquatic animal waste waste should be subjected to
a treatment that ensures inactivation of the pathogenic agents prior to
burial.
In selecting an acceptable burial site, consideration should be given to the
following:
[...]
Access — easy access for equipment and delivery of aquatic animal waste
waste. Fencing and restricted admittance may be necessary.
Pit construction — [...]Pit dimensions depend on the volume of the
aquatic animal waste waste to be buried and should be easy to fill.
Pit closure — contents should be covered with unslaked lime (CaO) at a
rate of 85 kg per 1,000 kg of aquatic animal waste waste to hasten
decomposition and prevent scavenging.
Pyre-burning
Pyre-burning may not be suitable for large amounts of aquatic animal
waste waste.
[...]
Access — for equipment to construct the pyre and maintain the fire, for the
delivery of fuel and aquatic animal waste.
[...] If the pyre-burning is carried out correctly, aquatic animal wastes
waste will be destroyed within 48 hours.

4.7.8. 75 1. Ensiling
Ensiling of aquatic animal-waste waste in an organic acid such as formic
acid is an effective method of inactivating most pathogenic agents within
48 hours.

5.4.2. 93 [...] The criteria for inclusion of aquatic animal products in point 1 of

Article X.X.11. (mollusc disease-specific chapters), Article X.X.12.
(amphibian, crustacean and fish disease-specific chapters) and Article
10.4.16. include consideration of the form and presentation of the product,
the expected volume of waste aquatic animal waste tissues generated by
the consumer and the likely presence of viable pathogenic agent in the

waste aquatic animal waste.
[...]

It is assumed that: (i) the aquatic animal products are used for human
consumption only; (ii) waste aquatic animal waste may not always be
handled in an appropriate manner that mitigates the introduction of the
pathogenic agent; the level of risk is related to the waste aquatic animal
waste disposal practices in each Member's country or territory; [...]
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Annex 8 (contd)

5.4.2. 93 Criteria
[...]
EITHER

2) itincludes an amount of raw waste aguatic animal waste tissues
geerated by the consumer that is unlikely to result in the introduction
and establishment of the pathogenic agent;

OR

3) the pathogenic agent is not normally found in the waste aquatic
animal waste tissues generated by the consumer.

6.5.3. 129 Entry assessment
[...]

- data on trends and occurrence of resistant microorganisms obtained
through surveillance of aquatic animals and aquatic animal products and

waste aquatic animal waste preduets.
4. Exposure assessment

[...]

disposal practices for waste aquatic animal waste and the likelihood for
human exposure to resistant microorganisms or resistance determinants

through those waste aquatic animal waste produets;
[...]
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Annex 9

Model articles for declaration of freedom

EU comment
The EU in general supports the proposed changes to this model article.

Comments are inserted in the text below.

Note: time periods in these model articles would be determined by the Aquatic Animals Commission for each
disease based on criteria that will be included in a revised Chapter 1.4. For this reason, periods are shown as [X] to
indicate that the period is to be determined for each specific disease. Where a period is shown (e.g. ‘the last [two]
years’) this indicates an intended default period that may vary depending on the circumstances of each disease.

Article X.X.4.

[Note: new article to outline general requirements for making a declaration of freedom for a country, zone or
compartment.]

Requirements for declaration of freedom from [PATHOGEN X]

A Member Country may make a self-declaration of freedom from infection with [PATHOGEN X] for the entire
country, a zone or a compartment in accordance with the provisions of Articles X.X.5. to X.X.8., as relevant. The self-
declaration must be made in accordance with other relevant requirements of the Aquatic Code including that the
Member Country:

1) complies with the provisions of Chapter 3.1. on the quality of the Aquatic Animal Health Services; and

2) uses appropriate methods of diagnosis, as recommended in the Aquatic Manual; and

3) meets all requirements of Chapter 1.4. that are relevant to the self-declaration of freedom.

Article X.X.5.
[Note: equivalent to existing Article X.X.4.]
Country free from infection with [PATHOGEN X]

If a country shares a zone with one or more other countries, it can only make a self-declaration of freedom from
infection with [PATHOGEN X] if the shared water bodies are within countries or zones declared free from infection
with [PATHOGEN X] (see Article X.X.6.).

EU comment

We believe the entity which should be mentioned at the beginning of the sentence above
should be ‘water bodies’ not ‘zone’ i.e. the sentence should read as follows:

“If a country shares a zene water body with ere-er-mere other countries, it can only make
a self-declaration of freedom from infection with [PATHOGEN X}+f when those other
countries or zones thereof, in which the shared water bodyies is located, are also are-within
countries-or-zenes declared free from infection with [PATHOGEN X] (see Article X.X.6.).”

As described in Article 1.4.X., a Member Country may make a self-declaration of freedom from infection with
[PATHOGEN X] for its entire territory if:
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1) none of the susceptible species referred to in Article X.X.2. are present and basic biosecurity conditions have
been continuously met for at least the last [two] years;

EU comment

For a self-declaration, we consider that two key requirements should be included. First,
there is a need to have documentary evidence that none of the susceptible species are
present and second, that an assessment of the likelihood of introduction of a species which
Is susceptible to the pathogen in question has been carried out, and has been assessed to be
negligible.

For this reason, we suggest the inclusion of these two requirement in bullet point 1 above
to read

“1) documentary evidence indicates that none of the susceptible species referred to in
Article X.X.2. are present, and that the likelihood of introduction has been assessed
to be negligible and basic biosecurity conditions have been continuously met for at
least the last [two] years;”

OR

1) there has been no occurrence of infection with [PATHOGEN X] for at least the last [ten] years, and:

a) the Member Country can demonstrate that conditions are conducive to the clinical expression of infection
with [PATHOGEN X], as described in the corresponding chapter of the Aquatic Manual; and

b) basic biosecurity conditions as described in Chapter 1.4. have been continuously met for at least the last
[ten] years;

EU comment

We recommend the inclusion of two extra bullet points to confirm that vaccination has not
taken place and that the disease is not present in wild animals. These two bullet points
could be as follows:

“c) vaccination against the disease in question has not been permitted;

d that the disease in question is not known to be established in wild animals of listed
species within the Member Country;”

OR

3) targeted surveillance, as described in Chapter 1.4., has been in place for at least the last [two] years without
detection of [PATHOGEN X], and:

a) basic biosecurity conditions have been continuously met from at least [one] year prior to commencement
of targeted surveillance;

OR

4) it previously made a self-declaration of freedom from infection with [PATHOGEN X] and subsequently lost its
free status due to the detection of [PATHOGEN X] but the following conditions have been met:

a) on detection of [PATHOGEN X], the affected area was declared an infected zone and a protection zone
was established; and
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b) infected populations within the infected zone have been killed and disposed of by means that minimise the
likelihood of further transmission of [PATHOGEN X], and the appropriate disinfection procedures (as
described in Chapter 4.3.) have been completed; and

EU comment

After the detection of a pathogen, we suggest including ‘cleaning’ and ‘fallowing’ as
key practices to succed with the elimination of the pathogen. Based on this, bullet
point b) above could read as follows:

“b) infected populations within the infected zone have been Killed and disposed
of by means that minimise the likelihood of further transmission of [PATHOGEN X],
and the appropriate cleaning and disinfection procedures (as described in Chapter

4.3.) have been completed, followed by fallowing for an appropriate period of time;
and”

c) previously existing basic biosecurity conditions have been reviewed and modified as necessary and have
continuously been in place since eradication of infection with [PATHOGEN X]; and

d) targeted surveillance, as described in Chapter 1.4., has been in place for i) at least the last [two] years
without detection of [PATHOGEN X] or ii) at least the last [one] year without detection of [PATHOGEN X]
if affected farms were not epidemiologically connected to wild populations of susceptible species.

EU comment

We believe that a new bullet point between c¢) and d) above should mention
‘restocking’ and stating that it has to be done from an approved pathogen free source.

In the meantime, part or all of the country, apart from the infected and protection zones, may be declared a free
zone provided that such a part meets the conditions in point 2 of Article X.X.6.

Eu comment

We believe that a free zone should be geographically defined. The above paragraph
could reflect this to read:

In the meantime, part or all of the country, apart from the infected and protection
zones, may be declared a free zone provided that such a part is geographically defined
and meets the conditions in point 2 of Article X.X.6.

Article X.X.6.

[Note: new article for zone freedom modified from existing Article X.X.5.]

Zone free from infection with [PATHOGEN X]

If a zone extends over the territory of more than one country, it can only be declared a zone free from infection with
[PATHOGEN X] if all of the relevant Competent Authorities confirm that all relevant conditions have been met.

As described in Article 1.4.X., a Member Country may make a self-declaration of freedom from infection with
[PATHOGEN X] for a zone within its territory if:

none of the susceptible species referred to in Article 10.6.2. are present and basic biosecurity conditions have
been continuously met for at least the last [two] years;

EU comment
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As per our comment above in Article X.X.5 bullet point 1) we suggest including also here
the need for documentary evidence and the assessment of the likelihood of introduction of
a species which is susceptible to the pathogen:

For these reasons, we suggest the inclusion of these two requirement in bullet point 1
above to read

“1)  documentary evidence indicates that none of the susceptible species referred to in
Article 10.6.2. are present and that the likelihood of introduction has been assessed
to be negligible and basic biosecurity conditions have been continuously met for at
least the last [two] years;”

OR
1) there has been no occurrence of infection with [PATHOGEN X] for at least the last [ten] years, and;

a) the Member Country can demonstrate that conditions are conducive to the clinical expression of infection
with [PATHOGEN X], as described in the corresponding chapter of the Aquatic Manual; and

b) basic biosecurity conditions as described in Chapter 1.4. have been continuously met for the zone for at
least the last [ten] years;

EU comment

Again, as per article X.X.5, we recommend the inclusion of two extra bullet points to
confirm that vaccination has not taken place and that the disease is not present in wild
animals. These two bullet points could be as follows:

“c) vaccination against the disease in question has not been permitted;

d that the disease in question is not known to be established in wild animals of listed
species within the Member Country;”

OR

3) targeted surveillance, as described in Chapter 1.4., has been in place in the zone for at least the last [two]
years without detection of [PATHOGEN X], and:

a) basic biosecurity conditions have been continuously met for at least [one] year prior to commencement of
targeted surveillance;

OR

4) it previously made a self-declaration of freedom for a zone from infection with [PATHOGEN X] and
subsequently lost its free status due to the detection of [PATHOGEN X] in the zone but the following conditions
have been met:

a) on detection of [PATHOGEN X], the affected area was declared an infected zone and a protection zone
was established; and

b) infected populations within the infected zone have been killed and disposed of by means that minimise the
likelihood of further transmission of [PATHOGEN X], and the appropriate disinfection procedures (as
described in Chapter 4.3.) have been completed; and

EU comment

Similarly to our comments above in article X.X5, after the detection of a pathogen, we
suggest including ‘cleaning’ and ‘fallowing’ as key practices which are necessary to
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succeed with the elimination of the pathogen. Based on this, bullet point b) above
could read as follows:

“b) infected populations within the infected zone have been Killed and disposed
of by means that minimise the likelihood of further transmission of [PATHOGEN X],
and the appropriate cleaning and disinfection procedures (as described in Chapter

4.3.) have been completed, followed by fallowing for an appropriate period of time;
and”

c) previously existing basic biosecurity conditions have been reviewed and modified as necessary and have
continuously been in place since eradication of infection with [PATHOGEN X]; and

d) targeted surveillance, as described in Chapter 1.4., has been in place for at least the last [two] years
without detection of [PATHOGEN X].

EU comment

As per our comment in article X.X.5, we believe that a new bullet point between c) and
d) above should include mention of ‘restocking’ and stating that it has to be done from
an approved free source.

Article X.X.7.

[Note: new article dedicated to compartments]

Compartment free from infection with [PATHOGEN X]

As described in Article 1.4.X., a Member Country may make a self-declaration of freedom from infection with
[PATHOGEN X] for a compartment within its territory if:

1

OR

2)

targeted surveillance, as described in Chapter 1.4., has been in place in the compartment for at least the last
[two] years without detection of [PATHOGEN X], and:

a) basic biosecurity conditions have been continuously met for at least [one] year prior to commencement of
targeted surveillance;

it previously made a self-declaration of freedom for a compartment from infection with [PATHOGEN X] and
subsequently lost its free status due to the detection of [PATHOGEN X] in the zone but the following conditions
have been met:

a) all aquatic animals within the compartment have been killed and disposed of by means that minimise the
likelihood of further transmission of [PATHOGEN X], the appropriate disinfection procedures (as
described in Chapter 4.3.) have been completed, and the compartment has been fallowed for at least [X]
weeks; and

EU comment

Similarly to our comments above in article X.X.5, after the detection of a pathogen and
losing the status, we suggest including ‘cleaning’ as a key practice to succeed with the
elimination of the pathogen. Based on this, bullet point b) above could read as follows:

‘Ca)

all aquatic animals within the compartment have been killed and disposed of by

means that minimise the likelihood of further transmission of [PATHOGEN X], the
appropriate cleaning and disinfection procedures (as described in Chapter 4.3.) have been
completed, and the compartment has been fallowed for at least [X] weeks; and”
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b) previously existing basic biosecurity conditions, including the biosecurity plan, have been reviewed and
modified as necessary and have continuously been in place from the time of restocking with animals from
an approved pathogen free source in accordance with the requirements of Articles X.X.9. [note: existing
Article X.X.7.] and X.X.10 as appropriate; and

c) targeted surveillance, as described in Chapter 1.4., has been in place for at least the last [one] year
without detection of [PATHOGEN X].

Article X.X.8.

[Note: modified from current Article X.X.6.]

Maintenance of free status

A country or zone that is declared free from infection with [PATHOGEN X] following the provisions of point 1 of
Articles X.X.5. or X.X.6. (as relevant) may maintain its status as free from infection with [PATHOGEN X] provided
that basic biosecurity conditions are continuously maintained.

A country or zone that is declared free from infection with [PATHOGEN X] following the provisions of point 2 of
Articles X.X.5. or X.X.6. (as relevant) may discontinue targeted surveillance and maintain its free status provided that
conditions are conducive to clinical expression of infection with [PATHOGEN X], as described in the corresponding
chapter of the Aquatic Manual, and basic biosecurity conditions are continuously maintained.

EU comment

The paragraph above and below seems to contradict each other in relation to the level of
surveillance which is required to maintain disease freedom for zones.

The paragraph above indicates that when a zone is declared free, targeted surveillance in
the zone may be discontinued under certain conditions. However, a zone may be in an area
with an unknown of infected status.

On the other hand, the paragraph below states that a zone within a country not declared
free, should continue with targeted surveillance.

We believe that to avoid this conflicting situation, the paragraph above should not refer to
zones and read:

“A country erzene that is declared free from infection with [PATHOGEN X] following the
provisions of point 2 of Articles X.X.5. or X.X.6. (as relevant) may discontinue targeted
surveillance and maintain its free status provided that conditions are conducive to clinical
expression of infection with [PATHOGEN X], as described in the corresponding chapter
of the Aquatic Manual, and basic biosecurity conditions are continuously maintained.”

For declared free zones or compartments within the territory of a country not declared free, targeted surveillance
should be continued at a level determined by the Aquatic Animal Health Service on the basis of the likelihood of
infection.

In all cases where conditions are not conducive to clinical expression of infection with [PATHOGEN X], ongoing
targeted surveillance, as described in Chapter 1.4., is required at a level that maintains the level of confidence in
freedom from infection with [PATHOGEN X] that was required for the initial declaration of freedom.
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Annex 10

ASSESSMENT OF INFECTION WITH DECAPOD IRIDESCENT VIRUS 1 (DIV1)
FOR LISTING IN CHAPTER 1.3. OF THE
AQUATIC ANIMAL HEALTH CODE

EU comment
The EU thanks the OIE and supports the revised assessment of infection with DIV1.

Overall Assessment

The OIE Aquatic Animal Health Standards Commission (the Commission) assessed infection with decapod
iridescent virus 1 (DIV1) against the criteria for listing aquatic animal diseases in Article 1.2.2. of the Aquatic Code
and agreed that infection with (DIV1) meets the OIE criteria for listing, notably 1.: International spread of the
disease is likely; 2.: At least one country may demonstrate country or zone freedom from the disease; 3.: A precise
case definition is available and a reliable means of detection and diagnosis exists, and 4b.: The disease has been
shown to affect the health of cultured aquatic animals at the level of a country or a zone resulting in significant
consequences e.g. production losses, morbidity or mortality at a zone or country level (see Table 1 below).

Table 1. Summary of assessment of infection with (DIV1)

Listing criteria Conclusion
1 2 3 4a 4b 4¢

Infection with DIV1 The disease meets the criteria for
+ + + NA |+ - listing

NA = not applicable.

Background

A novel member of family Iridoviridae, named as decapod iridescent virus 1 (DIV1) (ICTV, 2019), with a double-
stranded DNA genome of about 166K bp (Li et al., 2017; Qiu et al., 2017b), has been identified as the cause of
mass mortalities in shrimp, prawn and crayfish production (Xu et al., 2016; Qiu et al., 2017a; Qiu et al., 2019a).
Shrimp-Infection with DIV1 has so far been detected in red claw crayfish (Cherax quadricarinatus) (Xu et al.,
2016), white-leg shrimp (Penaeus vannamei) (Qiu et al., 2017), giant freshwater prawn (Macrobrachium
rosenbergii) (Qiu et al., 2019a), red swamp crayfish (Procambarus clarkia) (Qiu et al., 2019a), oriental river prawn
(Macrobrachium nipponense) (Qiu et al., 2019a) and ridgetail white prawn (Exopalaemon carinicauda). Two
species of crab, Chinese mitten erap crab (Eriocheir sinensis) and striped shore crab (Pachygrapsus crassipes) have
been shown to become infected with DIV1 in experimental challenge through unnatural pathways (Pan et al.,
2017). The Commission has recognised the potential significance of infection with DIV1 to many countries given
the worldwide importance of crustacean farming and trade. At the moment, infection with DIV1 is considered an
“emerging disease” and, as such, should be reported in accordance with Article 1.1.4. of the Aquatic Code.

Criteria for listing an aquatic animal disease (Article 1.2.2.)

Criterion No. 1. International spread of the pathogenic agent (via aquatic animals, aquatic animal products,
vectors or fomites) is likely.

Assessment

The virus has been detected by PCR or nested PCR method in white-leg shrimp (P. vannamei), giant freshwater
prawn (M. rosenbergii), red swamp crayfish (P. elarkia clarkii), oriental river prawn (M. nipponense) and ridgetail
white prawn (E. carinicauda) in farms in China (People’s Rep. of) (Xu et al., 2016; Qiu et al., 2017a; Qiu et al.,

2018b; Qiu et al., 2019b). Historically, P. vannamei and other susceptible crustacean species have been traded
mternatlonally as broodstock and postlarvae for production in new geographic reglons—and—P—vannamea—p;edHets

. Thus, the-petential-of pathways for transmission are present and international spread is
likely. Histopathology, V|suaI|zat|on under TEM and in-situ hybridisation provide evidence that the virus can be
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found in haematopoietic tissue, gills, hepatopancreas, periopods and muscle (Qiu et al., 2017a). Quantitative PCR
detection in experimentally infected shrimp showed that haemolymph and haemopoietic tissues had the highest
DIV1 load and muscle tissues had the lowest load (Qiu et al., 2018a; Qiu et al., 2019a).
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Conclusion
The criterion is met.

AND

Criterion No. 2. At least one country may demonstrate country or zone freedom from the disease in
susceptible aquatic animals.

Assessment

Currently, infection with DIV1 has only been detected in China (People’s Rep. of) but the geographic distribution
of the virus may be wider than-what-has-been—+eperted if mortality events have not been investigated. However,
because of the broad distribution of P. vannamei, M. rosenbergii, and other susceptible species to infection with
DIV1, as well as extensive trade in these species, and likely expression of clinical disease and mortality, it is
expected that the disease would have been reported elsewhere if the virus had spread widely.

In addition, the disease has been listed as a notifiable disease by the Network of Aquaculture Centres in Asia-
Pacific (NACA) in its ‘Quarterly Aquatic Animal Disease report’ (Asia and Pacific Region) since January 2019. It
is likely, therefore, likely that the-disease at least one country may be able to demonstrate country or zone freedom
from the disease in susceptible aquatic animals.

Conclusion

The criterion is met.
AND
Criterion No. 3. A precise case definition is available, and a reliable means of detection and diagnosis exists.

Assessment

Infected P. vannamei exhibit empty stomach and guts in all diseased shrimp, slight loss of colour on the surface and
in the area of the hepatopancreas, and soft shell. In some individuals slight reddening of the body is observed.
Moribund shrimp lose their swimming ability and sink to the bottom of the pond (Qiu et al., 2017a). Diseased
M. rosenbergii exhibit a white triangle inside the carapace at the base of rostrum which is the location of
hematopoietic tissue (Qiu et al., 2019a).

To date, a nested PCR method (Qiu et al., 2017a), a TagMan probe based real-time PCR (TagMan gPCR) method
(Qiu et al., 2018a), and an in situ hybridization method (Qiu et al., 2017a) and an in situ DIG-labeling-loop-
mediated DNA amplification (ISDL) method (Chen et al., 2019) have been published and are available for DIV1
detection. The PCR primers and TagMan probe have been shown to be specific for DIV1 (no cross-reaction with
other shrimp pathogens), with a low detection limit (4 copies per reaction) and high sensitivity and specificity
(95.3% and 99.2%, respectively). Validation of the nested PCR method and TagMan probe based real-time PCR
method has occurred.

It can be concluded that &) reliable means of detection and diagnosis is are available, and b)a precise case definition
can be developed based on clinical signs and €)the use-efthe available diagnostic testsean-be-developed.

Conclusion:

Criterion is met.
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AND

Criterion No. 4. a. Natural transmission to humans has been proven, and human infection is associated with
severe consequences.

Assessment:

No available data to assess.

Conclusion

Criterion not applicable.
OR

Criterion No. 4.b. The disease has been shown to affect the health of cultured aquatic animals at the level of a
country or a zone resulting in significant consequences e.g. production losses, morbidity or mortality at a zone or
country level.

Assessment

High mortality (>80%) have has been observed in affected P. vannamei and M. rosenbergii populations in farms in
China (People’s Rep. of) (Qiu et al., 2017a; Qiu et al., 2019a). Experimental infection trials mimicking the natural
infection pathway (per os and-reverse-garvage) in P. vannamei has have shown 100% cumulative mortality within 2
weeks (Qiu et al., 2017a). Injection challenges in P. vannamei, C. quadricarinatus, and P. clarkii also exhibited
resulted in 100% cumulative mortalities (Xu et al., 2016; Qiu et al., 2017a). Since 2014, some disease events with
massive losses of P. vannamei and M. rosenbergii in coastal provinces of China (People’s Rep. of) have been
associated with infection with DIV1 (Qiu et al., 2017a). Targeted surveillance in China in 2017 and 2018 revealed
that-detected DIV1 has-been-detected in 11 of 16 provinces (Qiu et al., 2018b; Qiu et al., 2019b). Losses are
significant at a country level.

Conclusion

Criterion is met.

OR

Criterion No. 4.c. The disease has been shown to, or scientific evidence indicates that it would affect the health
of wild aquatic animals resulting in significant consequences e.g. morbidity or mortality at a population level,
reduced productivity or ecological impacts.

Assessment

Infection with DIV1 has been shown to have a significant effect on the health of cultured shrimp; or crayfish;-er
lobsters—resulting in significant consequences including morbidity and mortality. It is possible that the disease
would affect wild aquatic animals; however, there are no available data to demonstrate impact (e.g. morbidity or
mortality) of the disease on wild aquatic animals at a population level.

Conclusion

Criterion is not met.
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CHAPTER 2.3.9.

INFECTION WITH SPRING
VIRAEMIA OF CARP VIRUS

EU comment
The EU thanks the OIE and in general supports the proposed changes to this chapter.
One comment is inserted in the text below.

1. Scope

Infection with spring viraemia of carp virus means infection with the pathogenic agent Carp sprivivirus (commonly
known as spring viraemia of carp virus [SVCV]), of the Genus Sprivivirus and the Family Rhabdoviridae.

2.Disease information
2.1. Agent factors
2.1.1.Aetiological agent

The virus genome is a hon-segmented, negative-sense, single strand of RNA. The genome contains 11,019
nucleotides encoding five proteins in the following order: a nucleoprotein (N), a phosphoprotein (P), a matrix
protein (M), a glycoprotein (G) and an RNA-dependent, RNA polymerase (L). The genome does not contain
a non-virion (NV) gene between the G and L genes as is found in fish rhabdoviruses of the genus
Novirhabdovirus (Ahne et al., 2002). The type strain of SVCV is available from the American Type Culture
Collection (ATCC VR-1390). Two complete genome sequences of the type strain have been submitted to
Genbank (Genbank accession U18101 by Bjorklund et al. [1996] and Genbank accession AJ318079 by
Hoffmann et al. [2002]). The complete genome sequence of isolates from China (People’s Rep. of) has also
been deposited in Genbank (Genbank accession DQ097384 by Teng et al. [2007] and Genbank accession
EU177782 by Zhang et al. [2009]).

Stone et al. (2003) used sequence analysis of a 550 nucleotide region of the G-gene to compare 36 isolates
from different fish species and geographical locations that were previously identified by serology as SVCV
or pike fry rhabdovirus (PFRV)-by-serelegy. The analysis showed that the isolates could be separated into
four distinct genogroups and that all of the SVCV isolates could be assigned to genogroup |, sharing <61%
nucleotide identity with viruses in the other three genogroups. Re-analysis of the sequence data generated
for viruses assigned to Genogroup | identified four subgroups (la—d). Those viruses originating in Asia were
assigned to Subgroup la, those from Moldova, the Ukraine and Russia to Subgroups Ib and Ic, and those
from the UK to Subgroup Id.

2.1.2.Survival and stability in processed or stored samples

There are limited published data on the stability of the pathogen in host tissues. There is also limited
information on the stability of the virus in the tissues after death of a diseased animal. Detection of SVCV in
the tissues of recently dead animals by either beth reverse-transeription—polymerase-chainreaction(RT-
PCRY) or and-culture may be possible-sheuld-not-beruled-out, and therefore, dead fish as-well-as-moribund
sheuld-may be taken for analysis if moribund fish are not available.

The virus can be stored for several months when frozen in medium containing 2-5% serum. The virus is
most stable at lower temperatures, with little loss of titre fer-when stored for 1 month at —20°C, or for
6 months at —30 or —74°C (Ahne, 1976; de Kinkelin & Le Berre, 1974). The virus is stable over four freeze
(=30°C)-thaw cycles in medium containing 2% serum (de Kinkelin & Le Berre, 1974).

2.1.3.Survival and stability outside the host
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The virus has-been-shewn-te-can remain viable outside the host for 5 weeks in river water at 10°C and for
more than 6 weeks in pond mud at 4°C, reducing to 4 days in pond mud at 10°C (Ahne, 1976).

For inactiva

tion methods, see Section 2.4.5.

Host factors

2.2.1.Susceptible host species

Species that fulfil the criteria for listing as susceptible to infection with SVCV according to Chapter 1.5. of

the Aquatlc Anlmal Health Code (Aquatlc Code) are: all—vanenesrand—subspeetesref—eemmeneapp—(-eypnnas

Family Scientific name Common name
Abramis brama Bream
Aristichthys nobilis Bighead carp
Carassius auratus Goldfish
Ctenopharyngodon idella Grass carp
- Cyprinus carpio Common carp (all varieties and subspecies)
Cyprinidae Danio rerio Zebrafish
Notemigonus crysoleucas Golden shiner
Pimephales promelas Fathead minnow
Rutilus kutum Caspian white fish
Rutilus rutilus Roach
Siluridae Silurus glanis Wels catfish

2.2.2.Species with incomplete evidence for susceptibility

Species for which there is incomplete evidence for susceptibility according to Chapter 1.5. of the Aquatic
Code are: Crucian carp (Carassius carassius), pike (Esox lucius), firebelly newt (Cynops orlentalls) silver
carp (Hypophthalmichthys molitrix), and yellow perch (Perca flavescens) .

- = ;
" : : = vl II
In addition, pathogen-specific positive polymerase chain reaction (PCR) results have been reported in the
followi nism n active infection has n n demonstr :
Family Scientific name Common name
Catostomidae Catostomus commersonii White sucker
Cichlidae Oreochromis niloticus Nile tilapia
Notropis atherinoides Emerald shiner
Cvorinidae Cirrhinus mri_qala Mrigal carp
=yprinidae Labeo rohita Rohu
Tinca tinca Tench
Penaeidae Litopenaeus vannamei Pacific white shrimp
Oncorhynchus tshawytscha Chinook salmon
. Oncorhynchus nerka Sockeye salmon
Salmonidae Oncorhynchus mykiss Rainbow trout
Oncorhynchus mykiss Steelhead trout
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2.2.3.Non-susceptible species

Species that have been found non-susceptible to infection with SVCV according to Chapter 1.5. of the

Aquatic Code are: Largemouth bass (Micropterus salmoides), Muskellunge (Esox masguinon and

Walleye (Sander vitreus).

- Scientin ;
o - I
Percidae Sandervitreus Walleye

2.2.4.Likelihood of infection by species, host 1life stage, population
or sub-populations

Common carp varieties are the principal hosts for SVCV and are considered to be most likely suseeptible-to
be infected-infection with SVCV followed—in-orderof susceptibility; by other carp species (including hybrids),
other susceptlble cyprinid spemes and flnally suseeptlble—non cyprlnld fISh spemes When—samplmg—d&nng

Generally, young fish up to one-year old are most suseeptible—to-likely to demonstrate clinical signs of
disease, but all age groups can be affected. Moreover, there is a high variability in the degree of
susceptibility to infection with SVCV among individuals of the same fish species. Apart from the
physiological state of the fish, the role of which is poorly understood, age or the age-related status of innate
immunity appears to be extremely important to the manifestation of clinical disease: the younger the fish;
the-higherthe-susceptibility are more likely to show signs of overt disease—although-even-adult-broodfish
can-be-susceptible-to-infection.

Fish that have separated from the shoal and found at the water inlet or sides of a pond are more likely to be
infected.

2.2.5.Distribution of the pathogen in the host

: —SVCV appears to enter via the gills and then spreads
to the kidney, liver, heart, spleen and alimentary tract. During disease outbreaks high titres of virus occur in
the liver and kidney of infected fish, but much lower titres occur in the spleen, gills and brain (Dixon, 2008).

The virus has been detected in ovarian fluid (Bekesi & Csontos, 1985)—but-vertical-transmission-has-yetto
be-demeonstrated.

2.2.6.Aquatic _animal reservoirs of infection

Liu et al. (2004) isolated SVCV in China (People’s Rep. of) from common and koi carp exhibiting no
external or internal signs of disease, and similarly, the virus was isolated from apparently healthy wild carp

in Canada (Garver et al., 2007). Thus fish surviving infection with SVCV may act as reservoirs of infection.

2.2.7.Vectors

The parasitic invertebrates Argulus foliaceus (Crustacea, Branchiura) and Piscicola geometra (Annelida,
Hirudinea) have been demonstrated to transfer SVCV from diseased to healthy fish under experimental
conditions and the virus has been isolated from A. foliaceus removed from infected carp (Ahne et al., 2002;
Dixon, 2008). It has been demonstrated experimentally that virus can be isolated from fish tissues
regurgitated by herons (Ardea cinerea) 120 minutes after being fed with SVCV-infected carp, suggesting a
potential route for SVCV transmission, but is not known whether such transmission has occurred in nature
(Peters & Neukirch, 1986).
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2.3. Disease pattern

2.3.1.Mortality, morbidity and prevalence

A noticeable increase in mortality will occur in the population during an outbreak of infection with SVCV
; L ‘conblo i : i gl on fecti ; . .
oedema-virds-can-increase-levels-of mortality—Disease patterns are influenced by water temperature, age

and condition of the fish, population density and stress factors. The immune status of the fish is also an
important factor with both nonspecific (e.g. interferon) and specific immunity (serum antibodies, cellular
immunity) having important roles. Poor physiological condition of over-wintered fish may be a contributory
factor to the onset of clinical disease in infected animals-suseeptibility. In European aquaculture, losses can
be up to 70% in young carp (Ahne et al., 2002), but are usually from 1 to 40%.

In one survey from Serbia, the virus was isolated by culture in samples collected from 12 of the
38 hatcheries screened over the 10-year period (1992-2002) (Svetlana et al., 2004). The virus occurred
sporadically in different ponds on one site, and sporadically from year to year at different sites (Svetlana et
, 2004). In another study, 18 of 30 tissue pools (five fish/pool) of wild, clinically health, common carp
sampled in Canada in 2006 were posrtlve for SVCV by culture (Garver et aI 2007) Fhe-isclation-of-SVCV
A A with-This observation suggests

that SVCV |nfect|on may eanelten be cllnlcally mapparent (Frjan, 1999).
2.3.2.Clinical signs, including behavioural changes

Fish can become lethargic, separate from the shoal and gather at the water inlet or sides of a pond and
some may experience loss of equilibrium. Clinical signs of infection with SVCV are nonspecific and not all
fish will exhibit all of the signs. Two of the most obvious and consistent features are abdominal distension
and haemorrhages, which —The-latter may be pale and occur on the skin, fin bases, eyes and gills—which
may-bepale. The skin may darken and exophthalmla is often observed. The vent may be swollen mflamed
and trall mu00|d casts.

cases Wlth a sudden onset of mortallty

2.3.3 Gross pathology

There are no pathognomonic gross lesions. Lesions may be absent in cases of sudden mortality. Gross
pathologies are mainly documented for common carp and may include excess ascitic fluid in the abdominal
cavity, usually containing blood, degeneration of the gill lamellae and inflammation of the intestine, which
contains mucous instead of food. Oedema and haemorrhage of the visceral organs is commonly observed
(the spleen is often enlarged), and organs adhere to each other and to the peritoneum. Focal
haemorrhages may be seen in the muscle and fat tissue, as well as in the swim bladder (see Dixon, 2008).
However, petechial haemorrhages are infrequent uneemmeon-in cases caused by Asian strains of SVCV
(Dikkeboom et al., 2004).

2.3.4.Modes of transmission and life cycle

The transmission of SVCV is horizontal (Fijan, 1988). Horizontal transmission m ir rvi
fomites or vectors (Section 2.2.7.) (Fijan, 1988). The virus appears to enter the host via the gills. A viraemia

follows and the virus rapidly spreads to the liver, kidney, spleen and alimentary tract. The virus can be
detected in faeces and is also shed into the water via faeces and urine (Ahne, 1982).

Vertical er-and ‘egg-associated’ transmission cannot be ruled out following one report of isolation of SVCV
from carp ovarian fluid, although there have been no further reports (Bekesi & Csontos, 1985).

Once SVCV is establlshed in populatrons it may be very dlffrcult to eradicate Wlthout destroylng aII
susceptible species and vectors-types-of-life-at-the-site.
2.3.5.Environmental and management factors

Disease outbreaks in carp generally occur between 11 and 17°C. They rarely occur below 10°C, and
mortalities, particularly in older fish, decline as the temperature exceeds 22°C (Fijan, 1988). However, the
virus was isolated from apparently healthy fish from a lake in Canada that had been sampled over a 13-day
period during which the water temperature varied between 24.2°C and 27.3°C (Garver et al, 2007). These
fish may have been more susceptible to infection as they were penned and detection was during spawning.
Secondary and concomitant bacterial ard/or parasitic infections can affect the mortality rate and display-the
appearance of clinical signs. In carp, the disease is often observed during #-springtime (hence the common
name for the disease), particularly in countries having cold winters. It is believed that the poor condition of
the over-wintered fish may be a contributory factor in thedisease occurrence of clinical disease. Clinical Fhe
disease can occur in fish in quarantine following the stress of transportation, even though there has been no
evidence of infection prior to transportation.
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2.3.6.Geographical distribution

For a long time, the geographical range of SVCVY was limited to countries of the European continent that
experience low water temperatures durrng wrnter Genseqeently—The drsease has been recorded from most

and—the—feﬂemng—leeatrens)—However |n 1998 the dlsease was recorded in South Amerlca (rn—geldﬂsh—rn—a
Iakeurn—Brazrl}Ld in 2002 |n the—USA—NQrth Amerlga and—m—zggém—canada— The virus was first detected in

For recent information on distribution at the country level consult the WAHIS interface
https://www.oie.int/wahis 2/public/wahid.php/Wahidhome/Home/index/newlang/en).

Biosecurity and disease control strategies

2.4.1.Vaccination

A safe and effective vaccine is not currently available; however, a-number-the efficacy of an experimental
DNA vaccine h n_investi i

inactivated-preparations;-live-attenuated-vaceines—and-BDNA-vaccines
have-given-encouragingresults(Bixen—2008—-(Emmenegger & Kurath, 2008). Fhe—use-of-liveattenuated
\Wﬂl i j j j 9 Ila‘llee.

2.4.2.Chemotherapy including blocking agents

Methisoprinol inhibits the replication of SVCV in vitro, but has not been tested under carp culture conditions
iwicki L., 2002).

2.4.3.Immunostimulation

Injection into carp of single-stranded and double-stranded RNA (which is an interferon inducer) protected
carp for longer than 3 weeks, but the treatment is not effective by bath administration (Alikin et al., 1996).

2.4.4 .Breeding resistant strains

The “Krasnodar” strain of common carp has been bred for increased resistance to SVCV (Kirpichnikov et
al., 1993).

2.4.5.Inactivation methods

The virus is inactivated at 56°C for 30 minutes, at pH 12 for 10 minutes and pH 3 for 2 hours (Ahne, 1986).
Oxidising agents, sodium dodecyl sulphate, non-ionic detergents and lipid solvents are all effective for
inactivation of SVCV. The following disinfectants are alse—eﬁeetwe—ter inactivate_the virusien: 3% formalin
for 5 minutes, 2% sodium hydroxide for 10 minutes, 540 mg litre™ chlorine for 20 minutes, 200-250 ppm
(parts per million) iodine compounds for 30 minutes, 100 ppm benzalkonium chloride for 20 minutes, 350
ppm alkyltoluene for 20 minutes, 100 ppm chlorhexidine gluconate for 20 minutes and 200 ppm cresol for
20 minutes (Ahne, 1982; Ahne & Held, 1980; Kiryu et al., 2007).

2.4.6.Disinfection of eggs and larvae

Eggs can be disinfected by iodophor treatment (Ahne & Held, 1980).
2.4.7.General husbandry

Methods to control ef-infection with SVCV rely relies-on avoiding exposure to the virus coupled with good
hygiene practices. This is feasible on small farms supplied by spring or borehole water and a secure system

to prevent fish enterlng the farm via the dlscharge water. #tygene—measures—sheutd—meh&de—drsm#eeﬂen—e#

handhnge#ﬁsh—m—a\@d—suessﬂand—saieeﬁpe&%eﬁdead—ﬁsh—Reducrng fISh stocklng densrty durlng wrnter

and early spring will reduce the spread of the virus. In rearing facilities with a controlled environment,
elevation of water temperature above 19-20°C may stop or prevent outbreaks of infection with SVCV.
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3.Specimen selection, sample collection, transportation and handling

This Section draws on information in Sections 2.2., 2.3. and 2.4. to identify populations, individuals and samples
which are most likely to be infected.

3.1. Selection of populations and individual specimens

linical in ions shoul rri rin riod when the water temperature i n11°
17°C. All production units (ponds, tanks, net-cages, etc.) should be inspected for the presence of dead, weak

or abnormally behaving fish. Particular attention should be paid to the water outlet area where weak fish tend
to accumulate due to the water current,

Eor the purposes of disease surveillance, fish to be sampled are selected as follows:

] mmon carp or strain h as koi or gh koi x common) carp are preferentiall | follow
ri .d. common carp x crucian carp), then other car i h rucian car

f abnormal mortali r ntial ex re even .0. via untr rf W rW|Ihrv r

replacement with stocks of unknown disease status).

i) If more than one water source is used for fish production, fish from all water sources should be
included in the sample.

lii If weak, abnormally behaving or freshly dead (not decomposed) fish are present, such fish should be
| f h fish are n resent, the fish sel hould incl normal rin hIhf|h

For disease outbreak investigations, moribund fish or fish exhibiting clinical signs of infection with SVCVY
should be collected. Ideally fish should be collected while alive, however, recently dead fish can also be
selected for diagnostic_testing-purpeses. It should be noted however, that there will be a significant risk of
contamination with environmental bacteria if the animals have been dead for some time. There may be no

clinical signs or gross pathognomonic lesions and—nre—chnicalsighs—in cases of sudden mortality—{see

Section4-1-1.).

3.2. Selection of organs or tissues
Kidney, spleen, gill and encephalon should be selected from ini i i apparently health
fishy.

For clinically affected fish: whole fry alevin—(body length < 4 cm), entire viscera including kidney and
brain (> 4 cm body length < 6 cm) or, for larger sized-fish, liver, kidney, spleen and encephalon
should be selected.

3.3. Samples or tissues not suitable for pathogen detection

uns—tselaﬂen—may—alse—mt—be—pess&ble—#em—Decomposed cllnlcal samples A-number-of-studies-a-which
i od and seminal fluid

Wh| the virus has been |solated at Iow frequency from ovarian;-but-net-seminak

fdes the §g;;gg ;¥ of ; ese tissues for detection of SVC samples_has not been substantiated (Bekesi &
Csontos, 1985).

3.4. Non-lethal sampling
Serologlcal assays for antlbodles can be undertaken on bIood samples—the g g ggn mglgg;g possible
[ h a ! f aking [
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.5. Preservation of samples for submission

For guidance on sample preservation methods for the intended test methods, see Chapter 2.2.0-6r2.3.0-0f

3.5.1.Samples for pathogen isolation

Samples for virus isolation (Section 3.2.) should be transported to the laboratory at 4°C using refrigerated
containers or on ice, preferably in virus transport medium and tested within 24 hours or, in exceptional
circumstances, 48 hours. The shipment of organ samples is preferred, but live or whole dead fish can be
submitted to the testing laboratory if necessary. If this is not possible, samples can be frozen, but there may
be loss of virus viability on thawing the samples. Repeated freeze—thawing of the sample must be avoided.

3.5.2.Preservation of Fixed samples for molecular detection

The material collected for virus culture is generally used for the molecular diagnostic assays, but additional
tissue samples for RT-PCR can be preserved in commercially available RNA preservation solutions
according to the manufacturers’ recommendations, or, alternatively, samples can be preserved in 80-90%
(v/v) analytical grade (absolute) ethanol at the recommended ratio of ethanol to tissue of 10:1.

3.5.3.Fixed samples for histopathology, immunohistochemistry or in-situ
hybridisation

Histology samples from each individual fish must be taker-placed into 10% neutral buffered formalin {NBF)
immediately after collection to prevent sample deterioration. The recommended ratio of fixative to tissue is
10:1 and each sample should be cut cleanly and be no thicker than approximately 4 mm to allow the fixative

to penetrate the material-anrd-sheuld-be-cutecleanly.

EU Comment:

We have previously commented that ‘In-situ hybridisation’ is not a method that
is recommended in Table 4.1. where the OIE includes a list of recommended
diagnostic methods and their level of validation for surveillance. The table does
not include any assessment of the level of validation for ‘In-situ hybridisation’.
For these reasons, we still think that it should therefore be removed from 3.5.3.

3.5.4.Fixed samples for electron microscopy

EM-sampling-is-Samples for electron microscopy are not routinely required as-standard—and-the-materiabs
and are collected only when where—it is considered beneficial to facilitate petentialfurther diagnostic

investigation-werk. From each fish sampled, a 2 mm cubed (approximately) sample sectien-from each of the
appropriate organs described in section 3.2 should be fixed in glutaraldehyde; the recommended ratio of
fixative to tissue is 10:1.

3.5.5.Samples for other tests

Tubes for the separation of serum are available commercially. After collection, the blood is allowed to clot
by leaving it undisturbed at room temperature. This usually takes 15-30 minutes. Serum is clarified by

centrifuging at 1000—2000 g for 10 minutes ir-a—refrigerated-centrifuge-at 4-8°C.

.6. Pooling of samples
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Pooling of samples from more than one individual animal for a given purpose should only be recommended
where supporting data on diagnostic sensitivity and diagnostic specificity are available. However, smaller
life stages (e.q. fry) can be pooled to provide a minimum amount of material for testing.

4 .Diagnostic methods

The methods currently available for identifying infection that can be used in i) surveillance of apparently healthy
populations), ii) presumptive and iii) confirmatory diagnostic purposes are listed in Table 4.1. by life stage. The
designations used in the Table indicate:

Key:

+++ = Recommended method(s) validated for the purpose shown and usually to stage 3 of the OIE
Validation Pathway;

++ = Suitable method(s) but may need further validation;

+ = May be used in some situations, but cost, reliability, lack of validation or other factors severely

limits its application;
Shaded boxes = Not appropriate for this purpose.

The selection of a test for a given purpose depends on the analytical and diagnostic sensitivities and specificities,
repeatability and reproducibility. OIE Reference Laboratories welcome feedback on diagnostic performance for
assays, in particular PCR methods, for factors affecting assay analytical sensitivity or analytical specificity, such
as tissue components inhibiting amplification, presence of nonspecific or uncertain bands, etc., and any assays
that are in the +++ category.
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Table 4.1. OIE recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and
investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of clinically C. Confirmatory diagnosis' of a suspect
animals affected animals result from surveillance or presumptive
Method diagnosis
Early life Juveniles? | Adults Lv Early life Juveniles? | Adults Lv Early life Juveniles? | Adults Lv
stages? stages? stages?
Wet mounts
Histopathology?
Cytopathology?
Cell or artificial media culture ++ ++ 43 ++ ++ 13 ++ ++ 13
Real-time PCR
Conventional PCR ++ ++ 12 +t+ ++ 12 ++ ++ 12
Amplicon sequencing* +++ +H+ 43
In-situ hybridisation
Immunohistochemistry ++ ++ 1
Bioassay
LAMP
Ab-ELISA
Ag-ELISA +t +t 1
IFAT Other-antigen-detection - + 1
methods

LV = level of validation, refers to the stage of validation in the OIE Pathway (chapter 1.1.2); PCR = polymerase chain reaction; LAMP = loop-mediated isothermal amplification;
Ab- or Ag-ELISA = antibody or antigen enzyme-linked immunosorbent assay.
'For confirmatory diagnoses, methods need to be carried out in combination (see Section 6).
2Early and juvenile life stages have been defined in Section 2.2.4.
®Histopathology and cytopathology can be validated if the results from different operators have been statistically compared.
4Sequencing of the PCR product.
Shading indicates the test is inappropriate or should not be used for this purpose.
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4

1.

.2.

Wet mounts
Not applicable.
Histo——pathology and cytopathology

Histopathological changes can be observed in all major organs. In the liver, blood vessels show
oedematous perivasculitis progressing to necrosis. Liver parenchyma shows hyperaemia with multiple
focal necrosis and degeneration. The heart shows pericarditis and infiltration of the myocardium
progressing to focal degeneration and necrosis. The spleen shows hyperaemia with hyperplasia of the
reticuloendothelium and enlarged melanomacrophage centres, and the pancreas is inflamed with
multifocal necrosis. In the kidney, damage is seen to excretory and haematopoietic tissue. Renal tubules
are clogged with casts and the cells undergo hyaline degeneration and vacuolation. The intestine shows
perivascular inflammation, desquamation of the epithelium and atrophy of the villi. The peritoneum is
inflamed, and lymph vessels are filled with detritus and macrophages. In the swim bladder, the epithelial
lamina changes from a monolayer to a discontinuous multi-layer and vessels in the submucosa are
dilated with nearby lymphocyte infiltration.

As the histopathological presentation picture-is not specific for the disease, and not all fish will exhibit
each feature (Misk et al., 2016), microscopic methods by themselves are not recommended for diagnosis
of SVC—as—me—hlstepathelegeal—pm#e—MMpeaﬂ&Mre—disease They may, however, provide

supporting evidence, particularly, when immunohistochemistry immunehistelegical-(tHC)-or nucleic acid
BNA-based in-situ hybridisation methods are used (see the relevant Sections below).

Cell or artificial media culture for isolation
4.3.1.Cell lines

The recommended cell lines for SVCV detection are EPC, FHM or GCO. Cell lines

should be monitored to ensure that susceptibility to targeted pathogens has not changed.

4.3.2.Sample preparation and inoculation

Cell-eulture
Virus extraction: Use the procedure described in Section A:2.2.2 of Chapter 2.3.0.

Inoculation of cell monolayers: make two serial tenfold dilutions of the 1/10 organ homogenate
supernatants in cell culture medium (i.e. the homogenate supernatants will be 1/100 and 1/1000 dilutions
of the original organ material) and transfer an appropriate volume of each of these two dilutions on to 24-
hour-old cell monolayers drained of their culture medium. Alternatively, make a single tenfold dilution of
the 1/10 organ homogenate (i.e. a 1/100 dilution of the original organ material) and add an appropriate
volume of both the 1/10 and 1/100 dilutions directly to undrained 24 hour-old cell monolayers, to effect
1/100 and 1/1000 final dilutions of the organ homogenate. Should toxicity of the sample be a problem,
make two serial tenfold dilutions of the 1/10 organ homogenate supernatants in cell culture medium as
described above and inoculate at least 2 cm? of drained cell monolayer with 100 pl of each dilution. Allow
to adsorb for 0.5-1 hour at 10-15°C, withdraw the inoculum and add cell culture medium buffered at pH
7.6 and supplemented with 2% fetal calf serum (FCS) (1 ml well™ for 24-well cell culture plates).
Incubate at 20°C.

Monitoring incubation: Follow the course of infection in positive controls and other inoculated cell cultures
by microscopic examination at x40-100 magnification for 7 days. The use of a phase-contrast
microscope is recommended.

Maintain the pH of the cell culture medium at between 7.3. and 7.6. during incubation. This can be
achieved by the addition to the inoculated medium of sterile bicarbonate buffer (for tightly closed cell
culture flasks) or HEPES-buffered medium (HEPES = N-2-hydroxyethyl-piperazine-N-2-ethanesulfonic
acid) or 2 M Tris (Tris [hydroxymethy]) aminomethane)/HCI buffer solution (for cell culture plates).
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If a cytopathic effect (CPE) appears in those cell cultures inoculated with the dilutions of the tested
homogenate supernatants, identification procedures must be undertaken immediately—{see—Section

Subcultivation procedures: Using a pipette, try to dislodge cells from the cell culture vessels and collect
aliquots of cell culture medium plus cells from all inoculated monolayers, keeping different groups
separate. The aliquots of the 1/100 and 1/000 dilutions are pooled and inoculated on to fresh 24 hour-old
cell cultures to effect 1/10 and 1/100 final dilutions of the pooled aliquots. Incubate and monitor as

described above. H-no-CPE-occurs-the-testmay-be-declared-negative:

If no CPE occurs the test may be declared negative. However, if undertaking surveillance to demonstrate
freedom from SVCV it would be advisable to screen the cells at the end of the 14 days using an SVCV-
specific RT-PCR er—+eal-time-RT-PCR(Section 4.4.). Following a positive result culture should be re-
attempted.

Following isolation, the virus must be identified, and this can be achieved by antigen detection methods,
virus neutralisation or nucleic acid identification methods. The former two methods are generally
regarded as presumptive unless fully validated monoclonal or polyclonal antibodies are used, as cross
reactions with other viruses occur. Commercially available kits using polyclonal antibodies may also lack
specificity, and those using monoclonal antibodies may not detect all subgenogroups of SVCV (Dixon &
Longshaw, 2005). Nucleic acid detection methods must always be followed up by sequencing or use of a
method such as reverse hybridisation (Sheppard et al., 2007) to confirm the identity of the virus.

.4. Nucleic acid amplification

4.4.1.Real-time PCR
The following controls should be run with each assay: negative extraction control; positive control; no
template control; internal PCR control f available and validated.

Real-time RT-PCR assays are available to detect and confirm infection-with-SVCV (Yue et al., 2008;
Zhang et al., 2009), however, they are not currently recommended as they have not been sufficiently
validated.

4.4.2.Conventional PCR

templa{e—eemlcel—m{emal—FlGR—een#el—Posmve and negatlve controls should be run W|th each stage of
the assays: extraction, RT-PCR and second round PCR. Due to the sensitive nature of PCR-based

assays it is highly recommended that master mix, template addition and PCR amplification occur in
ian h r iall I r

Nested reverse-transcription polymerase chain reaction (RT-PCR) (confirmation of virus identity from cell
culture isolation or directly from fish tissue extracts)

The genome of SVCV consists of a single strand of RNA of approximately 11 kb, with negative polarity.
Amplification of a 714 bp fragment of SVCV cDNA is performed using primers derived from sequences of
the region coding for the glycoprotein gene: 5-TCT-TGG-AGC-CAA-ATA-GCT-CAR*-R*TC-3’ (SVCV
F1) and 5-AGA-TGG-TAT-GGA-CCC-CAA-TAC-ATH*-ACN*-CAY*-3' SVCV R2), using a modification of
the method of Stone et al. (2003).

i)  Total RNA is extracted from 100 pl of supernatant from cell cultures exhibiting CPE or 50 pl of fish
tissue extract and dissolved in 40 pl molecular biology grade DNase- and RNase-free water.

A number of total RNA extraction kits are available commermally that will produce high quality RNA

ii)  For cDNA synthesis, a reverse transcription reaction is performed at 37°C for 1 hour in a 20 pl
volume consisting of 1 x M-MLV RT reaction buffer (50 mM Tris, pH 8.3, 75 mM KCI, 10 mM DTT,
3 mM MgCly) containing 1 mM dNTP, 100 pmol SVCV R2 primer, 20 units M-MLV reverse
transcriptase (Promega, Southampton, UK) or an equivalent reverse transcriptase system and 1/10
of the total RNA extracted above.
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i)  PCRis performed in a 50 pl reaction volume 1 x PCR buffer (50 mM KCI, 10 mM Tris/HCI, pH 9.0,
and 0.1% Triton X-100) containing 2.5 mM MgCl,, 200 uM dNTPs, 50 pmol each of the SVCV R2
and SVCV F1 primers, 1.25 units of Taq DNA polymerase, and 2.5 ul reverse transcription reaction
mix. The reaction mix is subjected to 35 temperature cycles of: 1 minute at 95°C, 1 minute at 55°C
and 1 minute at 72°C followed by a final extension step of 10 minutes at 72°C. Amplified DNA (714
bp) is analysed by agarose gel electrophoresis.

iv) If the CPE in culture is not extensive it is possible that a visible product will not be generated using
a single round of amplification. To avoid such problems, use the semi-nested assay using primers:
5'-TCT-TGG-AGC-CAA-ATA-GCT-CAR*-R*TC-3’ (SVCV F1) and 5-CTG-GGG-TTT-CCN*-CCT-
CAA-AGY*-TGY*-3’ (SVC R4) according to Stone et al. (2003).

v)  The second round of PCR is performed in a 50 pl reaction volume 1 x PCR buffer (50 mM KCI,
10 mM Tris/HCI, pH 9.0, and 0.1% Triton X-100) containing 2.5 mM MgCl,, 200 pM dNTPs,
50 pmol each of the SVCV R4 and SVCV F1 primers, 1.25 units Taq DNA polymerase, and 2.5 pl
of the first round product. The reaction mix is subjected to 35 temperature cycles of: 1 minute at
95°C, 1 minute at 55°C and 1 minute at 72°C followed by a final extension step of 10 minutes at
72°C. Amplified DNA (606 bp) is analysed by agarose gel electrophoresis.

vi)  All amplified products are confirmed as SVCV in origin by sequencing, and the SVCV subtype (la-
Id) is identified using a BLAST search (http://www.ebi.ac.uk/blastall/index.html) or by phylogenetic
analysis using the SVCV sequences available in public sequence databases. Phylogenetic analysis
is undertaken using a 426 bp region corresponding to nucleotides 429-855 of the glycoprotein
gene.

vii) In cases where the CPE is extensive and the virus replicates to a high titre, or where a semi-nested
RT-PCR assay was used, sufficient PCR amplicon will be available for direct sequencing. Where
the amplified product is weak it is recommended that the product be inserted into an appropriate
sequencing vector (e.g. pGEM-T, pCR® 4-TOPO®) prior to undertaking the sequencing. At least
two independent amplification and sequencing events should be undertaken to eliminate potential
sequence errors introduced by the Taqg polymerase.

Reverse-transcription polymerase chain reaction (RT-PCR) (confirmation of virus identity)

Additional conventional RT-PCR assays are available to detect and confirm SVCV infections (Koutna et
al., 2003; Shimahara et al., 2016). A generic primer set based on the polymerase gene also identifies
viruses from both the Sprivivirus and Perhabdovirus genera and can be used to screen a virus culture
(Ruane et al., 2014). With the exception of the conventional PCR assay developed by Shimahara et al.
(2016) the other assays were not sufficiently fully-validated against representatives from each of the
recognised SVCV genogroups and they may fail to detect the full range of SVCV genotypes.

A summary of the Shlmahara et al. 2016 RT- PCR method follows Am Ilflcatlon of a 369 bp fragment of

the same as nested RT-PCR above. Reverse transcription of SVCV RNA and amplification of cDNA are
carried out using SuperScript |ll one-step RT-PCR with PlatinumR Tag (Invitrogen) according to the

manufacturers |nstruct|0ns The RT- PCR reactlon mlxture contamed 10 pmol of each grlmer 12.5 ul of
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4.4 .3.0ther nucleic acid amplification methods

Loop-mediated isothermal amplification assays are available to detect and confirm SVCV infections
(Shivappa et al., 2008), however, they are currently not recommended as they are not sufficiently
validated.

Infection with SVCV has also been eenfirmed—detected using RT-PCR and hybridisation with non-
radioactive probes to determine the genotype (Oreshkeva-etal—1999:-Sheppard et al., 2007), however

iti rrently not recommen it is not sufficiently vali

4.5. Amplicon sequencing
See-above{(Section4-4-2)—-Al-Nucleotide sequencing g g RT-PCR ampllcons should-be-sequenced-to
confirm—that-theyare-SVCVin—origin— ion 4.4.2 mmen f the final for
confirmatory diagnosis. SVCV-specific pmdue&—m will share a higher degree of nucleotide

identity-similarity to one of the published reference sequences for SVCV (Genbank accession U18101,
AJ318079, DQO97384 and EU177782) compared to the published reference sequences for the Pike
spriviviruses (GenBank FJ872827, KC113518 and KC113517).

4.6. In-situ hybridisation {and-histoimmunochemistry)

Although Hrin-situ hybridisation can be used to locate SVCV the-virus in different tissues ea-in known
positive animals, but-this assay is currently not recommended as it has not been well-validated as a
diagnostic tool for the detection of SVCV-as-a-diaghestic-teol.

4.7. Immunohistochemistry

SVCV can be detected by immunohistochemistry, however, care must be taken with interpreting the

results of serelegicat-these tests for SVCV, and positive results frem-antibedy-based-assays should be
confirmed by RT-PCR and sequencing{see-Seetioh-4-8-).

i) Bleed the fish thoroughly.

i)  Make kidney imprints on cleaned glass slides or at the bottom of the wells of a plastic cell culture
plate.

iii) Store and transport the kidney pieces as indicated in Section 2.2.1. of Chapter 2.3.0. together with
the other organs required for virus isolation.

iv)  Allow the imprint to air-dry for 20 minutes.

v)  Fix with cold acetone (stored at —20°C) for glass slides or 80% acetone in water or 30% acetone in
ethanol, also at —20°C, for plastic wells. Let the fixative act for 15 minutes. Allow the imprints to air-
dry for at least 30 minutes and process immediately or freeze at —20°C.

vi)  Rehydrate the imprints if they have been stored frozen by four rinsing steps with PBS containing
0.05% Tween 20 (PBST), and remove this buffer completely after the last rinse. Block with 5% skim
milk or 1% bovine serum albumin, in PBST for 30 minutes at 37°C.

vii) Rinse four times with PBST, 5 minutes for each rinse. The slides or plastic culture plates can be
gently agitated during the rinses.

viii) Prepare a solution of purified antibody or serum to SVCV in PBST, at the appropriate dilution
(which has been established previously or as given by the reagent supplier).

ix) Incubate the imprints with the antibody solution for 1 hour at 37°C in a humid chamber and do not
allow evaporation to occur.

X)  Rinse four times with PBST.
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xi)  Incubate the imprints with a solution of fluorescein isothiocyanate (FITC)-conjugated antibody to the
immunoglobulin used in the first layer and prepared according to the instructions of the supplier.
These FITC antibodies are most often rabbit or goat antibodies.

xii) Rinse four times with PBST.

xiii) View the treated imprints on plastic plates immediately, or mount the slides with cover-slips using
glycerol saline at pH 8.5, or a commercially-available mountant.

xiv) Examine under incident ultraviolet (UV) light using a microscope with x10 eye pieces and x20 or
x40 objective lenses having numerical aperture of >0.65 and >1.3, respectively. Positive and
negative controls must be found to give the expected results prior to any other observation.

4.8. Bioassay

Not available.

4.9. Antibody-based or antigen-based detection methods +ELEISA;
ete)
Serological-Anti - or_antigen- methods that detect SVCV must be regarded as presumptive

unless fully validated monoclonal or polyclonal antibodies are used, as cross reactions with other
virgses—closely related spriviviruses (PFRV, GrCRV and TenRV) may occur. Commercially available
kits using polyclonal antibodies may lack specificity, and those using monoclonal antibodies may not
detect all subgenogroups of SVCV (Dixon & Longshaw, 2005). These techniques should not be used

as a screening method.

4.9.1.

Antigen enzyme-linked immunosorbent assa ELISA

irus idontification L inked : ;

i)

iii)
iv)
v)
Vi)

vii)

viii)

Xi)

Coat the wells of microplates designed for ELISAs with appropriate dilutions of purified
immunoglobulins (Ig) specific for SVCV, in 0.02 M carbonate buffer, pH 9.5 (200 pl Well"l). Ig may
be polyclonal or monoclonal Ig originating most often from rabbit or mouse, respectively. For the
identification of SVCV, monoclonal antibodies (MAbs) specific for certain domains of the
nucleocapsid (N) protein are suitable.

Incubate overnight at 4°C.
Rinse four times with PBST.

Blocli with skim milk (5% in carbonate buffer) or other blocking solution for 1 hour at 37°C (300 pl
well™).

Rinse four times with PBST.
Add 2% non-ionic detergent (Triton X-100 or Nonidet P-40) to the virus suspension to be identified.

Dispense 100 pl well™ of two- or four-step dilutions of the virus to be identified, and of the non-
infected cell culture harvest (negative control). Also include SVCV positive control virus. Incubate
for 1 hour at 37°C.

Rinse four times with PBST.

Add to the wells, 200 pl of horseradish peroxidase (HRPO)-conjugated MAb or polyclonal antibody
to SVCV; or polyclonal IgG to SVCV. An MAb to N protein specific for a domain different from the
one of the coating MAb and previously conjugated with biotin can also be used. Incubate for 1 hour
at 37°C.

Rinse four times with PBST.

If HRPO-conjugated antibody has been used, go to step xiii. Otherwise, add 200 pl of HRPO-
conjugated streptavidin or ExtrAvidin (Sigma) to those wells that have received the biotin-
conjugated antibody and incubate for 1 hour at 37°C.
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Rinse four times with PBST.

xiii) Add 200 pl of a suitable substrate and chromogen, such as tetramethylbenzidine dihydrochloride.

Stop the course of the test when positive controls react, and read the results.

Enzyme-linked immunosorbent assay (ELISA) using tissue homogenates

See Section A:2.2.2 of Chapter 2.3.0, for obtaining organ homogenates.

i)
ii)

iv)

Vi)

vii)

viii)

X)

Xxi)

xii)

xiii)

Xiv)

XV)

.9.

2.

Coat the wells of microplates designed for ELISAs with appropriate dilutions of purified
immunoglobulins (Ig) specific for SVCV, in 0.02 M carbonate buffer, pH 9.5 (200 pl well‘l). g may
be polyclonal or monoclonal Ig originating most often from rabbit or mouse, respectively. For the
identification of SVCV, monoclonal antibodies (MAbs) specific for certain domains of the
nucleocapsid (N) protein are suitable.

Incubate overnight at 4°C.
Rinse four times with PBST.

BIocI§ with skim milk (5% in carbonate buffer) or other blocking solution for 1 hour at 37°C (300 pl
well™).

Rinse four times with PBST.

Store a 1/4 aliquot of each homogenate at 4°C, in case the test is negative and virus isolation in cell
culture is required.

Treat the remaining part of the homogenate with 2% Triton X-100 or Nonidet P-40 and 2 mM of
phenyl methyl sulphonide fluoride; mix gently.

Dispense 100 ul well-1 of two- or four-step dilutions of the sample to be identified, and of negative
control tissues. Also include an SVCV positive control virus. Incubate for 1 hour at 37°C.

Rinse four times with PBST.

Add to the wells, 200 pl of horseradish peroxidase (HRPO)-conjugated MAb or polyclonal antibody
to SVCV; or polyclonal IgG to SVCV. A MAb to N protein specific for a domain different from the
one of the coating MAb and previously conjugated with biotin can also be used. Incubate for 1 hour
at 37°C.

Rinse four times with PBST.

If HRPO-conjugated antibody has been used, go to step xiv. Otherwise, add 200 pl of HRPO-
conjugated streptavidin or ExtrAvidin (Sigma) to those wells that have received the biotin-
conjugated antibody and incubate for 1 hour at 37°C.

Rinse four times with PBST.

Add 200 pl of a suitable substrate and chromogen, such as tetramethylbenzidine dihydrochloride.
Stop the course of the test when positive controls react, and read the results.

If the test is negative, process the organ samples stored at 4°C, for virus isolation in cell culture as
described in Section 4.3.

Indirect fluorescent antibody test (IFAT)

Prepare monolayers of cells in 2 cm? wells of plastic cell culture plates, flasks or on cover-slips
or glass slides in order to reach approximately 80% confluency within 24 hours of incubation at
25°C (seed six cell monolayers per virus isolate to be identified, plus two for positive and two for
negative controls). The FCS content of the cell culture medium can be reduced to 2-4%. If
numerous virus isolates have to be identified, the use of Terasaki plates is strongly
recommended.
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i)  When the cell monolayers are ready for infection, i.e. on the same day or on the day after seeding,
inoculate the virus suspensions to be identified by making tenfold dilution steps directly in the cell
culture wells or flasks. For tests using cells cultured on glass cover-slips or slides, the dilutions are
made in sterile containers and then used to inoculate the cells.

iii)  Dilute the control virus suspension of SVCV in a similar way, in order to obtain a virus titre of about
5000—10,000 PFU mI™ in the cell culture medium.

iv) Incubate at 20°C for 24 hours.

v)  Remove the cell culture medium, rinse once with 0.01 M phosphate-buffered saline (PBS), pH 7.2,
then three times briefly with cold acetone (stored at —20°C) for slides or cover-slips or 80% acetone
in water or 30% acetone in ethanol, also at —20°C, for ceIIs on plastic substrates. Let the fixative act
for 15 minutes. A volume of 0.5 ml is adequate for 2 cm? of cell monolayer.

vi)  Allow the cell monolayers to air-dry for at least 30 minutes and process immediately or freeze at —
20°C.

vii) Rehydrate the dried cell monolayers, if they have been stored frozen, by four rinsing steps with
PBST and remove this buffer completely after the last rinse. Block
with 5% skim m||k or 1% bovine serum albumin, in PBST for 30 minutes at 37°C.

viii) Rinse four times with PBST, 5 minutes for each rinse. The slides or plastic culture plates can be
gently agitated during the rinses.

ix) Prepare a solution of purified antibody or serum to SVCV in PBST, at the appropriate dilution
(which has been established previously or as given by the reagent supplier).

X)  Incubate the cell monolayers with the antibody solution for 1 hour at 37°C in a humid chamber and
do not allow evaporation to occur.

xi)  Rinse four times with PBST.

xii) Incubate the cell monolayers with a solution of fluorescein isothiocyanate (FITC)-conjugated
antibody to the immunoglobulin used in the first layer and prepared according to the instructions of
the supplier. These FITC antibodies are most often rabbit or goat antibodies.

xiii) Rinse four times with PBST.

xiv) View the treated cell monolayers on plastic substrates immediately, or mount the slides or cover-
slips using glycerol saline at pH 8.5, or a commercially available mountant.

xv) Examine under incident ultraviolet (UV) light using a microscope with x10 eye pieces and x20 or

x40 objective lenses having numerical apertures of >0.65 and >1.3, respectively. Positive and
negative controls must be found to give the expected results prior to any other observation.

4.10. Other sereolegieal methods
Not applicable

5.Test(s) recommended for surveillance to demonstrate freedom in
apparently healthy populations

The method for surveillance of apparently healthy populations suseeptible-fish pepulations—for declaration of
freedom from infection with SVCV is inoculation of cell culture with tissue homogenates extracts-(as described

in Section 4.3.-4-5) to-demonstrate-absence-of thevirus.
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Corroborative diagnostic criteria

This Section only addresses the diagnostic test results for detection of infection in the presence absence
(Section 6.1.) or in the presence absence of clinical signs (Section 6.2.) but does not evaluate whether the
infectious agent is the cause of the clinical event.

The case definitions for a suspect and confirmed case have been developed to support decision making
related to trade and confirmation of disease status at the country, zone or compartment level. Case definitions
for disease confirmation in endemically affected areas may be less stringent. It is recommended that all
samples that yield suspect positive test results in an otherwise pathogen-free country or zone or compartment
should be referred immediately to the OIE Reference Laboratory for confirmation, whether or not clinical signs
are associated with the case. If a laboratory does not have the capacity to undertake the necessary diagnostic
tests it should seek advice from the appropriate OIE Reference Laboratory.

6.1. Apparently healthy animals or animals of unknown health status!®
Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an
epidemiological link{s} to an infected population. Geographical proximity to, or movement of animals or
animal products or equipment-etes; from a known infected population equate to an epidemiological link.

Alternatively, healthy populations are sampled in surveys to demonstrate disease freedom.

6.1.1. Definition of suspect case in apparently healthy animals

The presence of infection with SVCV shall be suspected if:-a—pesitiveresult-has-been-obtained-on-at
least-ene-animalfrom at least one of the following diagnestic-tests criteria is met:

i) Positive result by conventional RT-PCR a—frecommended—molecular—or—antigen—or—antibody

detectiontest

i) SVCV-typical CPE. Cytepathic-effectin cell culture {viruses)

6.1.2. Definition of confirmed case in apparently healthy
animals

The presence of |nfect|0n with SVCV is conS|dered to shall-be confrrmed if, in addltlon to the crrterla in

Section 6.1.1.,
feuewmg-eembrna{ren;hg fgllgwrng cr ;grlgn is g;
i) Pathegen—isolation—AND Conventional-SVCV-typical CPE in cell culture followed by virus

identification by conventional RT-PCR test fellowed-by-and amplicon sequencing.
Reference Laboratories should be contacted for specimen referral when testing laboratories cannot

undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.2. Clinically affected animals

Clinical signs are not pathognomonic for infection with SVCV-a-single-disease; however they may
narrow the range of pOSSIb|e dlagnoses {Fer—many—drseases—espeera”y—these—a#eetmg—me%sc—

6.2.1. Definition of suspect case in clinically affected animals

The presence of infection with SVCV shall be suspected if at least one of the following criteria is are
met:

1

For example transboundary commodities.
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i) Gross pathology or clinical signs associated with the disease as described in this chapter, with or
without elevated mortality

i) Positive result by conventional RT-PCR a—recommended—molecular—or—antigen—or—antibody
. loastoneanimal

iii) Positives result by antigen ELISA i i i
iv) Positive result by IFAT

v) Positive result by immunohistochemistr

vi) VCV- E Cytopathic-effect in cell culture.
6.2.2. Definition of confirmed case in <clinically affected
animals

The presence of |nfect|on with SVCV is con3|dered to shal-be conflrmed if, In addltlon to the crlterla in

fe“emng—eembmaﬂen;hg fgllgwmg cr ;grlgn is g;

i) Pathegen—iselation—AND—Conventional-SVCV- | CPE in cell cul follow vir
identification by conventional RT-PCR test feuewed—b%Ld amplicon sequencmg

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

Diagnostic sensitivity and specificity for diagnostic tests

The diagn rforman f recommen for surveillan r di f infection with SVCV
rovided in Table 6.3. (note: no data are currently available). This information can be used for the design of
for inf |nW|h VVhwvrlhI n h iagn rforman |f| h

es and host species and diagnostic performance ma var under different condltlons Data is

1.1. 2 and the information is avallable within Qubllshed dlagnostlc accuracy studles

Table 6.1. Diagnostic performance of tests recommended for surveillance or
diagnosis

Test Test Source Tissue/ Species DSe (n) DSp (n) Reference | Citation
type purpose population sample type test
Cell Surveillance, | = Tissue = Not yet Not vet = =
culture | diagnosi homogenates available | available
RT- Surveillance, | = Tissue = Not yet Not vet = =
PCR iagnosi homogenates available | available
RT- Surveillance, | = Cell culture = Not yet Not vet = =
PCR iagnosi available | available

brain

hemegenate

DSe = d|agnost|c sensmvnty,

DSp = dlagnostlc speCIflcny Mw
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*

* %

NB: There are OIE Reference Laboratories for Spring viraemia of carp
(see Table at the end of this Aquatic Manual or consult the OIE web site for the most up-to-date list:
http://www.oie.int/en/scientific-expertise/reference-laboratories/list-of-laboratories/).
Please contact the OIE Reference Laboratories for any further information on
Spring viraemia of carp
NB: First adopted in 1995 as spring viraemia of carp. Most recent updates adopted in 2012.
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CHAPTER 2.1.3.

INFECTION WITH
BATRACHOCHYTRIUM SALAMANDRIVORANS

EU comment
The EU thanks the OIE and in general supports the proposed changes to this chapter.
One comment is inserted in the text below.

1. Scope

Infection with Batrachochytrium salamandrivorans {Bsah-means infection of amphibians with the pathogenic
agent Batrachochytrium salamandrivorans, of the Division Chytridiomycota and Order Rhizophydiales-Genrus
) X e,

2.Disease information
2.1. Agent factors

2.1.1. Aetiological agent

The type strain of the pathogenic chytrid fungal agent Batrachochytrium salamandrivorans (Bsal) type
strain-is AMFP13/1. Three more isolates have been described (Martel et al., 2014) but no information is

available on genetic structuring or phenotypic variation. Phylogenetic analyses show that Bsal forms a
clade with its sister species B. dendrobatidis (Martel et al., 2013). The genome size of the type strain
was determined at 32.6 Mb with 10,138 protein-coding genes predicted (Farrer et al., 2017). The
contribution of these proteins to virulence is currently not clear.

2.1.2. Survival and stability inside the host tissues in

processedor stored samples

Bsal is an intracellular pathogen that develops inside epidermal cells. The presence of Bsal could be
demonstrated using real-time polymerase chain reaction (§PCR) on dorsal skin swabs up to 7 days on
average post-mortem and using histopathology of dorsal skin tissue up to 3 days on average post-
mortem (Thomas et al., 2018). It is not clear how long Bsal can survive inside tissues of a dead host

and how Iong a dead host remalns |nfect|0us Ste;age—ef—t&ssues—er—skm—swabs—m—l@%—etharml—e#at—

2.1.3. Survival and stability outside the host

Encysted spores have been shown to remain infectious in pond water for up to at least 31 days
(Stegen et al., 2017) and are considered more enrvirenmentaly-resistant in the environment compared
with zoospores. Experimentally inoculated forest soil was demonstrated to remain infectious to fire
salamanders for 48 hours (Stegen et al., 2017). However, Bsal DNA was detected up-to-28-weeks-in
contaminated forest soil for up to 28 weeks (Stegen et al., 2017). Hewever—Whether this reflects the
presence of viable Bsal organisms is not clear. The effect of dessication desiccation on Bsal survival
has not been studied.

For inactivation methods, see Section 2.4.5.
2.2. Host factors

2.2.1. Susceptible host species

Species that fulfil the criteria for listing as susceptible to infection with Bsal according to Chapter 1.5. of

the Aquatlc Anlmal Health Code (Aquatlc Code) mclude [alpane—nemﬁ—@ehmyesau;a—apesmg—blae-
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Family Scientific name Common name
Plethodontidae Hydromantes strinatii French cave salamander
Cynops cyanurus blue-tailed fire-bellied newt
Cynops pyrrhogaster Japanese fire-bellied newt
Euproctus platycephalus sardinian brook salamander
Ichthyosaura alpestris Alpine newt
Lissotriton italicus Italian newt
ETE— Neurergus cro.r.aru: yellow spotted newt
— Nothophthalmus viridescens eastern newt
Paramesotriton deloustali Tam Dao salamander
Pleurodeles waltl Spanish ribbed newt
Salamandrina perspicillata northern spectacle salamander
Salamandra salamandra fire salamander
Taricha granulosa rough-skinned newt
2.2.2. Species with incomplete evidence for susceptibility

Species for which there is incomplete evidence for susceptibility according to Chapter 1.5. of the
Aquatic Code are: [under study]

2.2.3. Non-susceptible species

Species that have been found non-susceptible to infection with Bsal according to Chapter 1.5. of the
Aquatic Code are: [under study

2.2.4. Likelihood of infection by species, host 1life stage,

population or sub-populations

Bsal is a pathogenic agent that mainly affects urodeles. Evidence from experimental infections and
disease outbreaks in the wild and in captivity show that at least most, if not all, species of the family
Salamandridae, as well as species of the family Hynobiidae are likely to become infected when
exposed to Bsal. However, differences in susceptibility to infection between species do exist: for
example, for fire salamanders (Salamandra—salamandra), the infectious dose of Bsal was determined
to be a theoretical one zoospore, whereas a significantly higher dose was necessary to infect Alpine
newts-{lehthyosaura—alpestris); Stegen et al.,, 2017) and one western Palearctic species (Lissotriton
helveticus) may be more resistant to infection (Martel et al.,, 2014). For the largest family of
salamanders (Plethodontidae), little information is currently available; at least one European species
(Speleomantes strinatii) can be infected but other, North American species (Gyrinophilus porphyriticus,
Plethodon glutinosus, Ambystomatidae) seem less susceptible to infection (Martel et al., 2014).
Susceptibility of the family of Cryptobranchidae is not clear, with a single infection found in a farmed
Chinese giant salamander (Andrias davidianus; Zhiyong et al., 2018). No information is available on
the urodele families Proteidae, Rhyacotritonidae and Amphiumidae. Bsal infection in anurans has only
been detected in two species, in captivity, the wild and in lab trials (Nguyen et al., 2017; Stegen et al.,
2017).

Thus far, infections with Bsal have been demonstrated only in amphibians post-metamorphosis. In one
experimental infection trial, larvae of fire salamanders were exposed to Bsal, but did not become were
pot-infected (Van Rooij et al., 2015). The extent to which factors such as like-age and sex affect
susceptibility to infection post-metamorphosis is unknown.

In Europe, Bsal has been detected in captive collections of urodeles (Fitzpatrick et al., 2018, Sabino-
Pinto et al., 2015) and the pet trade in salamanders and newts has been hypothesised to play a central
role in the distribution of this fungus (Fitzpatrick et al., 2018; Yap et al., 2015; Zhiyong et al., 2018).
Hence, urodeles that come into contact with traded urodeles, either directly (by-via co-housing or
contact ef—with wild animals with—or released or captive animals) or indirectly (via materials,
contaminated water or soil)-come—in—contact-with-—traded—uredeles, may have a high likelihood of
exposure to infection with be-mere-likely-to-contract Bsal-infection.

2.2.5. Distribution of the pathogen in the host

Bsal only infects the skin, where it remains limited to the epidermis.

2.2.6. Aquatic animal reservoirs of Persistent—infection
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A large number of salamanders, mainly belonging to the families Salamandridae and Hynobiidae, may
survive episodes of infection (for example Alpine newts) or be considered tolerant, resulting in
persistent subclinical infections. Although persistent infection has not been demonstrated for all
species, in the native Bsal range in east Asia, Bsal infection and disease dynamics appear to be
consistent for all species examined and appear capable of long-term persistent infections (Laking et al.,
2017; Martel et al., 2014; Zhiyong et al., 2018).

In its invasive range, persistent infections (e.g. in Alpine newts) have been implicated in the extirpation
local extinction of a highly susceptible species (fire salamanders). It is currently not clear which of the
species, mentioned in Section 2.2.1 may sustain persistent infections in the invasive Bsal range. At
least some species (the best-known example is the fire salamander) are highly susceptible and
invariably die shortly briefly-after exposure (Martel et al., 2014; Stegen et al., 2017), making which
would-make-them unlikely to sustain persistent infections.

It is not known whether other, biotic reservoirs of Bsal exist.
2.2.7. Vectors

There is evidence that birds may carry zoospores attached to their the-feet of-birds—(Stegen et al.,
2017);-which-may and thus may act as vectors for Bsal.

2.3. Disease pattern

2.3.1. Mortality, morbidity and prevalence

In its native range in east Asia, Bsal has been demonstrated to be present in the wild at a prevalence
of between 2 and 4% on average (data from China [People’s Rep. of], Japan, Thailand, and Vietnam;
Laking et al., 2017; Martel et al., 2014; Zhiyong et al., 2018), but in the absence of any observed
morbidity or mortality under natural conditions. In some populations (Paramesotriton hongkongensis),
prevalence may reach 50% (Zhiyong et al., 2018). In its invasive range in Europe, Bsal was present in
a population of fire salamanders at a prevalence of between 25 and 63% (Stegen et al., 2017). a
captive—collections—of uroedeles—in-Eurepe;Bsal occurrence and associated mortality has been were
detected in captive collections of urodeles in Europe, including Germany (1), the United Kingdom (4),
Belgium (1), the Netherlands (2) and Spain (1) (number in brackets indicates humber of collections).
When left untreated, morbidity and mortality can reach 100%, at least in members of the genus
Salamandra.

Morbidity, mortality and minimum infectious dose vary considerably between species (Martel et al.,
2014; Stegen et al., 2017). Based on natural outbreaks in captivity and in the wild and in en-infection
trials, the case morbidity and case mortality rate in fire salamanders can reach 100%, independent of
the initial level of Bsal exposure. This has resulted in the loss of over 99.9% of the fire salamander
population at the Bsal index outbreak site in the Netherlands (Spitzen-van der Sluijs et al., 2016). All
tested western Palearctic urodeles, except for Lissotriton helveticus and Salamandrella keyserlingii,
showed 100% morbidity and mortality when exposed to a single, high dose of Bsal (Martel et al., 2014).
However, at least for Alpine newts, the case morbidity and case fatality rates depend on the Bsal dose
that the animal is exposed to: a high dose resulting in the highest mortality, while a low dose does not
necessarily result in morbidity or mortality.

HHs-impertant-to-mention-that-Morbidity and mortality also depend on environmental temperature. For
the Bsal type strain, temperatures above 20°C reduces the level of tempers-infection and temperatures
above 25°C eventually result in killing of Bsal and elimination of infection (Blooi et al., 2015b-2015a).
Exposure of infected animals to conditions that inhibit Bsal growth may thus result in non-clinical or
sub-clinical infections in susceptible species.

2.3.2. Clinical signs, including behavioural changes

Chytridiomycosis caused by Bsal may be accompanied by a combination of the following signs:
epidermal ulcerations (ranging from discrete tiny—to extensive), excessive skin shedding, skin
haemorrhages and/or fluid loss, anorexia, apathy, abnormal body postures and convulsions and-death
(Martel et al., 2013).

2.3.3 Gross pathology

Skin anomalies (haemorrhages, ulcerations, presence of sloughed skin) are the main pathological
findings (Martel et al., 2013).

2.3.4. Modes of transmission and life cycle

Colonial or monocentric thalli of this fungus develop inside host epidermal cells and produce motile
zoospores or walled, encysted spores, both of which are infectious stages. Zoospores are released
through one or several discharge tubes. While motile spores actively swim towards a suitable substrate
(e.g. a host), the encysted spores float at the water—air interface and passively adhere to a passing
host (Stegen et al., 2017). In vitro, developing thalli form fine rhizoids. Mature thalli in vitro are between
16 and 50 pum in diameter, in vivo between 7 and 17 pm; zoospores are approximately 5 pum in
diameter. Motile zoospores are roughly spherical, the nucleus is located outside of the ribosomal mass,
with aggregated ribosomes, multiple mitochondria and numerous lipid globules. The position of the
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non-flagellated centriole in free swimming zoospores varies from angled to parallel to the kinetosome
(Martel et al., 2013).

There are no indications of vertical transmission. However, this cannot be excluded in species giving
birth to metamorphosed offspring (e.g. Salamandra atra, Salamandra lanzai, Lyciasalamandra
helverseni). Horizontal transmission occurs through direct contact or contact with contaminated soil or
water (Stegen et al., 2017). Infectious stages include the motile zoospore and the environmentally
resistant encysted spores (Stegen et al.,, 2017). Infections can be reproduced under experimental
conditions by topically applying a Bsal inoculum on the dorsum of amphibians and housing the
exposed animals at 15°C (Martel et al., 2013; 2014; Stegen et al., 2017). This inoculum can either
contain motile zoospores or the immobile, encysted spores.

Pathways of Bsal dispersal within Europe are poorly understood but may be anthropogenic (e.qg.
through contaminated material). Zoospores attach to bird feet, suggesting birds may spread Bsal over
larger distances (Stegen et al., 2017). Direct animal-to-animal contact is necessary for transmission of
Bsal: salamanders only separated by 1 cm from infected conspecifics were not infected in laboratory
trials, in contrast to co-housed animals (Spitzen-van der Sluijs et al., 2018). Overall, dispersal ability of
Bsal in Europe currently seems limited: Bsal was found not to be transmitted to a neighbouring site in
the Netherlands, despite being downstream of a small stream, and the current distribution of Bsal in
Europe is probably not continuous (Spitzen-van der Sluijs et al., 2018).

Although Bsal dispersal between populations is now hypothesised to be mainly human mediated, other
factors (e.g. wildlife, water) may play key roles and critical knowledge about Bsal dispersal is currently
lacking.

2.3.5. Environmental and management factors

The Bsal type strain AMFP13/1 tolerates temperatures up to 25°C but is killed at higher temperatures
(Blooi et al., 2015b-2015a). As Bsal infections have been demonstrated in aquatic newts at water
temperatures above 25°C (Laking et al., 2017; Zhiyong et al., 2018), it is likely--however; that thermal
tolerance may be Bsal lineage dependent. A temperature of 4°C results in slower progression build-up
of infection but does not reduce morbidity or mortality (Stegen et al., 2017). Desiccation is likely to be
poorly tolerated by Bsal, although data are currently lacking, and the encysted spore may be resistant
to drying (Stegen et al., 2017; Van Rooij et al., 2015). It is not known to what extent Bsal tolerates
freezing.

Co-occurrence of highly susceptible species such as fire salamanders with less susceptible species,
such as Alpine newts may facilitate density independent disease dynamics that lead to the extirpation
local extinction of the highly susceptible species (Stegen et al., 2017).

Barriers to pathogen dispersal, for example those preventing migration of infected hosts such as
amphibian fences or roads, or those preventing transmission by potential Bsal vectors including
humans, fomites and wildlife, may prevent transmission at small spatial scales (Spitzen-van der Sluijs
et al., 2018).

2.3.6. Geographical distribution

Asia is currently considered the region of origin of Bsal (Martel et al., 2014), where the infection
appears to be endemic in amphibian communities across a wide taxonomic, geographical and
environmental range, albeit at a low prevalence between 2 and 4% (Zhiyong et al., 2018). In Asia, Bsal
was shown to be widely present in urodele populations in China (People’s Rep. of), Japan, Thailand
and Vietnam. East Asia is presumed to be the native range of the fungus (Laking et al., 2017; Martel et
al., 2014; zZhiyong et al., 2018).

Europe is considered the invasive range of the fungus where Bsal was first identified during a mortality
event in fire salamanders {Salamandra—salamandra)-in Bunderbos, the Netherlands (Martel et al.,
2013). In Europe, Bsal was detected by surveys of wild susceptible species in Belgium, Germany and
the Netherlands (Martel et al., 2014; Spitzen-van der Sluijs et al., 2016), and in captive urodele
populations in Belgium, Germany, the Netherlands, Spain, and the United Kingdom (Fitzpatrick et al.,
2018; Sabino-Pinto et al., 2015).

Bsal has not been reported in Africa or the Americas.

. Biosecurity and disease control strategies

2.4.1. Vaccination

Not available.

2.4.2. Chemotherapy including blocking agents

A combined treatment using Polymyxin E, voriconazole and a temperature regime of 20°C has been
shown to be effective in eradicating Bsal from infected hosts (Blooi et al., 2015c—2015b). If the

treatment is not performed properly and does not achieve eradication, low level carriers are created
and the likelihood of Bsal detection, is reduced.

2.4.3. Immunostimulation
Not available.
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2.4.4. Breeding resistant strains

No information available.
2.4.5. Inactivation methods

Bsal is sensitive to a wide variety of disinfectants (Van Rooij et al., 2015). Inactivation using formalin
has been shown to hamper DNA detection using real-time PCR-gRCR. Bsal is killed within 30 seconds
in 70% ethanol (Van Rooij et al., 2017). Inactivation in 70% ethanol allows for subsequent molecular
tests yet is less suitable for histopathology. The Bsal type strain AMFP 13/1 is killed at temperatures
exceeding 25°C; consequently, inactivation of this fungus can be achieved through heat treatment by

autoclaving (Martel et al., 2013).

2.4.6. Disinfection of eggs and larvae
No information available.

2.4.7. General husbandry

In captivity, pathogen detection is difficult due to low prevalence in subclinically infected animals that
often carry Bsal at low intensities (Martel et al., 2014; Zhiyong et al., 2018). These subclinically infected
animals often belong to (but are not restricted to) taxa of Asian urodeles. Highly susceptible species
(such as fire salamanders—Salamandra—salamandra) may serve a sentinel function. Temperature
regimes in captivity may strongly interfere with pathogen detection. Temperatures higher than 20°C
(and below 25°C) severely impair pathogen proliferation in the host skin (Blooi et al., 2015b-2015a) and
may result in infections that cannot be detected.

Heat treatment can be used to clear infection with Bsal in thermotolerant salamander species (Blooi et
al., 2015a).

3.Specimen selection, sample collection, transportation and handling

This Section draws on information from Sections 2.2., 2.3. and 2.4. to identify populations, individuals and
samples which are most likely to be infected.

3.1. Selection of populations and individual specimens

In case of disease or mortality in urodeles in captivity, sampling should be focused primarily on
diseased or moribund animals (i.e. those showing skin lesions and abnormal behaviour). In a
population with ongoing disease and mortality, live but diseased animals are preferentially sampled.
The second choice is dead animals. Only freshly dead animals should be sampled as detectability of
Bsal deteriorates post-mortem (Thomas et al., 2018). However, in the absence of diseased or freshly
dead animals, apparently healthy animals can be sampled.

Similarly, in wild populations, sampl houl ken preferentially from di -e¢, moribund or
freshly dead animals-sheuld-preferentially-be-sampledbut; however, as these may quickly be removed
(i.e. through predation, scavenging) only healthy animals may enly be available. Populations which
have declined or where dead animals have been observed should be targeted.

3.2. Selection of organs or tissues

The only relevant tissue is skin tissue and probably only from amphibians post-metamorphosis. Both
invasive (skin biopsies) and non-invasive (cotton tipped swabs) samples sampling-are appropriate,
given the apical shedding of Bsal spores. In dead animals, dorsal skin is the preferred tissue, given its
slower post-mortem decay (Thomas et al., 2018).

3.3. Samples or tissues not suitable for pathogen detection
Any-other tTissues other than skin is are not suitable for the detection of Bsal in amphibians.
3.4. Non-lethal sampling

Non-lethal sampling is possible, either by collecting skin biopsies (toeclips or tailclips) or by non-
invasively collecting samples using cotton tipped swabs. The latter is preferred given its minimal impact
on animal welfare-well-being. As Bsal is limited to the superficial skin layers of the amphibian host, non-
lethal sampling results are equivalent to lethal sampling results. ia-the-absence-of-otherBsal-specific
diagnestic-tests{other-than-the-laborious-isolation-of thefungus),—Large numbers of animals can be

sampled using skin swabs with minimal effects on animal welfare. Cotton tipped swabs should be
rubbed firmly over the abdomen (10 times), the underside of a foot (10 times) and the ventral tail (10
times) using the tip of the swab. The use of disposable gloves for manipulating amphibians is highly
recommended.
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3.5.

Preservation of samples for submission

3.5.1. Samples for pathogen isolation

Bsal isolation is a very-laborious procedure, requiring up to two months to obtain fer-ebtaining-a pure
culture from a clinical sample. Isolation from animals that died due to Bsal infection is hampered by
bacterial overgrowth. The best sample for Bsal isolation is a diseased, living animal, which is
euthanised just prior to an isolation attempt. Before sampling diseased animals should be kept at
temperatures between 5 and 15°C to avoid clearance of infection (Blooi et al., 2015b-20153).

3.5.2. Preservation of-Fixed-samples for molecular detection

Tissue samples for PCR testing should be preserved in 70-90% (v/v) analytical/reagent-grade
(undenatured) ethanol. The recommended ratio of ethanol to tissue is 10:1. The use of lower grade
(laboratory or industrial grade) ethanol is not recommended. If material cannot be fixed it may be
frozen.

Skin swabs should be stored dry and preferably frozen.

3.5.3. Fixed Preservation of samples for histopathology,
immunohistochemistry or in-situ hybridisation

Skin samples for histopathology should be fixed immediately after collection. The recommended ratio
of formalin (10%) to tissue is 10:1.

3.5.4. Fixed Preservation of samples for electron microscopy

For transmission electron microscopy, skin samples can be fixed in glutaraldehyde in 0.05 M sodium
cacodylate buffer and 1% osmium tetroxide post-fixation (Martel et al., 2013).

3.5.5. Samples for other tests

Not applicable.

. Pooling of samples

Pooling of up to four five-skin swab samples appears to allow reliable detection of Bsal in clinically
affected animals (Sabino-Pinto et al., 2048-2019a; 2019b) but estimates of en-the impact on diagnostic
performance of the test eharaeteristies—have not been determined. Given low infection intensities in
subclinically infected animals, sampling and testing of individual animals is recommended.

4 .Diagnostic methods

The methods currently available for identifying infection that can be used in i) surveillance of apparently
healthy populations), ii) presumptive and iii) confirmatory diagnostic purposes are listed in Table 4.1. by life
stage. The designations used in the Table indicate:

Key:
+++ =

Recommended method(s) validated for the purpose shown and usually to stage 3 of the OIE
Validation Pathway;

Suitable method(s) but may need further validation;

May be used in some situations, but cost, reliability, lack of validation or other factors
severely limits its application;

Shaded boxes = Not appropriate for this purpose.

The selection of a test for a given purpose depends on the analytical and diagnostic sensitivities and
specificities repeatability and reproducibility. OIE Reference Laboratories welcome feedback on diagnostic
performance for assays, in particular PCR methods, for factors affecting assay analytical sensitivity or
analytical specificity, such as tissue components inhibiting amplification, presence of nonspecific or uncertain
bands, etc., and any assays that are in the +++ category.
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Table 4.1. OIE recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and
investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of clinically C. Confirmatory diagnosis’ of a suspect
animals affected animals result from surveillance or presumptive
Method diagnosis
[amend or delete as relevant] . Early . . .
Barlylife | ) veniles? | Adults | LV e | VoMl | Aquits | Lv Earlylife | Juvenile | pqys | Lv
stages 2 S stages S
stages
Wet mounts + + + 1 + + + 1 1
Histopathology® + + + 1 +t ++ ++ 1 1
Cell or artificial media culture + + + 1
Real-time PCR +++ +++ +++ 2 +++ +++ +++ 2 +++ +++ +++ 2
Conventional PCR
Amplicon sequencing*
In-situ hybridisation
LAMP
Lateral flow assay + + + 1 ++ + ++ 1 1
Immunohistochemistry

LV = level of validation, refers to the stage of validation in the OIE Pathway (Chapter 1.1.2.); PCR = polymerase chain reaction; LAMP = loop-mediated isothermal
amplification.
'For confirmatory diagnoses, methods need to be carried out in combination (see Section 6). 2Early and juvenile life stages have been defined in Section 2.2.4.
3Cytopathology and histopathology can be validated if the results from different operators has been statistically compared. *Sequencing of the PCR product.
Shading indicates the test is inappropriate or should not be used for this purpose.

EU comment

We have identified what it seems to be an apparent contradiction in pages 90 to 92, table 4.1 and the text in section 4.4.1.
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In Section 4, where the keys are described for the diagnostic methods, key +++ corresponds to recommended methods validated for the
purpose shown and usually to stage 3 of the OIE Validation Pathway

According to section 4.4.1, TagMan PCR has been partially validated to level 2 without however, stating its intended purpose.
Furthermore, SYBR green real-time PCR also needs further validation.

Based on the above, we believe that real-time PCR in table 4.1 should therefore be scored as ++ (not as +++).
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4.1. Wet mounts

Wet mounts of skin scraping or pieces of shed skin can be examined at magnification 10x using light
microscopy. The presence of motile spores of approximately 5 um are indicative of amphibian chytrid
infection.

4.2. Histo- and cytopathology

—Histopathology of skin in amphibian post-metamorphosis
may provide strong indications of Bsal infection. In a-haematoxylin/eosin staining-of-skin-stained sections,
histopathological evidence suggestive of Bsal infections of skin, is-multifocal epidermal necrosis with loss
of distinction between layers of keratinocytes associated with myriad intracellular and extracellular chytrid-
type fungal thalli provides histopathological evidence of Bsal infection (Martel et al., 2013; White et al.,
2016). Using immunohistochemistry, Bsal thalli can be stained, which aids in detecting low level infections
(Thomas et al., 2018). Histopathology is highly indicative, yet does not allow specific—definitive
identification of Bsal, which needs further confirmation. In randomly collected skin samples from
experimentally infected salamanders, histopathology was capable of detecting Bsal in only a minority of
the samples (Thomas et al., 2018). In dead animals, post-mortem decay of the epidermis may mask the
lesions (Thomas et al., 2018). Lesions can be so extensive, that the epidermis is entirely eroded and no
fungal thalli can be observed. Mild infections can be missed due to the multifocal and small lesions
(Thomas et al., 2018). Fer-asymptomatically-In subclinically infected animals, sensitivity should be rated

low. Sensitivity—In _clinically affected animals, sensitivity and specificity of histopathology and
immunohistochemistry have not been quantified.

No reports are available on the use of cytopathology.
4.3. Cell or artificial media culture for isolation

Bsal can be isolated and cultured on artificial media, yet this is a laborious and difficult procedure, typically
requiring between 4 weeks and 2 months. There is a significant probability of bacterial overgrowth, which
hampers fungal isolation, resultlng in poor sensitivity. The protocol of Fisher et al. (2018) can be used.
Small (approximately 1 mm ) pieces of skin from an infected, diseased animal should first be thoroughly
cleaned by wiping through agar plates. The cleaned pieces of skin can then each be transferred to a well
of a 96-well plate, containing tryptone-gelatin hydrolysate lactose broth (TGhL) containing
penicillin/streptomycin (200 mg/litre) and incubated at 15°C. Wells showing chytrid growth without
bacterial contamination can be used for subculturing (Martel et al., 2013). Chytrid growth can be
visualised by examining the wells under an inverted microscope (10-40 x magnification).

Given the difficulties to isolate Bsal from infected animals and the high uncertainty to obtain a viable

culture, this method is not appropriate as first-diaghestic-approach-a routine diagnostic method, but {in
rare cases) may be useful to confirm infection and-fer or to obtaining isolates for research-{ferexamplefor

4.4. Nucleic acid amplification
4.4.1. Real-time PCR

The following information is derived from Blooi et al. (2013), Thomas et al. (2018) and Sabino Pinto et al.
(2018) DNA from skln swabs can be extracted using commermal DNA extraction klts m—}OQ—pH—Flrepman

diluted tenfold to minimise pOSSIb|e PCR |nh|b|t|on Controls should be run with each assay: at least a
negative extraction control and a positive control; preferably, an internal PCR control is included. Positive
control consists of DNA extracts of a tenfold dilution series of Bsal zoospores from 1 to 100.000 to allow
guantification.

A TagMan PCR has been partially validated to level 2 without however, stating its intended purpose
(Thomas et al., 2018). SYBR green real-time PCR, may be used as well but needs further validation to

determine specificity and sensitivity (Martel et al., 2013). The TagMan PCR can either be used as simplex
PCR or in combination with primers to detect B. dendrobatidis in a duplex PCR (Blooi et al., 2013) and
uses the forward primer STerF (5-TGC-TCC-ATC-TCC-CCC-TCT-TCA-3’), reverse primer STerR (5'-
TGA-ACG-CAC-ATT-GCA-CTC-TAC-3’) and Cy5 labelled probe STerC (5-ACA-AGA-AAA-TAC-TAT-
TGA-TTC-TCA-AAC-AGG-CA-3’) to detect the presence of the 5.8S rRNA gene of Bsal. Intra- and
interassay efficiency were 94 and 99%, respectively (Blooi et al., 2013). This
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TagqMan duplex PCR does not decrease detectability of both Bd and Bsal, except in case of mixed
infections (Thomas et al., 2018). The use of simplex Bsal-specific PCR is therefore recommended in case
Bd has been detected in the sample. The sensitivity of this real-time gPCR is between 96 and 100% and
diagnostic specificity 100% (95% CI: 73—100%; Thomas et al., 2018) when used in clinically affected
animals. Although DNA quantities as low as 0.1 genomic equivalent can be detected (Blooi et al., 2013),
Thomas et al. (2018) recommend a threshold of 1 genomic equivalent per reaction to reduce the
likelihood of false positive results. Borderline results (< 1 GE per reaction) should be classified as suspect
and need confirmation by sequencing (or isolation).

Samples are preferably run in duplicate. A sample is considered positive based on the combination of
(1) the shape of the amplification curves (2) positive results in both duplications, (3) returning GE values
above the detection threshold (1 GE per reaction) (4) low variability between duplicates (< 0.3 Ct value).

4.4.2. Conventional PCR (PCR)
Fhe-use-ofreal-time- PCR-isrecommended--No conventional PCR protocol has been validated.

4.4.3. Other nucleic acid amplification methods

None validated.

4.5. Amplicon sequencing

No conventional PCR protocol has been validated.

4.6. In-situ hybridisation -(and-histeoimmunochemistry)

No In-situ hybridisation: ae-validated protocols are available.

4.7. Immunohistochemistry

Immunohistochemistry is currently not Bsal specmc due to the Iack of Bsal specmc antlbodles (Dillon et
I 2017 Thomas et al., 2018) v ,

4.8. Bioassay

Not available.

4.9. Antibody-based or antigen detection methods

A lateral flow assay (LFA) using an IgM monoclonal antibody (MAb) was developed to detect infection in
amphibian skin samples. This MAb does not discriminate between B. salamandrivorans, B. dendrobatidis
and Homolaphlyctis polyrhiza (Dillon et al., 2017-20816). The sensitivity of this test is likely to be lower than
that of the real-time gPCR (Dillon et al., 2017): in experimentally Bd inoculated frogs, 1/5 animals tested
positive in LFA compared to 4/5 using real-time gPCR. This would make this technique most useful in
animals with high infection loads. Such techniques may be useful for point-of-care testing if specificity is
increased and provided thorough validation.

4.10. Other sereoleogieal-methods
Not applicable
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5.Test(s) recommended for surveillance to demonstrate freedom in

apparently healthy populations

The use of real-time PCR on skin swabs is recommended for surveillance.

.Corroborative diagnostic criteria

This Section only addresses the diagnostic test results for detection of infection in the presence—absence
(Section 6.1.) or in the presence absenrece—of clinical signs (Section 6.2.) but does not evaluate whether the
infectious agent is the cause of the clinical event.

The case definitions for a suspect and confirmed case have been developed to support decision making related
to trade and confirmation of disease status at the country, zone or compartment level. Case definitions for
disease confirmation in endemically affected areas may be less stringent.

6.1. Apparently healthy animals or animals of unknown health
status?®

Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an
epidemiological link(s) to an infected population. Geographic proximity to, or movement of animals or
animal products or equipment, etc., from a known infected population equate to an epidemiological link.
Alternatively, healthy populations are sampled in surveys to demonstrate disease freedom.

Such surveys typically consist of non-invasive sampling using skin swabs that are examined for the
presence of Bsal using real-time PCR. When applied to animals in the wild, confirmation by using a
complementary technique, other than sequencing the PCR product, is often not feasible.

6.1.1.Definition of suspect case in apparently healthy animals

The presence of infection with Bsal shall be suspected if a-pesitiveresult-has-been-obtained-on-atleast-one
animalfrom-at-least-one of the following diaghestic-tests-criteria is met:

i) Positive result by real-time PCR.

ii)  Histopathological changes {ireluding—immuneohistechemistry)—consistent with the presence of the

pathogen or the disease.
iii)  The presence of motile spores, compatible with chytrid zoospores, in wet mount of urodele skin.
6.1.2.Definition of confirmed case in apparently healthy animals

The presence of infection with Bsal is confirmed if-pesitive—resultshave been—obtained-on—atleast, in
addition to the criteria in Section 6.1.1., one animal-from-two-testsused-in—of the following cembination

criteria is met:

i)  Positive result by real-time PCR. en—skin—swab—or—skin—tissue,—and—byhistopathelogy—or
) stochemi Kinti .

i) Positiveresult-by real-time-PCR-on-skin-swab-or-skin-tissue—and-Pathogenic agent isolation from the
skin in culture and eenfirmation-identification by real-time PCR.

2

For example transboundary commodities.

OIE Aquatic Animal Health Standards Commission/February 2020



105

Annex 12 (contd)

6.2. Clinically affected animals

Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of possible
diagnoses.

6.2.1. Definition of suspect case in clinically affected animals
The presence of infection with Bsal shall be suspected if at least one of the following criteria is met:

i) Clinical signs (haemorrhages, ulcerations, presence of sloughed skin, see Section 2.3.2.), notably the
presence of skin ulcers and/or disecdysis.

i)  Positive result by real-time PCR, en-atleastone-swab-or-skin-tissue.
iii)  Histopathological changes consistent with the presence of the pathogenic agent or the disease.

iv)  Visual observation (by microscopy) of motile spores, compatible with amphibian chytrid zoospores, in
a wet mount of the skin of at least one diseased urodele.

v) Positive result of antigen detection technigue-such-as by LFA.

6.2.2. Definition of confirmed case in clinically affected animals

The presence of infection with Bsal is confirmed if, in_addition to the criteria in Section 6.2.1., pesitive
resulis-have-been-obtained-on-atleast-one-animatrom two-testsused-in-one of the following combination

diagnestic-tests-criteria is met:

i)  Positive result by real-time PCR, en-skin-swab-or-skin-tissue-and-by-histopathelegy.

i) Peositiveresultbyreal-time-PCR-on-skin-swab-orskin-tissuerand-Pathogenic agent isolation from the
skin in culture and identification by real-time PCR-and-confirmation-byreal-time-PCR.

6.3. Diagnostic sensitivity and specificity for diagnostic tests

The diagnostic performance of tests recommended for surveillance or diagnosis of infection with Bsal are
rovi in_Tabl . This information can for th ign_of for_infection with Bsal

however, it should be noted that diagnostic performance is sgecmc to the cwcumstances of each dlagnostl

avallable W|th|n Qubllshed diagnostic accuracg studles

Table 6.1. Diagnostic performance of tests recommended for surveillance or diagnosis

Test Test Source Tissue or Species DSe | DSp Reference Citation

type | purpose |populations |sample types n (n) test -
Experimentally

Real- infected N

ime. Diaanosi salamanders Skin sw Salamandra 96-100 | 100 Droplet digital Thomas et

PC (clinical and e salamandra (26) (12) PCR al. (2018

= subclinical
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* *

NB: There are currently no OIE Reference Laboratories for infection with Batrachochytrium salamandrivorans
NB: First adopted in 2020.
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CHAPTER 2.3.4.

INFECTION WITH INFECTIOUS
HAEMATOPOIETIC NECROSIS VIRUS

EU comment
The EU thanks the OIE and in general supports the proposed changes to this chapter.
One comment inserted within the text below.

1. Scope

Infection with infectious haematopoietic necrosis virus means infection with the pathogenic agent Salmonid
novirhabdovirus (commonly known as infectious haematopoietic necrosis virus [IHNV]) of the Genus
Novirhabdovirus and Family Rhabdoviridae.

2.Disease information
2.1. Agent factors
2.1.1.Aetiological agent

IHNV consists of a bullet-shaped particle of approximately 150-190 nm in length and 65—75 nm in diameter
that encapsulates a non-segmented, negative-sense, single-stranded RNA genome of approximately
11,000 nucleotides. The viral genome codes for six proteins in the following order: a nucleoprotein (N), a
phosphoprotein (P), a matrix protein (M), a glycoprotein (G), a non-virion protein (NV), and a polymerase
(L). Due to the primary position of the nucleoprotein gene on the IHNV genome, nucleoprotein transcripts
and protein are the first and most abundant during viral infection and is typically the preferred target of
diagnostic tests. The glycoprotein forms spike-like projections on the surface of the mature virion and is the
primary antigenic component of the virus such that anti-glycoprotein serum is sufficient to neutralise
infections.

The type strain of IHNV is the Western Regional Aquaculture Center (WRAC) strain available from the
American Type Culture Collection (ATCC VR-1392). The GenBank accession number of the genomic
sequence of the WRAC strain is L40883 (Morzunov et al., 1995; Winton & Einer-Jensen, 2002).

Phylogenetic analyses based on G-gene nucleotide sequences have classified IHNV isolates into five major
genogroups denoted U, M, L, E, and J that correspond to geographical location rather than host species
(Cieslak et al., 2017; Enzmann et al., 2005; 2010; Johansson et al., 2009; Kim et al., 1999; Kolodziejek et
al., 2008; Kurath et al., 2003; Nishizawa et al., 2006). Nevertheless, IHNV displays a strong
phylogeographic signature reflecting the host species from which the virus is most commonly isolated in
various geographical areas (e.g. sockeye salmon [Oncorhynchus nerka] in the Northeast Pacific — U
genogroup; Chinook salmon [Oncorhynchus tshawytscha] in California, USA — L genogroup; and rainbow
trout [Oncorhynchus mykiss] in Europe, Asia, and Africa (Mulei et al., 2019) and ldahe;-USA — E, J and M
genogroups, respectively). Additionally, experimental infections demonstrating that U and M genogroup
viruses had higher virulence in sockeye salmon and rainbow trout, respectively (Garver et al., 2006),
supports the observation that IHNV strains isolated from its historical phylogeographic host tends to be
more virulent for the same species in comparison to other species.

2.1.2.Survival and stability in processed or stored samples

IHNV stability in host tissues during storage and processing is largely influenced by temperature. The virus
is more stable at lower temperature and remained infectious for at least 3 days at 4°C in naturally infected
or IHNV-seeded tissue (Burke & Mulcahy, 1983; Gosting & Gould, 1981; Hostnik et al., 2002; Pietsch et al.,
1977). For long-term survival of infectious virus, tissues should be stored at temperatures below —20°C
(Burke & Mulcahy, 1983; McClure et al., 2008). The preferred method for retaining infectious virus is to
maintain the IHNV sample on ice with rapid processing and inoculation of cell cultures as soon as possible
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due to the progressive reduction in titre with increasing temperature (Barlic-Maganja et al., 2002; Gosting &
Gould, 1981).

2.1.3.Survival and stability outside the host

IHNV can survive outside the host tissue in fresh water and sea water, but is imnpacted—affected bg
temperature, ultraviolet (UV) exposure, microbial community and suspended sediments. At4°€—-15°C. 10

m SINAY N ned-dete u n aitha Kall a

2014y For all genotypes, inactivation rates are reduced at lower water temperatures and virions remain
infectious for longer in freshwater compared with seawater (Kell et al., 2014). However, when exposed to

sunlight (UV-A and UV-B), IHNV at the water surface is rapidly inactivated with six orders of magnitude of
virus rendered non-infectious within 3 hours (Garver et al., 2013). In addition, infectious virus is inactivated
by the microbial community within the water source and with increased amounts of suspended. sediments
(Garver et al., 2013; Kamei et al., 1987).

For inactivation methods, see Section 2.4.6.

Host factors

2.2.1.Susceptible host species

Species that fulfil the criteria for listing as susceptible to infection with IHNV according to Chapter 1.5 of
Aquatic Animal Health Code (Aquatic Code) are:

Family Scientific name Common name
Esocidae Esox lucius Northern pike
Salmo marmoratus Marble trout
Salmo salar Atlantic salmon
Salmo trutta Brown trout
Salvelinus alpinus Arctic char
Salvelinus fontinalis Brook trout
Salvelinus namaycush Lake trout
Salmonidae Oncorhynchus clarki Cutthroat trout

Oncorhynchus tshawytscha

Chinook salmon

Oncorhynchus keta

Chum salmon

Oncorhynchus kisutch

Coho salmon

Oncorhynchus masou

Maseu salmon

Oncorhynchus mykiss

Rainbow trout

Oncorhynchus nerka

Sockeye salmon

2.2.2.Species with incomplete evidence for susceptibility

Species for which there is incomplete evidence to fulfil the criteria for listing as susceptible to infection with

IHNV according to Chapter 1.5 of the Aquatic Code are: White sturgeon (Acipenser transmontanus),

European eel (Anguilla anguilla), Tube-snout (Aulorhynchus flavidus), Pacific herring (Clupea pallasii
Shiner perch (Cymatogaster aggregate) and Turbot (Scophthalmus maxima).

- ey
Ay : :
DCIPERS Ie' soi 1EHPe 'Se'.ﬁ'a ISt IB‘II tanus e b gook
Adlorhynchidae AelerhyrehustHavidus Tube-snout
;Ilu_peld_ale : SRS e : ale_lle e Ilg
Schophthalmidae Scophthalmus-maxdima TFurboet

In addition, pathogen-specific positive polymerase chain reaction (PCR) results have been reported in the
following species, but an active infection has not been demonstrated: Common carp (Cyprinus carpio) and
American yellow perch (Perca flavescens).
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- Scientin -
i ? ~ori -
Percidae Perca flavescens American-yellow-perch

2.2.3.Non-susceptible species
None known.

2.2.4.Likelihood of infection by species, host life stage, population
or sub-populations

IHNV predominantly infects salmen—and-treutsalmonid species with fry being the most highly susceptible
stage (LaPatra, 1998). Resistance to infection typically increases with fish age until the spawning stage.
Returning adult spawning salmon, can be highly infected and shed large amounts of virus in ovarian fluid
and milt despite ataek the absence of clinical disease (Dixon et al., 2016).

2.2.5.Distribution of the pathogen in the host

IHNV targets haematopoietic tissue and is most commonly isolated from kidney and spleen tissues. The
virus has also been isolated from gill, oesophagus, intestine, stomach, pyloric caeca, liver, brain, heart,
thymus, adipose tissue, muscle, skin, fin and mucous (Drolet et al., 1994; Harmache et al., 2006; LaPatra et
al., 1989; Yamamoto et al., 1990). In spawning fish IHNV has also been isolated in ovarian fluid and milt
(Mulcahy et al., 1982).

2.2.6.Aquatic animal reservoirs of infection

Field surveillance programmes and experimental infection trials have documented subclinical IHNV
infections in various salmon and trout species (Knusel et al., 2007; Mulcahy et al., 1984; Pascoli et al.,
2015; St-Hilaire et al., 2001; Traxler et al., 1997). Survivors of laboratory exposures have demonstrated
IHNV persistence for months to over one-year post-exposure (Drolet et al., 1995; Foott et al., 2006; Kim et
al.,, 1999; Muller et al., 2015). With the exception of high viral load occurring in subclinically infected
spawning adult salmon, the IHNV levels associated with subclinical infections tend to be lower than in fish
undergoing clinical disease.

2.2.7.Vectors

A single study has demonstrated that adult salmon lice, Lepeophtheirus salmonis are capable of acquiring
and transmitting IHNV to naive Atlantic salmon through parasitism (Jakob et al., 2011). Regardless of
whether salmon lice acquired IHNV through water bath exposure or after parasitising IHNV-infected fish, the
duration of virus association with salmon lice diminished rapidly with infectious virus levels falling below cell
culture detection limits within hours. IHNV has also been isolated from freshwater invertebrates (e.qg.
leeches, copepods, and mayflies), however, their capacity to transmit virus is unknown (Dixon et al., 2016;
Garver & Wade, 2017).

2.3. Disease pattern
2.3.1.Mortality, morbidity and prevalence

Depending on the species of fish, rearing conditions, temperature, and virus strain, outbreaks of infection
with IHNV may range from acute to chronic. An outbreak of infection with IHNV in farmed Atlantic salmon in
British Colombia resulted in cumulative losses on affected farms between of 20 and 94% (Saksida, 2006).
In chronic cases, losses are protracted and fish in various stages of disease can be observed in the pond.
The prevalence of infection in chronic cases remains unknown. The limited available data indicated that
prevalence of infection with IHNV can be high (59%) in endemically infected rainbow trout farms in Europe
(reviewed by Dixon et al., 2016).

IHNV is endemic among populations of free-ranging salmonids throughout much of its historical range along
the west coast of North America. Sockeye salmon have incurred losses of up to 99%-36.9% at the fry stage
(kurath-etal;2003-Mevers et al., 2003). As-thefishWith ages, the prevalence of infection decreases with in
marine phase sockeye salmon smolts, and the-prevalence-of-infection in adults is generally low (<15%) to
undetectable. However, the prevalence of infection can again reach high levels in mature adult spawning
sockeye salmon, with long-term studies revealing greater than 50% prevalence in wild populations (Meyers
et al., 2003).
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2.3.2.Clinjical signs, including behavioural changes

Fish with acute infection with IHNV can exhibit lethargy interspersed with bouts of frenzied, abnormal
activity. During outbreaks, fish can display spiral swimming, flashing, and have trailing faecal casts. Fish
may also show darkening of the skin, exophthalmia, distended abdomen and external haemorrhaging. In
instances where fish survive an outbreak, spinal deformities may become evident (Bootland & Leong,
1999).

2.3.3 Gross pathology

Gross observations are non-pathognomonic and ean-invelve may include ascites, pale gills, liver, kidney
and spleen, petechial haemorrhaging, yellow mucous in the intestine and a lack of food in the stomach
(Bootland & Leong, 1999; Traxler, 1986).

2.3.4.Modes of transmission and life cycle

The transmission of IHNV between fish is primarily horizontal through direct contact with virus contaminated
water or V|a cohabltatlon Wlth IHNV |nfected fish (Bootland & Leong, 1999). Hewevevf—eases—ef—vemeal—er
& 985)-Ther insufficient eviden

monstr. rvrllrnmlln kfIHNV It of mvmnllkl rr
as a result of |nade uate dlsmfectlon of moderaterl infected or untested broodstock D|xon et al., 2016).

EU comment

On the issue of vertical transmission of IHNV, the evidence suggests egg-associated
transmission related to the infection of the egg surfaces when the ova or milt are
infected, and the process of disinfection at collection and/or after incubation are not
effective. For this reason we suggest rewording the above sentence as follows:

“There is insufficient evidence to demonstrate true vertical transmission.
Outbreaks of IHNV as a result of egg movements likely occurred as a result of
inadequate disinfection of eggs originating from moderately infected or untested
broodstock”.

2.3.5.Environmental and management factors
The most important environmental factor affecting the disease progression is water temperature.

Experimental trials have demonstrated that IHNV can produce mortality in water temperatures from 3°C to
18°C; however clinical disease typically occurs below 15°C under natural conditions (LaPatra, 1998).

2.3.6.Geographical distribution

Cases of infection with IHNV have been reported from Europe, Asia-Pacific, Africa and the Americas. For

recent information on distribution at the country level consult the WAHIS interface
https://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home/index/newlang/en).

2.4. Biosecurity and disease control strategies

2.4.1.Vaccination

Plasmid DNA vaccines containing the gene for the IHNV glycoprotein have proven highly efficacious
against infection with IHNV resulting in the licensing of one for commercial use in Atlantic salmon net-pen
aquaculture on the west coast of North America (Alonso & Leong, 2013; Salonius et al., 2007).
Administered via intramuscular injection, an IHNV DNA vaccine was rapidly disseminated systemically
followed by plasmid persistence in muscle at the injection site (Garver et al., 2005); consequently, caution
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should be employed when testing fish vaccinated with the IHNV DNA vaccine as diagnostic methods
targeting viral G-gene nucleotide sequence or protein have the potential to cross react with the vaccine.

2.4.2.Chemotherapy including blocking agents

Chemotherapeutics, including natural compounds, have been identified to have anti-IHNV properties;
however, these have not found commercial use in aquaculture against IHNV (Winton, 1991). Direct
application of anti-IHNV compounds to cell cultures has caused growth inhibition and toxicity that could
affect the sensitivity of detecting IHNV in affected cultures (Balmer et al., 2017; Hasobe & Saneyoshi,
1985).

2.4.3.Immunostimulation

Immunostimulants are not used commercially in aquaculture for IHNV (Ooi et al., 2008).

2.4 .4 .Breeding resistant strains

Experimental trials of triploid or inter-species hybrids have been conducted (Barroso et al., 2008; Winton,
1991) with resistance typically determined early in the infection process and associated with lower early
viral replication (Purcell et al., 2010). However, no resistant strains are commercially available.

2.4.5.Inactivation methods

IHNV is readily inactivated by common disinfectants with active ingredients such as sodium hypochlorite,
iodophor, benzalkonium chloride, saponated cresol, formaldehyde and potassium permanganate solution
(Yoshimizu et al., 2005). As these substances have virucidal properties any carry-over on sampling
equipment or contact with samples may result in reduced viral titres:

2.4.6.Disinfection of eggs and larvae

lodophor disinfection of eggs is a common practice to effectively mitigate egg-associated transmission of
IHNV (Bovo et al., 2005). Chapter 4.4. of the Aquatic Code provides recommendations for surface
disinfection of salmonid eggs. lodine has been shown to inhibit PCRs (Auinger et al., 2008) and could affect
PCR testing results of disinfected eggs.

2.4.7.General husbandry

In addition to disinfection of eggs (according to Chapter 4.4 of the Aquatic Code), use of a virus-free water
supply and decreasing rearing densities have significant positive effects in the management of IHNV.
Transmission of IHNV increases with host density (Ogut & Reno, 2004).

3.Specimen selection, sample collection, transportation and handling

This section draws on information in Sections 2.2, 2.3 and 2.4 to identify populations, individuals and samples
which are most likely to be infected.

3.1. Selection of populations and individual specimens

Clinical inspections are-best-should be carried out during a period whenever the water temperature is below
14°C, or whenever the water temperature is likely to reach its lowest annual point. All production units (ponds,
tanks, net-cages, etc) must—should be |nspected for the presence of dead, Weak or abnormally behaving
fish . Particular attention
should be pa|d to the water outlet area, Where weak fish tend to accumulate due to the water current.

gr thg g;; gg§g§ g gsgggg §;;rvgrllgngg! § ;g gg §g ggg g e §g gg;gg as follows: H-additional-fish-are

of abnormal mortali otentral exposure events e.q. via untreated surface Water wild harvest or

replacement with stocks of unknown disease status). In farms with salmonids, if rainbow trout are

present, only fish of that species should be selected for sampling. If rainbow trout are not present, the
sample has to be obtained from fish of all other IHNV-susceptible species.

OIE Aquatic Animal Health Standards Commission/February 2020



115

ii) If more than one water source is used for fish production, fish from all water sources should be
included in the sample.

iii If weak, abnormally behaving or freshly dead (not decomposed) fish are present, such fish should be
selected. If such fish are not present, the fish selected should include normal appearing, healthy fish
collected in such a way that all parts of the farm as well as all year classes are proportionally
represented in the sample.

houl llected. Ideally fish shoul llected while alive, however recentl fish can al
lect for diagnostic testing. It shoul not however, that there will ignificant risk of
ntamination with environmental teria if the animals hav n for some time. There m n
linical signs or gr hognomonic lesions in f n mortali

3.2. Selection of organs or tissues

The optimal tissues material-to-be-examined-is-are spleen, anterior kidney, and either heart or brain. In the
case of spawning fish, ovarian fluid and milt may be taken-examined.

In the case of small fry, whole fish less than 4 cm long can be homogenised (using, for example, sterile
scissors or a scapel) after removal of the body behind the anal pore-gut-epenring. If a sample consists of
whole fish with a body length between 4 cm and 6 cm, the viscera including kidney should be collected. For
larger size fish, kidney, spleen, heart, encephalon, and ovarian fluid from brood fish at the time of spawning,
should be the tissues to be sampled. When—pessible—Samples should be taken in duplicate to permit
retesting if needed.

3.3. Samples or tissues not suitable for pathogen detection

IHNV is very sensitive to enzymic degradation, therefore sampling tissues with high enzymatic activities or
large numbers of contaminating bacteria, such as the intestine or skin, should be avoided when possible.
Given the haematopoietic nature of IHNV, muscle tissue should be avoided as a target tissue. The yolk sac
of fry has also shown toxicity to cell lines and should be removed before inoculating cells for virus isolation.
Preservatives and fixatives, such as RNAlater and formaldehyde can be toxic to tissue culture cells such as
epithelioma papulosum cyprini (EPC) and fathead minnow (FHM), and can impact molecular detection
methods (Auinger et al., 2008; Pham et al., 2018).

3.4. Non-lethal sampling

Ovarian fluid and milt-are suitable samples for detection of IHNV in spawning adult salmon and trout (Dixon
et al., 2016; Meyers et al., 2003). There is evidence that IHNV may be isolated from gill, fin and mucous
samples but detection may be impacted by the state of infection, time since exposure and sample size
(Burbank et al., 2017; LaPatra et al., 1989).

3.5. Preservation of samples for submission
For guidance on sample preservation methods for the intended test methods, see Chapter 2.3.0.

3.5.1.Samples for pathogen isolation

The success of pathogen isolation and results of bioassay depend strongly on the quality of samples (time
since collection and time in storage). Fresh specimens should be kept on ice and preferably sent to the
laboratory within 24 hours of collection. Alternate storage methods should only be used after consultation
with the receiving laboratory.

Before shipment or transfer to the laboratory, pieces of the organs to be examined should be removed from
the fish with sterile dissection tools and transferred to sterile plastic tubes containing transport medium, i.e.
cell culture medium with 10% fetal calf serum (FCS) and antibiotics. The combination of 200 International
Units (IU) penicillin, 200 pg streptomycin, and 200 pg kanamycin per ml are recommended, although other
antibiotics of proven efficacy may also be used. The tissue in each sample should be larger than the
analytical unit size required for initial laboratory testing (e.g. between 0.5 and 2 g) and taken in duplicate if
retesting may be required.
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Tubes containing fish tissues in transport medium for cell cultivation should be placed in insulated
containers, such as thick-walled polystyrene boxes, together with sufficient ice or an alternative cooling
medium with the similar cooling effect to ensure chilling of the samples during transportation to the
laboratory. However, freezing of the samples should be avoided. The temperature of a sample during transit

must never exceed 10°C, and ice must still be present in the transport box at receipt or at least one ermere
freeze blocks must still be partly or completely frozen.
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Whole fish may be sent to the laboratory if the temperature requirements referred to in the first paragraph
during transportation can be fulfilled. Whole fish should be wrapped up in paper with absorptive capacity
and enclosed in a plastic bag. Live fish may also be transported to the laboratory. All packaging and
labelling must be performed in accordance with present national and international transport regulations, as
appropriate.

The virological examination on cell culture should be started as soon as possible, and no later than
48 hours after the collection of the samples. In exceptional cases, the virological examination may be
started at the latest within 72 hours after the collection of the material, provided that the material to be
examined is protected by a transport medium, and that the temperature requirements during transportation
can be fulfilled.

3.5.2.Preservation of samples for molecular detection

Samples can be taken from the fish in accordance with the procedure described in Section 3.5.1., using a
sterile instrument, and transferred to a sterile plastic tube containing transport medium.

Alternatively, samples may be placed in at least five volumes of RNA stabilisation reagents, according to
the recommendation from the manufacturers. Samples in RNA stabilising reagents can be shipped on ice or
at room temperature if transport time does not exceed 24 hours.

Whole fish may also be sent to the laboratory (see Section 3.5.1).
3.5.3.Fixed samples for histopathology, immunohistochemistry or in-situ

hybridisation

Tissue samples for histopathology should be immediately fixed at a fixative to tissue ratio of 10:1. A suitable
fixative is 10% buffered formalin. To avoid excessive cross-linking, tissue should be transferred to ethanol
after 24hrs if methods other than histopathology are used e.g. in-situ hybridisation.

3.5.4.Fixed samples for electron microscopy

Neotrelevant: Samples for electron micr re_not routinely r ir nd ar Il nly when it i

considered beneficial to facilitate further diagnostic investigation. A 2 mm cubed section from each of the

appropriate organs described in section 3.2 should be fixed in glutaraldehyde; the recommended ratio of
fixative to tissue is 10:1.

3.5.5.Samples for other tests

Not relevant.

3.6. Pooling of samples

Pooling of samples from more than one individual animal for a given purpose should only be recommended

where supporting data on diagnostic sensitivity and diagnostic specificity are available. However, smaller
life stages (e.q. fry) can be pooled to provide a minimum amount of material for testing.

4 .Diagnostic methods

The methods currently available for identifying infection that can be used in i) surveillance of apparently healthy
populations), ii) presumptive and iii) confirmatory diagnostic purposes are listed in Table 4.1. by life stage. The
designations used in the Table indicate:

Key:

+++ = Recommended method(s) validated for the purpose shown and usually to stage 3 of the OIE
Validation Pathway;

++ = Suitable method(s) but may need further validation;

+ = May be used in some situations, but cost, reliability, lack of validation or other factors severely

limits its application;
Shaded boxes = Not appropriate for this purpose.

The selection of a test for a given purpose depends on the analytical and diagnostic sensitivities and specificities
repeatability and reproducibility. OIE Reference Laboratories welcome feedback on diagnostic performance for
assays, in particular PCR methods, for factors affecting assay analytical sensitivity or analytical specificity, such
as tissue components inhibiting amplification, presence of nonspecific or uncertain bands, etc., and any assays
that are in the +++ category.
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Table 4.1. OIE recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and
investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of clinically C. Confirmatory diagnosis’ of a suspect
animals affected animals result from surveillance or presumptive
Method = diagnosis
Barlylife | ) veniles? | Adults | LV e | VoMl | aquis | Lv Barly life | Juvenile | zqs | Lv
stages 2 S stages s
stages
Wet mounts
Histopathology? ++ ++ 1
Cytopathology?
Cell or artificial media culture ++t +++ +++ 3 ++t +Ht ++t 3 +Ht +t +Ht 3
Real-time PCR +++ +++ +++ 3 +++ +++ +++ 3 +++ +++ +++ 3
Conventional PCR ++ ++ ++2 ++ ++ ++ 1
Amplicon sequencing* ++ +++ ++ 3
In-situ hybridisation
Bioassay
LAMP
IFAT ++ ++ ++ 2
Ag-ELISA ++ ++ ++ 2
Neutralisation test
(antibody or antiserum)’ ++ * ++ 2

LV = level of validation, refers to the stage of validation in the OIE Pathway (Chapter 1.1.2); PCR = polymerase chain reaction; LAMP = loop-mediated isothermal amplification.
IFAT = indirect fluorescent antibody test; Ag-ELISA = antigen enzyme-linked immunosorbent assay. 'For confirmatory diagnoses, methods need to be carried out in
combination (see Section 6). 2Early and juvenile life stages have been defined in Section 2.2.4.
3Cytopathology and histopathology can be validated if the results from different operators has been statistically compared.
4Sequencing of the PCR product.
5Spe(:ify the test used. Shading indicates the test is inappropriate or should not be used for this purpose.
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4.1. Wet mounts
Not relevant
4.2. Histopathology and cytopathology

Histopathological findings reveal degenerative necrosis in haematopoietic tissues, kidney, spleen, liver,
pancreas, and digestive tract. Necrosis of eosinophilic granular cells in the intestinal wall is
pathognomonic of IHNV infection (Bootland & Leong, 1999).

The blood of affected fry shows reduced haematocrit, leukopenia, degeneration of leucocytes and
thrombocytes, and large amounts of cellular debris. As with other haemorrhagic viraemias of fish, blood
chemistry is altered in severe cases (Bootland & Leong, 1999).

Electron microscopy of virus-infected cells reveals bullet-shaped virions of approximately 150-190 nm in
length and 65—-75 nm in width (Wolf, 1988). Fhe-Virions are visible at the cell surface or within vacuoles
or intracellular spaces after budding through cellular membranes. The virion possesses an outer
envelope containing host lipids and the viral glycoprotein spikes that react with immunogold staining to
decorate the virion surface

Smears are not appropriate for detection or identification of IHNV.
4.3. Cell or artificial media culture for isolation
4.3.1.Cell lines

The recommended cell lines for IHNV detection are EPC or FHM. Cell lines should be monitored to
ensure that susceptibility to targeted pathogens has not changed.

EPC or FHM cells are grown at 20-30°C in suitable medium, e.g. Eagle’s minimal essential medium
(MEM; or modifications thereof) with a supplement of 10% fetal bovine serum (FBS) and antibiotics in
standard concentrations. When the cells are cultivated in closed vials, it is recommended to buffer the
medium with bicarbonate. The medium used for cultivation of cells in open units may be buffered with
Tris-HCI (23 mM) and Na-bicarbonate (6 mM). The pH must be 7.6 £ 0.2. Cell culture plates should be
seeded 4-48 hours and not 100% confluent prior to inoculation. 15-30 minutes prior to sample
inoculation, cells should be pre-treated with 7% (w/v) PEG-20,000 solution (10-15 pl/cm ) (Batts &
Winton, 1989).

4.3.2.Sample preparation and inoculation
Note: Tissue and fluid samples should be kept cool throughout sample preparation procedures.

i) Homogenise tissue samples using mortar and pestle or a tissue homogeniser-stemacher-polytren
oreguivalent. A small volume of media (MEM-4 or Hank’s balanced salt solution with antibiotics)

may be needed to achieve complete homogenisation.

i)  Adjust the volume of media to a final ratio of 10:1 (media:tissue) and mix thoroughly. For fluid
samples adjust the volume of media to a final ratio of 1:1.

iii)  Centrifuge the homogenate or fluid samples at 2000—4000 g for 15 minutes at 2-5°C.
iv) Remove the supernatant and pass through a 0.45 puM membrane filter (if available).

v) If the sample cannot be inoculated within 48 hours after collection, the supernatant may be stored
at —80°C provided virological examination is carried out within 14 days.

vi) If samples originate from an area where infectious pancreatic necrosis virus (IPNV) is present,
supernatants may be treated with IPNV antiserum. Mix the supernatant with equal parts of a
suitably diluted pool of antisera to the indigenous serotypes of IPNV and incubate for a minimum of
1 hour at 15°C or up to 18 hours at 4°C. The titre of the antiserum must be at least 1/2000 in a
50% plaque neutralisation test.
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vii) Samples are inoculated into cell cultures in at least two dilutions, i.e. the primary dilution and a
1:10 dilution thereof, resulting in final dilutions of tissue material in cell culture medium of 1:100
and 1:1000, respectively. The ratio between inoculum size and volume of cell culture medium
should be about 1:10. For each dilution and each cell line, a minimum of about 2 cm? cell area,
corresponding to one well in a 24-well cell culture tray, has to be used. Use of cell culture trays is
recommended, but other units of similar or with larger growth area are acceptable as well.

viii) Inoculated cell cultures are incubated at 15°C for 7-10 days. Using a microscope with 40—150x
magnification, cultures should be inspected for toxicity the day after inoculation, particularly if
supernatant was not filtered in step iv. The use of a phase-contrast microscope is recommended.

ix) MenitertThe cells are monitored regularly (2—3 times a week) for the presence of cytopathic effect
(CPE).

Interpretation of results

If CPE is observed, confirmatory testing is required to identify IHNV.

If no CPE is observed in the primary culture or subcultivation, the sample is negative.
4.4. Nucleic acid amplification

4.4.1 Real-time PCR

There are several reverse-transeription real-time reverse-transcription (RT) PCR assays available for the
detection of IHNV. Two assays are described, a two-step real-time PCR and a one-step real-time PCR.

The first assay described is a stage 3 validated two-step real-time TagMan PCR assay that amplifies a
region of the nucleoprotein gene of all known IHNV genogroups with some E-genogroup isolates (D332-
92, FV23, and FV91-40) having reduced amplification efficiency due to single nucleotide polymorphism
within the probe sequence (Hoferer et al., 2019; Purcell et al., 2013).

Positive and negative controls should be run with each stage of the assay: extraction, reverse
transcription and real-time PCR. Due to the sensitive nature of PCR-based assays, it is important to be
able to distinguish a true positive from the positive control material. This may be achieved using an
artificial positive control as employed by Purcell et al. (2013). It is also highly recommended that master
mix, template addition and PCR amplification occur in designated hoods or spatially separated areas.

RNA extraction and reverse-transcription (RT)

i)  Total RNA from infected cells and/or tissues is extracted using a phase-separation method (e.g.
phenol-chloroform or Trizol) or by use of a commercially available RNA isolation kit used according
to the manufacturer’s instructions.

i)  Extracted RNA is reverse transcribed non-discriminately into cDNA using random primers. The
cDNA synthesis reactions and cycling conditions are best performed using the manufacturer’s
instructions for commercially available kits which have been extensively tested with a variety of
RNA templates, including GC- and AU-rich targets and RNAse expressed at low levels.

Real-time PCR

The TagMan real-time PCR assay uses forward primer IHNv N 796F (5-AGA-GCC-AAG-GCA-CTG-
TGC-G-3'), reverse primer IHNv N 875R (5'-TTC-TTT-GCG-GCT-TG-GTT-GA-3’) and FAM-labelled
probe, IHNv N 818T (5’-6FAM-TGA-GAC-TGA-GCG-GGA-CA-MGBNFQ-3’). Primers are used at a final
concentration of 900 nM each and the final probe concentration is 250 nM. 2.5 pl cDNA product is
added to each 25 pl rPCR reaction. Thermal cycling conditions are 50°C 2 minutes, 95°C 10 minutes
followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute.

The sample is negative if no Ct (threshold cycle) is recorded, while samples with a Ct are considered
positive for IHNV.
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One step real-time RT-PCR

The one step real-time RT-PCR i rform ing th rScript |l Platinum One-St RT-PCR Kit
Thermo Fisher Scientifi hwert rman nd/or the AgPath-ID One-Step RT-PCR Kit (Therm
Fisher Scientifi rding to the manufacturers’ instructions. For all ntitativ the followin
ni rameters wer : total volume of 25 ul consisting of 20 ul mastermix an | of RNA;
nM of h primer; 200 nM of IHNV pr nd 250 nM of VHSV pr r tively; hard-
hell -well skirt lates with whit hell (Bio-R Munich rman t. No HSP 1);
Micr | B adhesivi tical clear Is (Bio-R t. no MSB 1001); (f) run on 1 TM Thermal
ler controll the CFX96TM Real-Time PCR Detection tem (Bio-Rad); an f the CEX
Man r software (Bio-R for data analysis. The threshold w: t automatically (Hoferer et al., 201

4.4.2.Conventional PCR
Several conventional PCR assays are available with limited validation data.

The PCR assay described recognises a broad range of genotypes by targeting a central region of the
IHNV G gene (Emmenegger et al., 2000), and produces a PCR amplicon that is used for identification of
genetic strains and for epidemiological tracing of virus movements (Kurath et al., 2003).

Positive and negative controls should be run with each stage of the assay: extraction, RT-PCR and
second round PCR. Due to the sensitive nature of PCR-based assays it is highly recommended that
master mix, template addition and PCR amplification occur in designated hoods or spatially separated
areas.

RNA extraction

Total RNA may be prepared as described in section 4.4.1.

Conventional RT-PCR (Round 1)

The first round RT-PCR combines cDNA synthesis and PCR amplification into one step by using an
IHNV-specific primer set that generates the first-strand synthesis of IHNV RNA and subsequent PCR
amplification through 30 cycles. The first round PCR produces a 693 bp PCR amplicon using forward
primer (5'-AGA-GAT-CCC-TAC-ACC-AGA-GAC-3’) and reverse primer (5-GGT-GGT-GTT-GTT-TCC-
GTG-CAA-3’) at a final concentration of 200 nM each. The thermal cycling conditions are one cycle of
50°C for 30 minutes; one cycle of 95°C for 2 minutes; 30 cycles of 95°C for 30 seconds, 50°C for
30 seconds, 72°C for 60 seconds; one cycle of 72°C for 7 minutes and 4°C hold.

A sample is IHNV positive if a 693 bp PCR amplicon is observed and no bands were observed in the
negative controls. If no band is observed for a sample and the positive controls passed proceed to the
second round nested PCR.

Second round (nested PCR)

Due to the sensitivity of the test along with the need for repetitive handling of tubes, nested PCR is
prone to contamination and good sterile technique must be practiced.

The first round positive and negative controls are carried over and included with the nested PCR assay.
In addition, a separate negative and positive control specific to the nested assay are required.

The second round PCR produces a 483 bp PCR amplicon using forward primer (5’-TCA-CCC-TGC-
CAG-ACT-CAT-TGG-3') and reverse primer (5-ATA-GAT-GGA-GCC-TTT-GTG-CAT-3’) at a final
concentration of 200 nM each. The thermal cycling conditions are: 95°C for 2 minutes followed by
30 cycles of 95°C for 30 seconds, 50°C for 30 seconds, 72°C for 60 seconds; one cycle of 72°C for
7 minutes and 4°C hold.

A sample is IHNV positive if a 483 bp PCR amplicon is observed and no band(s) are observed in the
negative controls. A sample is negative if no bands are observed and positive controls passed.
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4.4 .3.0ther nucleic acid amplification methods

To date, no other nucleic acid amplification method capable of universal IHNV detection has been
sufficiently validated.

4.5. Amplicon sequencing

Nucleotide sequencing of the conventional PCR product (Section 4.4.2) is recommended as one of the
final steps for confirmatory diagnosis. This central region of IHNV glycoprotein gene is used for
identification of genetic strains and for epidemiological study (Kurath et al., 2003). It is recommended to
forward any sequence data obtained to the OIE Reference Laboratory, particularly in the event where
isolate sequences differ from any of the target sequences of the recommended molecular assays.

4.6. In-situ hybridisation
Not relevant.
4.7. Immunohistochemistry
Not relevant.
4.8. Bioassay
Not relevant.
4.9. Antibody- or antigen-based detection methods

Antibody- and antigen-based detection methods may be used to confirm the presence of IHNV in cell
culture. Kits and antibodies are commercially available and should be used according to manufacturer’s
instructions. Sensitivity, specificity and sample preparation can influence the results; a negative result
should be viewed with caution. These techniques should not be used as a screening method.

4.9.1. Neutralisation test (identification in cell culture)

i) Collect the culture medium of the cell monolayers exhibiting CPE and centrifuge an aliquot at 2000 g
for 15 minutes at 4°C, or filter through a 0.45 pm (or 450 nm) pore membrane to remove cell debris.

i)  Dilute virus-containing medium from 10°-10".

iii)  Mix aliquots (for example 200 pl) of each dilution with equal volumes of an IHNV antibody solution.
The neutralising antibody solution must have a 50% plaque reduction titre of at least 2000. Likewise,
treat a set of aliquots of each virus dilution with cell culture medium to provide a non-neutralised
control.

iv) In parallel, a neutralisation test must be performed against a homologous IHNV strain (positive
neutralisation test) to confirm the reactivity of the antiserum.

V) Incubate all the mixtures at 15°C for 1 hour.

vi) Transfer aliquots of each of the above mixtures on to 24-hour-old monolayers overlaid with cell
culture medium containing 10% FBS (inoculate two wells per dilution) and incubate at 15°C; 24- or
12-well cell culture plates are suitable for this purpose, using a 50 pl inoculum.

vii) Check the cell cultures for the onset of CPE and read the results for each suspect IHNV sample and
compare to the occurrence of CPE of non-neutralised controls. Results are recorded either after a
simple microscopic examination (phase contrast preferable) or after discarding the cell culture
medium and staining cell monolayers with a solution of 1% crystal violet in 20% ethanol.

viii) The tested virus is identified as IHNV when CPE is prevented or noticeably delayed in the cell
cultures that received the virus suspension treated with the IHNV-specific antibody, whereas CPE is
evident in all other cell cultures.
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Other neutralisation tests of demonstrated performance may be used instead.

4.9.2. Indirect fluorescent antibody test (IFAT) (identification in
cell culture)

i) Prepare monolayers of cells in 2 cm? wells of cell culture plastic plates or on cover slips in order to
reach around 80% confluency, which is usually achieved within 24 hours of incubation at 22°C-the

optimal temperature of the cell line in question (e.g. 26°C for EPC and 20°C for RTG) (seed six cell

monolayers per virus isolate to be identified, plus two for positive and two for negative controls). The
FBS content of the cell culture medium can be reduced to 2—4%. If numerous virus isolates have to
be identified, the use of black 96-well plates for immunofluorescence is recommended.

i)  When the cell monolayers are ready for infection (i.e. on the same day or on the day after seeding)
inoculate the virus suspensions to be identified by making tenfold dilution steps directly in the cell
culture wells or flasks.

iii)  Dilute the control virus suspension of IHNV in a similar way, in order to obtain a virus titre of about
5,000-10,000 plaque-forming units (PFU)/ml in the cell culture medium.

iv) Incubate at 15°C for 24 hours.

v)  Remove the cell culture medium, rinse once with 0.01 M phosphate buffered saline (PBS), pH 7.2,
then three times briefly with a cold mixture of acetone 30%/ethanol 70% (v/v) (stored at —20°C).

vi) Let the fixative act for 15 minutes. A volume of 0.5 ml is adequate for 2 cm? of cell monolayer.

vii) Allow the cell monolayers to air-dry for at least 30 minutes and process immediately or freeze at
—20°C.

viii) Prepare a solution of purified IHNV antibody or serum in 0.01 M PBS, pH 7.2, containing 0.05%
Tween-80 (PBST), at the appropriate dilution (which has been established previously or is given by
the reagent supplier).

ix) Rehydrate the dried cell monolayers by four rinsing steps with the PBST solution and remove this
buffer completely after the last rinsing.

X)  Treat the cell monolayers with the antibody solution for 1 hour at 37°C in a humid chamber and do
not allow evaporation to occur (e.g. by adding a piece of wet cotton to the humid chamber). The
volume of solution to be used is 0.25 ml/2 cm?® well.

xi)  Rinse four times with PBST as above.

xii) Treat the cell monolayers for 1 hour at 37°C with a solution of fluorescein isothiocyanate- or
tetramethylrhodamine-5-(and-6-) isothiocyanate-conjugated antibody to the immunoglobulin used in
the first layer and prepared according to the instructions of the supplier. These conjugated antibodies
are most often rabbit or goat antibodies.

xiii) Rinse four times with PBST.

xiv) Examine the treated cell monolayers on plastic plates immediately, or mount the cover slips using,
for example, glycerol saline, pH 8.5 prior to microscopic observation.

xv) Examine under incident UV light using a microscope with x 10 eye pieces and x 20—40 objective
lens having numerical aperture >0.65 and >1.3, respectively. Positive and negative controls must be
found to give the expected results prior to any other observation.

Other IFAT or immunocytochemical (alkaline phosphatase or peroxidase) techniques of demonstrated

performance may be used instead.

4.9.3. Enzyme-linked immunosorbent assay (ELISA)

i) Coat the wells of microplates designed for ELISAs with appropriate dilutions of purified
immunoglobulins (Ig) or serum specific for IHNV, in 0.01 M PBS, pH 7.2 (200 pl/well).

ii)  Incubate overnight at 4°C.

iii)  Rinse four times with 0.01 M PBS containing 0.05% Tween-20 (PBST).

iv)  Block with skim milk (5% in PBST) or other blocking solution for 1 hour at 37°C (200 pl/well).
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v)  Rinse four times with PBST.
vi)  Add 2% Triton X-100 to the virus suspension to be identified.

vii) Dispense 100 pl/well of two- or four-step dilutions of the virus to be identified and of IHNV control
virus, and a heterologous virus control (e.g. viral haemorrhagic septicaemia virus). Allow the
samples to react with the coated antibody to IHNV for 1 hour at 20°C.

viii) Rinse four times with PBST.

ix) Add to the wells either biotinylated polyclonal IHNV antiserum or MAb to N protein specific for a
domain different from the one of the coating MAb and previously conjugated with biotin.

X)  Incubate for 1 hour at 37°C.
xi)  Rinse four times with PBST.

xii) Add streptavidin-conjugated horseradish peroxidase to those wells that have received the biotin-
conjugated antibody, and incubate for 1 hour at 20°C.

xiii) Rinse four times with PBST. Add the substrate and chromogen. Stop the course of the test when
positive controls react and read the results.

xiv) Interpretation of the results is according to the optical absorbencies achieved by negative and
positive controls and must follow the guidelines for each test, e.g. absorbency at 450 nm of positive
control must be minimum 5-10 x A450 of negative control.

The above biotin—avidin-based ELISA version is given as an example. Other ELISA versions of
demonstrated performance may be used instead.

4.10. Other sereleogieal methods

Not applicable

.Test(s) recommended for surveillance to demonstrate freedom in

apparently healthy populations

Virus isolation in cell culture or real-time RT-PCR are the recommended tests for surveillance to demonstrate
freedom from infection with IHNV.

.Corroborative diagnostic criteria

This section only addresses the diagnostic test results for detection of infection in the absence (Section 6.1.)
or in the presence of clinical signs (Section 6.2.) but does not evaluate whether the infectious agent is the
cause of the clinical event.

The case definitions for a suspect and confirmed case have been developed to support decision making
related to trade and confirmation of disease status at the country, zone or compartment level. Case definitions
for disease confirmation in endemically affected areas may be less stringent. It is recommended that all
samples that yield suspect positive test results in an otherwise pathogen-free country or zone or compartment
should be referred immediately to the OIE Reference Laboratory for confirmation, whether or not clinical signs
are associated with the case. If a laboratory does not have the capacity to undertake the necessary
diagnostic tests it should seek advice from the appropriate OIE Reference Laboratory.

6.1. Apparently healthy animals or animals of unknown health
status?

Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an
epidemiological link to an infected population. Geographic proximity to, or movement of animals or
animal products or equipment, etc., from a known infected population equate to an epidemiological link.
Alternatively, healthy populations are sampled in surveys to demonstrate disease freedom.

3

For example transboundary commodities.
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6.1.1.Definition of suspect case in apparently healthy animals

The presence of infection with IHNV shall be suspected if at least one of the following criteria is met:
i) Positive result by real-time RT-PCR,;

i)  IHNV-typical CPE Cytepathic-effectin cell culture.

6.1.2.Definition of confirmed case in apparently healthy animals

The presence of mfectlon with IHNV is con5|dered to shall-be conflrmed if, in addltlon to the crlterla in

Section 6.1.1.,
feﬂewmgyeembma{mn- ne or more of the following crlterla is met:

i)  Positive result by real-time RF-RT-PCR followed-byand detection of IHNV in a tissue sample by &
peositive—resuit-from-—a-conventional PCR targeting a non-overlapping region of the genome and
amplicon sequencing;

i) PE-lselation—of—virus in cell culture cenfirmed-by-identified as IHNV by real-ime RT-PCR,
conventlonal PCR, IFAT, er-Ag-ELISA, or by a neutralisation test and—a—pesitiveresultfollowed
byand detection of IHNV in a tissue sample by real-time RT-PCR;

iy CPE-Iselation—ofvirus in cell culture confirmed—by-identified as IHNV by real-time RT-PCR,
conventional PCR, IFAT, erAg-ELISA, or by a neutralisation test and-followed byand detection of
IHNV in a tissue sample g¥ conventional PCR and amplicon sequencing;

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.2. Clinically affected animals

Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of
possible diagnoses.

6.2.1.Definition of suspect case in clinically affected animals
The presence of infection with IHNV shall be suspected if at least one of the following criteria is met:

i)  Gross pathology or clinical signs associated with the disease as described in this chapter, with or
without elevated mortality;

ii)  Positive result by real-time RT-PCR;

i)  IHNV-typical CPE Cytepathiceffectin cell culture.

6.2.2.Definition of confirmed case in clinically affected animals

The presence of mfectlon with IHNV is considered to . anslde ed to shau—be conflrmed if_in addition to the criteria in addtg IQ the g Ig a
Section 6.2.1.,

feuemngkeembmanen— ne or more of the following crlterla is met:

i) Positive result by real-time RFRT-PCR follewed-byand detection of IHNV in a tissue sample a
positive—resultfrom-—a-conventional PCR targeting a non-overlapping region of the genome and
amplicon sequencing;
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i) CPE-Iselation—ofvirus in cell culture cenfirmed—by-identified as IHNV by real-time RT-PCR,
ggnvgntlgnal conventional PCR, IFAT, er—Ag ELISA or by a neutralisation test and-a—pesitiveresultfollowed
tion of IHNV in by real-time RT-PCR;

iiiy CPE-lseolation—of—virus in cell culture eenfirmed-by identified as IHNV by real-time RT-PCR,
conventional PCR, IFAT, e+~Ag-ELISA, or by a neutralisation test and detection of

IHNV in a tissue sample by conventional PCR and amplicon sequencing;

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.3. Diagnostic sensitivity and specificity for diagnostic tests

The diagn rforman f recommen for surveillan r_di f infection with IHNV
are provided in Table 6.3. This information can be used for the design of surveys for infection with IHNV,
however, it shoul n h iagn rformance i ifi h ircumstan f h
diagnostic accuracy study (including the test purpose, source population, tissue sample types and host

i nd diagn rformance may v ifferen nditions. D is only presen wher

tests are validated to atleast level two of the validation pathway described in Chapter 1.1.2. and the
information is available within lish iagnosti r i

Table 6.1. Diagnostic performance of tests recommended for surveillance or

diagnosis
Source Tissue or . DSe DSp Y
Test type | Test purpose populations | sample types Species (n) n) Reference test Citation
Real-time Diagnosis Exﬁi;;n:erga”y Kidne (Or?(t:?)?llvhii??us 100 100 knc?vr\]/lrmlfzgon Purcell et
RT-PCR g y y 50) | (50) al,, 2013
salmon mykiss) status
RT-PCR Experimentally Steelhead Animals of
. . . ‘ ) 100 . . Purcell et
(single Diagnosis infected Kidney (Oncorhynchus | 58 (50) known infection
! (50) al., 2013
step) salmon mykiss) status
Experimentally Steelhead Animals of
, infected Kidney (Oncorhynchus | 84 (50) 100 known infection Purcell et
Virus . : ; (50) al., 2013
Isolation Diagnosis salmon mykiss) status
Field samples Kidney and Atlantic salmon | 80-86 100 Clinical signs — McClure
P spleen (Salmo salar) (50) (50) history etal., 2008

DSe = dlagnostlc sensmwty, DSp = dlagnostlc specmuty, n = number of samples used in the study;
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* %

NB: There are OIE Reference Laboratories for Infection with infectious haematopoietic necrosis virus
(see Table at the end of this Aquatic Manual or consult the OIE web site for the most up-to-date list:
http://www.oie.int/en/scientific-expertise/reference-laboratories/list-of-laboratories/ ).

Please contact the OIE Reference Laboratories for any further information on infection with
viral haemorrhagic septicaemia virus

NB: FIRST ADOPTED IN 1995 AS INFECTIOUS HAEMATOPOIETIC NECROSIS;
MOST RECENT UPDATES ADOPTED IN 2019.
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Annex 14

CHAPTER 2.3.10.

INFECTION WITH VIRAL
HAEMORRHAGIC SEPTICAEMIA VIRUS

EU comment
The EU thanks the OIE and in general supports the proposed changes to this chapter.
One comment is inserted in the text below.

1. Scope

Infection with viral haemorrhagic septicaemia virus (VHSV) means infection with the pathogenic agent viral
haemorrhagic septicaemia virus of the Genus Novirhabdovirus and Family Rhabdoviridae.

2.Disease information
2.1. Agent factors
2.1.1.Aetiological agent

VHSYV is a bullet-shaped particle, approximately 70 nm in diameter and 180 nm in length, that contains a
negative-sense, single-stranded RNA genome of approximately 11,000 nucleotides, and possesses an
envelope that contains the membrane glycoprotein, which is the neutralising surface antigen. The
genome encodes six proteins: a nucleoprotein N; a phosphoprotein P (formerly designated M1); a matrix
protein M (formerly designated M2); a glycoprotein G; a non-virion protein NV and a polymerase L
(Walker et al., 2000).

G-gene nucleotide sequences have been used to classify VHSV isolates into four major genotypes (I, I,
Il and IV) and nine subtypes (la—le and IVa-1vVd) with almost distinct geographical distributions (Einer-
Jensen et al., 2004; Elsayed et al., 2006). The host range and the pathogenicity appear, at least to some
extent, to be linked to the genotype of VHSV.

i) Genotype la

Almost all VHSV isolates causing outbreaks in European rainbow trout (Oncorhynchus mykiss)
farms cluster in sub-lineage la, of which isolates have been reported from most continental
European countries (Einer-Jensen et al., 2004; Kahns et al., 2012; Snow et al., 2004; Toplak et al.,
2010). However, genotype la isolates have also been detected in other species in Europe such as
brown trout (Salmo trutta), pike (Esox lucius) and grayling (Thymallus thymallus) (de Kinkelin & Le
Berre, 1977; Jonstrup et al., 2009). Genotype la isolates have generally caused outbreaks in
European freshwater farms, but isolates have also been obtained from rainbow trout in seawater
net pens and turbot (Scophthalmus maximus-syr—Psetta-maxima) (Schlotfeldt et al., 1991; Snow et
al., 2004). Genotype la can be further subdivided into two major subpopulations, la-1 and la-2, with
a distinct geographic distribution within Europe (Kahns et al., 2012).

ii) Genotype Ib

The isolates included in this genotype-Virdses have been iselated-obtained from fish in the marine
environment in the Baltic Sea, Kattegat, Skagerrak, the North Sea and the English Channel (Einer-
Jensen et al., 2004; Skall et al., 2005b; Snow et al., 2004) and as far north as latitude 70°N close to
Nordkapp in Norway (Sandlund et al., 2014). A single case was observed in Japan (Nishizawa et
al., 2002). None of the isolations from wild fish has been associated with clinical disease outbreaks
(Johansen et al., 2013). Genotype Ib has been associated with evidence of transfer between wild
fish and farmed rainbow trout in only two cases in pen-reared rainbow trout in Sweden in 1998 and
2000 (Nordblom, 1998; Nordblom & Norell, 2000; Skall et al., 2005a).

iii) Genotype Ic

This genotype consists of is-a smaller group eensisting-of Danish isolates from farmed rainbow trout
isolatesfrom-earlier dates. Isolates of this genotype have also been identified-detected in Germany
and Austria (Jonstrup et al., 2009).

iv) Genotype Id
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consists of some old Scandinavian isolates from
the 1960s until the first MHS-outbreaks of infection with VHSV occurred in Finland in sea-reared
rainbow trout in 2000._These outbreaks occurred in at-two different areas where-and all of the
isolates sampled were preved—to—clustered in the Id genotype group. In infection trials, it was
demonstrated that the isolates were pathogenic to rainbow trout, but less virulent than most la
isolates (Raja-Halli et al., 2006).

v)  Genotype le

These isolates jncl in thi not have been obtained from both freshwater and marine
(the Black Sea) environments in Georgia and Turkey. Isolations were from both farmed and wild
turbot (Jonstrup et al., 2009; Kalayci et al., 2006; Nishizawa et al., 2006) and from rainbow trout
(Einer-Jensen et al., 2004). VHSV le has also been identified-isolated from-ir whiting (Merlangius
merlangus) and sea bass (Dicentrarchus labrax) frem-in the Black Sea (Altuntas & Ogut, 2010).

vi)  Genotype Il

The members-isolates included in ef this greup-genotype eensist-ef-have been primarily detected
in marine iselatesfrem-wild fish, in particular especially-from-Atlantic herring (Clupea harengus),
from ir-the Baltic Sea, including the Gulf of Bothnia and the Gulf of Finland, (Gadd et al., 2011;
Snow et al., 2004). Genotype |l isolates have also been detected in lamprey (Lampetra fluviatilis)
caught in freshwater from the rivers Kalajoki and Lestijoki, which haveirg an outlet into the Gulf of
Bothnia (Gadd et al., 2010).

vii) Genotype Il

These isolates included in this genotype originate from wild and farmed fish in the North Atlantic
Sea from the Flemish Cap (Lopez-Vazquez et al., 2006b) to the Norwegian coast (Dale et al.,
2009), the North Sea, around the British Isles, Skagerrak and Kattegat. VHS-eutbreaks-Outbreaks
of infection with VHSV in farmed turbot in the United Kingdom and Ireland in the 1990s were
attributed due-to infection with genotype Il isolates, and in 2007 an outbreak in sea-reared
rainbow trout at the Norwegian west coast was due to VHSV genotype Ill. MHS-Qutbreaks of
infection with VHSV in five species of wrasse used as cleaner fish around the Shetland Islands
were also due to this genotype (Munro et al., 2015).

viii) Genotype IVa

The isolates included in this genotype have been detected erigirate-in finfish from both the east
and west coasts of North America, as well as from the Asian countries of South Korea and Japan.

Genotype IVa isolates in North America have caused severe epidemics in numerous wild marine
species such as Pacific herring (Clupea pallasii pallasii) (Meyers & Winton, 1995), which can
serve as a reservoir of virus to sympatric net-pen farmed Atlantic salmon (Salmo salar) (Garver et
al., 2013). In Asia, genotype IVa isolates have caused disease outbreaks in elive-flounderbastard

halibut (Paralichthys olivaceus) (Ogut & Altuntas, 2014).
ix) Genotype Vb

The isolates included in this genotype have been detected eriginate-in finfish eriginate from the
North America Laurentian Great Lakes region (Gagne et al., 2007; Thompson et al., 2011; Winton

et al., 2008) and where-they-have caused die-offs events-in numerous fish species—and-have
been-detected-in-a-micro-invertebrate (Diporeiaspp-) (Faisal & Winters, 2011).

x)  Genotype IVc

The isolates included in this genotype eriginate have been detected from finfish from the
estuarine waters of New Brunswick and Nova Scotia, Canada (Gagne et al., 2007; Pierce &
Stepien, 2012; Stepien et al., 2015).

xi)  Genotype IVd

The isolates included in this genotype eriginate-have been detected in frem-Iceland where they
were identified in wild and farmed lumpfish (Cyclopterus lumpus) (Gudmundsdottir et al., 2019).

2.1.2.Survival and stability in processed or stored samples

VHSV survival in host tissue is dependent on the conditions for storage. VHSV remains infectious for
long time periods while stored frozen in fish tissue. However, VHSV-infected fish at commercial freezing
temperatures (=20°C) had a 90% reduction in viral titre after the tissue was thawed (Arkush et al., 2006).
VHSV is sensitive to enzymatic degradation, environments with high bacterial load and high
temperatures (above 28°C). Fresh (unfrozen) muscle tissue from VHSV-infected rainbow trout could
transmit jnfection with VHSY to naive fish (Oidtmann et al., 2011). VHSV is also tolerant of high salt
concentrations such as in brine-treated fish (Skall et al., 2015) or while stored in concentrated
ammonium sulphate solution (Pham et al., 2018). For optimal retention of VHSV in fish tissue, the
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sample should be placed in transport medium with antibiotics and kept on ice without freezing and
processed within 24 hours after sampling.

2.1.3.Survival and stability outside the host

VHSV survival outside the host is dependent on the physico-chemical conditions of the aqueous medium
(Ahne, 1982) and on temperature: the virus survives for longer periods at 4°C compared with 20°C
(Parry & Dixon, 1997).

VHSV is significantly more stable in freshwater than saltwater. The virus has been documented to persist
in freshwater for 28-35 days at 4°C (Parry & Dixon, 1997) and has been found to be infective for 1 year
at 4°C in filtered freshwater (Hawley & Garver, 2008). In raw freshwater at 15°C, the 99.9% inactivation
time was 13 days, but in seawater the virus was inactivated within 4 days (Hawley & Garver, 2008). In
another study using seawater at 15°C, the infectivity of the virus was reduced by 50% after 10 hours, but
could still be recovered after 40 hours (Kocan et al., 2001). There appears to be no consistent correlation
between the origin and stability of the virus isolates: freshwater isolates are not always the most stable in
freshwater and seawater isolates are not consistently more stable in seawater (Hawley & Garver, 2008).

The virus remains stable for a longer time if sterile organic materials are added to the water, such as
ovarian fluids or blood products, such as bovine serum (Kocan et al., 2001). When the sea water was
sterilised by autoclaving, or when passed through a 0.22 ym membrane, virus survival was prolonged
significantly (60 days at 15°C and 32 days at 20°C), suggesting the bacterial load in the water is an
important factor of viral decay.

2.2. Host factors
2.2.1.Susceptible host species

Species that fulfil the criteria for listing as susceptible to infection with VHSV according to Chapter 1.5. of
the Aquatic Animal Health Code (Aquatic Code) include:

Family Scientific name Common name Genotype
Ammodytidae Ammodytes hexapterus Pacific sand lance IVa
Aralichthyidae Paralichthys olivaceus Bastard halibut IVa

Carangidae Trachurus mediterraneus Mediterranean horse mackerel le
Ambloplites rupestris Rock bass IVb
Lepomis gibbosus Pumpkinseed IVb
Centrarchidae Lgpomis macrochirus Bluegill IV, IVb
Micropterus dolomieu Smallmouth bass IVb
Micropterus salmoides Largemouth bass IVb
Pomoxis nigromaculatus Black crappie IVb
Alosa immaculata Pontic shad le
Sardina pilchardus Pilchard ND
Clupea harengus Atlantic herring Ib, 1
Clupeidae Clupea pallasii pallasii Pacific herring IVa
Dorosoma cepedianum American gizzard shad IVb
Sardinops sagax South American pilchard IVa
Sprattus sprattus European sprat Ib
Cyclopteridae Cyclopterus lumpus Lumpfish Ivd
Danio rerio Zebra fish IVa
Notropis hudsonius Spottail shiner IVb
Cyprinidae Notropis atherinoides Emerald shiner IVb
Pimephales notatus Bluntnose minnow IVb
Pimephales promelas Fathead minnow IVb
Embiotocidae Cymatogaster aggregata Shiner perch IVa
Engraulidae Engraulis encrasicolus European anchovy le
Esocidae Esox Iuc?us Northern pike IVb
Esox masquinongy Muskellunge IVb
Fundulidae Fundulus heteroclitus Mummichog Ve
Gadus macrocephalus Pacific cod IVa
Gadus morhua Atlantic cod Ib, 1
Gadidae Merlangius merlangus Whiting le
Micromesistius poutassou Blue whiting Ib, 1
Trisopterus esmarkii Norway pout Ib, 1
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Gasterosteidae Gasterosteus aculeatus Three-spine stickleback Ve
Gobiidae Neogobius melanostomus Round goby IVb
Pomatoschistus minutus Sand goby Ib
Ictaluridae Ictalurus nebulosus Brown bullhead IVb
Centrolabrus exoletus Rock cook wrasse Il
Ctenolabrus rupestris Goldsinny wrasse Il
Labridae Labrus bergylta Ballan wrasse 11l
Labrus mixtus Cuckoo wrasse 1
Symphodus melops Corkwing wrasse 1]
Lotidae Gaidropsarus vulgaris Three-bearded rockling le
Morone americana White perch IVb
Moronidae Morone chrysops White bass IVb
Morone saxatilis Striped bass Vb, IVc
Mullidae Mullus barbatus Red mullet le
Osmeridae Thaleichthys pacificus Eulachon IVa
Percidae Sander vitreus Walleye IVb
Perca flavescens Yellow perch IVb
Petromyzontidae Lampetra fluviatilis River lamprey Il
Limanda limanda Common dab Ib
Pleuronectidae Platichthys flesus European flounder Ib
Pleuronectes platessus European plaice 11l
Rajidae Raja clavata Thornback ray le
Coregonus artedii Lake cisco IVb
Coregonus clupeaformis Lake whitefish IVb
Coregonus lavaretus Common whitefish la
Oncorhynchus kisutch Coho salmon IVa
Oncorhynchus mykiss Rainbow trout la-e, I, IVb
Oncorhynchus mykiss X Rainbow trout X coho salmon la
Salmonidae Oncorhynchus kisutch hybrids hybrids
Oncorhynchus tshawytscha Chinook salmon IVa, IVb
Salmo marmoratus Marble trout la
Salmo salar Atlantic salmon la, I?\’/{!’ i,
Salmo trutta Brown trout la, Ib
Salvelinus namaycush Lake trout la, IVa, IVb
Thymallus thymallus Grayling I
Scophthalmidae Scophthalmus maxima Turbot Ib, IlI
Sciaenidae Aplodinotus grunniens Freshwater drum IVb
Scombridae Scomber japonicus Pacific chub mackerel IVa
Soleidae Solea senegalensis Senegalese sole 11l
Uranoscopidae Uranoscopus scaber Atlantic stargazer le

2.2.2.Species with incomplete evidence for susceptibility

ND: Not determined.

135

Species for which there is incomplete evidence to fulfil the criteria for listing as susceptible to infection
with VHSV according to Chapter 1.5 of the Aquatic Code include:

Family Scientific name Common name Genotype

_ . Oryzias latipes Japanese rice fish Vb

Adrianichthydiae Oryzias dancena Marine medaka IVa
Ammodytidae Ammodytes personatus Sandeel Ib
Anguillidae Anguilla anguilla European eel Il
Argentinidae Argentina sphyraena Lesser Argentine Ib
Belonidae Belone belone Garfish le
Carangidae Seriola dumerili Greater amberjack IVa
Catostomus commersonii White sucker IVb

Catostomidae Moxostoma anisurum Silver redhorse Vb
Moxostoma macrolepidotum Shorthead redhorse IVb

Centrarchidae Pomoxi annuluris White crappie IVb
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) Alosa pseudoharengus Alewife IVb
Clupeidae cl N ic hesring Na
Cottidae Cottus pollux Japanese fluvial sculpin IVb
Cyprinidae Semotilus corporalis Fallfish Vb
Notemigonus crysoleucas Golden shiner Vb
Esocid Esox lucius X Tiger_muskell;r:zg? (ESOX Vb
socidae . . masquinon . lucius or
E. masquinongy hybrids E. Iugius X Ig)./masquinongy)
Fundulidae Fundulus diaphanus Banded killifish IVb
Gadiculus argenteus Silvery pout Ib
Gadidae Melanogrammus aeglefinus Haddock Il
Theragra chalcogramma Alaska pollock IVa
Trisopterus minutus Poor cod Il
Ictaluridae Ictalurus punctatus Channel catfish Vb
Liparidae Liparis tessellatus Cubed snailfish v
Lotidae Lota Iota} . Burbot _ Vb
Enchelyopus cimbrius Fourbeard rockling Ib
Merlucciidae Merluccius productus North Pacific hake IVa
Moronidae Dicentrarchus labrax European sea bass la
Mugilidae Mugil cephalus Flathead grey mullet \Y
Ophidiidae Hoplobrotula armata Armoured cusk \Y
Osmeridae Hypomesus pretiosus Surf smelt ND
. Rhinogobius sp. . .
Oxudercidae (undescr%ed spegies) Yoshinobori IVb
Percopsidae Percopsis omiscomaycus Trout perch Vb
Glyptocephalus stelleri Blackfin flounder IVa
Pleuronectidae Hippoglossus hippoglossus Atlantic halibut 1
Reinhardtius hippoglossoides Greenland halibut Il
Oncorhynchus mykiss X Rainbow trout X la
Salvelinus alpinus hybrids Arctic charr hybrids
Oncorh_ynchus Y KRgX Rainbow trout X lake trout
Salvelinus namaycush hybrids la
Salmonidae hybrids
Oncorhynchus mykiss X Rainbow trout X la
Salmo trutta hybrids brown trout hybrids
Salvelinus alpinus Arctic charr la
Salvelinus fontinalis Brook trout le
Sciaenidae Larimichthys polyactis Yellow croaker \Y%
. Scorpaena porcus Black scorpionfish le
Scorpaenidae : - —
Scorpaena izensis Izu scorpionfish [\
Scyliorhinidae Scyliorhinus torazame Claudy catshark [\
Stromateidae Pampus argenteus Silver pomfret \Y
Trichiuridae Trichiums lepturus Largehead hairtall \%
Triglidae Eutrigla gurnardus Gray gurnard I

ND: Not determined.

In addition, pathogen-specific positive polymerase chain reaction (PCR) results have been reported in
the following organisms, but an active infection has not been demonstrated: Sablefish (Anoplopoma
fimbria).

2.2.3.Non-susceptible species
None known.

2.2.4.Likelihood of infection by species, host life stage, population
or sub-populations

Rainbow trout is the most susceptible species to VHSV infection with genotype la. For VHSV genotypes
Ib, 1l and llI, shoaling wild-living species such as Atlantic herring and European sprat {Sprattus-sprattus)
are likely to be the natural hosts, while for genotype IVa, Pacific herring is the natural host. VHSV
genotype lll has caused disease in farmed turbot and wrasse and genotype IVa in farmed Atlantic
salmon, turbot, and eliveflounder-bastard halibut.
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Infection with VHSV may cause disease and mortality in all life stages of susceptible fish. VHSV does not
infect fish eggs (Munro & Gregory, 2010).

In surveys of wild marine fish, VHSV has been isolated from most year classes. Few fry have been
tested however, as they are usually not caught during the surveys. The highest prevalence of virus in
wil lations was found in shoaling fish, such as Atlantic herring, European sprat and

Norway pout {Sprattus-sprattus) (Skall et al., 20053a).

2.2.5.Distribution of the pathogen in the host

In fish showing clinical signs, the virus is abundant in all tissues including gill, skin and muscles
(Sandlund et al., 2014). Target organs are anterior kidney, heart and spleen, as these are the sites in
which virus is most abundant. In chronic stages, virus titres can become high in the brain (Smail & Snow,
2011; Wolf, 1988).

2.2.6.Aquatic animal reservoirs of infection

Some survivors of epizootics will become long-term carriers of the virus. Pacific herring surviving
infection with VHSV genotype IVa have transmitted disease to naive cohabitants (Gross et al., 2019).
Almost all isolations of VHSV genotype Ib, Il and Ill from free-living fish species are from individuals with
no clinical signs of infection with VHSV and with low virus titres (Skall et al., 20053a).

2.2.7.Vectors

VHSV has been isolated from common snapping turtle (Chelra serpentina), leech (Myzobdella lugubris),
northern map turtle (Grapetemys geographicas) and water flea (Moina macrocopa) and these species
are—considered may be potential te—be-vectors for transmission of VHSV ratherthan-true-susceptible
species—(Faisal & Schultz, 2009; Goodwin & Merry, 2011; Ito & Olesen, 2017). VHSV has also been
isolated from the amphipods Hyalellea spp. and Diporeia spp., suggesting that benthic
macroinvertebrates may be vectors for VHSV Vb in endemically affected systems. In contrast VHSV
was not detected in mussels or sediments in the same water environment (Faisal & Winters 2011;
Throckmorton et al., 2017) VHSV has also been |solated from leech, Myzobdella Iugubrls |n the Great

(Faisal &Schulz 2009; FalsaI&Wlnters 2011).

Piscivorous birds may act as VHSV vectors by carrying the virus, for example, on their feet (Olesen &
Jorgensen, 1982), or through regurgitation of infected fish (Peters & Neukirch, 1986).

2.3. Disease pattern
2.3.1.Mortality, morbidity and prevalence

Mortality varies, depending on many environmental and physiological conditions, most of which have not
been fully determined. The disease is, in general, a cool or cold water disease with highest mortality at
temperatures around 9-12°C. Small rainbow trout fry (0.3—-3 g) are most susceptible to genotype la with
mortalities close to 100%, but all sizes of rainbow trout can be affected with mortalities ranging from 5 to
90% (Skall et al., 2004). Immersion infection trials also induced up to 100% mortality in Pacific herring
when challenged with genotype IVa (Hershberger et al., 2010). Mortality in free living fish also varies
from no observable deaths to severe die-offs. The prevalence of VHSV genotype Ib, Il and Ill varies from
0 to 16.7% in Northern European waters (Skall et al., 2005b).

2.3.2.Clinjical signs, including behavioural changes

The occurrence of the following clinical signs is characteristic of infection with VHSV: rapid onset of
mortality, lethargy, darkening of the skin, exophthalmia, anaemia (pale gills), haemorrhages at the base
of the fins or in the gills, eyes or skin, abnormal swimming such as flashing and spiralling, and a
distended abdomen due to oedema in the peritoneal cavity. In rainbow trout, the clinical appearance is
typically lethargic dark fish with exophthalmia at the pond shores and the outlet. Characteristically,
diseased fish will not attempt to escape when netted.
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Some genotypes have specific predominant clinical signs of infection with VHSV. Skin lesions in cod and
herring from the Pacific and Atlantic Oceans (including the North Sea), and in haddock from the North

hav n ri fr ntl nsen & Larsen, 1979; M rs et al., 1992; M I Winton

1995; Smail, 2000; Vestergard Jorgensen & Olesen, 1987). In farmed Japanese flounder, an ‘anaemic’
form (pale gills) of infection with VHSV h | n ri Isshiki et al., 2001).

EU comment

The Commission has not agreed with a request to add ‘olive flounder’ as a
common name for bastard halibut (Paralichthys olivaceus). However, the
paragraph above still uses the common name °‘Japanese flounder’. For
consistency we would like to suggest that ‘bastard halibut’ is used instead of
‘Japanese flounder’.

2.3.3 Gross pathology

Gross pathology includes generalised petechial haemorrhaging in the skin, muscle tissue (especially in
dorsal muscles) and internal organs. It is important to examine the dorsal musculature for the presence
of petechial bleeding, which is a very common sign of infection with VHSV. The kidney is dark red in the
acute phase and can demonstrate severe necrosis in moribund fish. The spleen is moderately swollen.
The liver is often pale and mottled. The gastrointestinal tract, especially the hind gut, is pale and devoid
of food.

2.3.4.Modes of transmission and life cycle

Transmission primarily occurs horizontally through water, with excretion of virus in the urine, and directly
from the skin (Smail & Snow, 2011). Oral transmission was also demonstrated indicating that preying on
infected fish and vectors may transfer the disease (Schonherz et al. 2012).

Experimentally it has been demonstrated that feeding fresh (unfrozen) muscle tissue from VHSV-infected
rainbow trout can transmit VHSV to naive fish (Oidtmann et al., 2011).

There are no indications or evidence of true vertical transmission of VHSV (Bovo et al., 2005a; Munro &
Gregory, 2010).

2.3.5.Environmental and management factors

Disease generally occurs at temperatures between 4°C and 14°C. At water temperatures between 15°C
and 18°C, the disease generally takes a short course with low levels of mortality.

Low water temperatures (1-5°C) generally result in an extended disease course with low daily mortality
but high accumulated mortality. Outbreaks of infection with VHSV occur during all seasons but are most
common in spring when water temperatures are rising or fluctuating.

inhibit transm|SS|on Natural outbreaks of infection with VHSV are not observed at water temgerature
greater than 18°C. In challenge trials, fISh exposed to VHSV and reared at temperatures below 15° C

K|nkl|n1 4Frmr iled review. Wlfl nd Smail nw21.

2.3.6.Geographical distribution
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deelared#reeuef—mteeﬂen—wrth%lsxl—m#eenen—wrth%lstThe drsease has never been reported from the
Southern Hemisphere.

For recent |nformat|on on dlstrlbutlon at the country Ievel consult the WAHIS interface

2.4. Biosecurity and disease control strategies
2.4.1.Vaccination

Although research on vaccine development for VHSV has been ongoing for more than four decades, the
only a-commercial vaccine is—het-yet-available js _against VHSV genotype IVa for bastard halibut in
Korea. Candidate vaccines have included killed vaccines, attenuated live vaccines, a recombinant
vaccine in prokaryotic and eukaryotic expression systems, and DNA-based vaccines. For a review see
Lorenzen & LaPatra (2005). No vaccines currently affect the sensitivity and specificity of infection with
VHSV diagnostics.

2.4.2.Chemotherapy including blocking agents
No therapies are currently available.
2.4 .3.Immunostimulation

Several immunostimulants, such as yeast-derived beta-glucans, IL-1B-derived peptides, and probiotics
have been assessed for enhancing protection against infection with VHSV (Peddie et al., 2003). Several
researchers report positive effects, but no immunostimulant directed specifically at enhanced resistance
to infection with VHSV is available. Furthermore, it remains unknown as to whether their use can affect
sensitivity and specificity of infection-with VHSV assaysdiagnesties.

2.4.4 .Breeding resistant strains

Additive genetic variation in rainbow trout has-been-detected for resistance to jnfection with VHSV has
been demonstrated (Dorson et al., 1995; Henryon et al., 2002a; 2002b). In a study by Henryon et al.
(2005), the heritability of resistance to VHS was 0.11 for time to death on a logarithmic timescale.
Identification of a major quantitative trait loci (QTL) for VHSV resistance in rainbow trout may pave the
way for genetic selection for VHSV resistant fish (Verrier et al., 2013), however, no resistant rainbow
trout strains are yet-commercially available.

2.4.5.Inactivation methods

VHSV is sensitive to a number of common disinfectants (e.g. UV, chlorine, iodophore, sodium
hypochlorite), to temperatures above 30°C, to bacterial degradation in sediments and enzymatic activity
in decomposing fish. For a review see Bovo et al., 2005b.

2.4.6.Disinfection of eggs and larvae

Disinfection of newly fertilised or eyed and-green—eggs is an efficient and cost-effective preventative
measure for stopping the spread of the disease in salmonids (for the recommended protocol see Chapter
4.4. of the Aquatic Code).

2.4.7.General husbandry

Poor water quality, high fish density, high feeding rate, infection with other diseases such as proliferative
kidney disease, ichthyophthiriasis, bacterial kidney disease, etc. can influence the course and severity of
infection with VHSV. In general, an increase in temperature, restricted feeding, reduced fish density and
restricted handling may reduce mortality. In endemically infected farms, stocking with naive fry is usually
done atas-high when the water temperatures is at near maximum levelsas-pessible.

3.Specimen selection, sample collection, transportation and handling

3.1. Selection of populations and individual specimens

Clinical inspections should be carried out during a period when the water temperature is below 14°C or
whenever the water temperature is likely to reach its lowest annual point. All production units (ponds, tanks,
net-cages, etc.) should be inspected for the presence of dead, weak or abnormally behaving fish. Particular
attention should be paid to the water outlet area where weak fish tend to accumulate due to the water
current.
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Fish to be sampled are selected as follows:

i) For genotype I, in farms where rainbow trout are present, enlyfish of that species should be
selected for sampling. If rainbow trout are not present, the sample should be obtained from fish of
all other VHSV-susceptible species present (as listed in Tables 2.1) ard-or from species with
incomplete evidence for susceptibility (as listed in Table 2.2). However, the species should be
proportionally represented in the sample. For other genotypes (ll, Ill, and 1V), species of known
susceptibility to the genotype in question should be sampled.

ii)  Susceptible species should be sampled following risk-based criteria for targeted selection of
populations with a history of abnormal mortality or potential exposure events (e.g. via untreated
surface water, wild harvest or introduction of stocks of unknown risk status).

iii) If more than one water source is used for fish production, fish from all water sources should be
included in the sample.

3.2. Selection of organs or tissues

The optimal tissues material-to-be-examined-s-are spleen, anterior kidney, heart and encephalon. When
sampling broodstock, tr-seme-cases;-ovarian fluid and milt can be takenmustbe-examined.

In case of small fry, whole fish less than 4 cm long can be minced with sterile scissors or a scalpel after
removal of the body behind the anal pore-gut-epening. If a sample consists of whole fish with a body
length between 4 cm and 6 cm, the viscera including kidney should be collected. For larger size fish,
kidney, spleen, heart and encephalon, and ovarian fluid from brood fish at the time of spawning should
be the tissues to be sampled.

3.3. Samples or tissues not suitable for pathogen detection

VHSV is very sensitive to enzymatic degradation, therefore, sampling tissues with high enzymatic
activities, such as viscera and liver, or large nhumbers of contaminating bacteria, such as the intestine or
skin, should be avoided. Preservatives and fixatives, such as RNAlater and formaldehyde can be toxic to
tissue culture cells such as epithelioma papulosum cyprini (EPC) and fathead minnow (FHM), and can
impact molecular detection methods (Auinger et al., 2008; Pham et al., 2018).

3.4. Non-lethal sampling

Fin and gill biopsies were shown to be effective nonlethal samples for detection of VHSV genotype IVb
(Cornwell et al.,, 2013) in clinically diseased fish and nested reverse-transcription polymerase chain
reaction (RT-PCR) on blood samples from infected fish was also shown to be effective-efficient for VHSV
detection (Lopez-Vazquez et al., 2006a). In the case of brood fish, ovarian fluid and milt can be used for
testing as an alternative to lethal testing. However, re-non-lethal samplings methods have not been fully

validated for detection of all VHSV genotypes-and-are-therefore-notpreseribed-in-this-chapter.

3.5. Preservation of samples for submission
For guidance on sample preservation methods for the intended test methods, see Chapter 2.3.0.
3.5.1.Samples for pathogen isolation

The success of pathogen isolation and results of bioassay depend strengly heavily on the quality of
samples (time since collection and time in storage). Fresh specimens should be kept on ice and
preferably sent to the laboratory within 24 hours of collection. Alternate storage methods should be used
only after consultation with the receiving laboratory.

Before transfer to the laboratory, pieces of the organs to be examined should be removed from the fish
with sterile dissection tools and transferred to sterile plastic tubes containing at least 4 ml transport
medium, i.e. cell culture medium with 10% fetal calf serum (FCS) and antibiotics. The combination of
200 International Units (IU) penicillin, 200 pg streptomycin, and 200 pg kanamycin per ml are
recommended, although other antibiotics of proven efficiency may also be used. The tissue in each
sample should be larger than the analytical unit size required for initial laboratory testing (e.g. between
0.5 and 2 g) and taken in duplicate if retesting may be required.

Tubes containing fish tissues in transport medium for cell cultivation should be placed in insulated
containers, such as thick-walled polystyrene boxes, together with sufficient ice or an alternative cooling
medium with the similar cooling effect to ensure chilling of the samples during transportation to the
laboratory. However, freezing of the samples should be avoided. The temperature of a sample during
transit must never exceed 10°C and ice must still be present in the transport box at receipt or one or
more freeze blocks must still be partly or completely frozen.
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Whole fish may be sent to the laboratory if the temperature requirements referred to in the first
paragraph during transportation can be fulfilled. Whole fish should be wrapped up in paper with
absorptive capacity and enclosed in a plastic bag. Live fish may also be transported to the laboratory. All
packaging and labelling must be performed in accordance with present current national and international
transport regulations, as appropriate.

The virological examination for isolation in cell culture should be started as soon as possible and no later
than 48 hours after the collection of the samples. In exceptional cases, the virological examination may
be started at the latest within 72 hours after the collection of the material, provided that the material to be
examined is protected by a transport medium and that the temperature requirements during
transportation can be fulfilled.

3.5.2.Preservation of samples for molecular detection
Samples can be taken from the fish in accordance with the procedure described in Section 3.5.1., using
a sterile instrument, and transferred to a sterile plastic tube containing transport medium.

Alternatively, samples may be placed in at least five volumes of RNA stabilisation reagents according to
the recommendation from the manufacturers. Samples in RNA stabilising reagents can be shipped on
ice or at room temperature if transport time does not exceed 24 hours.

Whole fish may also be sent to the laboratory (see Section 3.5.1.).

Samples may also be frozen at =80°C and kept frozen until assayed (Siah et al., 2014).

3.5.3.Samples for histopathology, immunohistochemistry or in-situ
hybridisation

Tissue samples for histopathology should be fixed in 10% neutral buffered formalin immediately after
collection. The recommended ratio of fixative to tissue is 10:1. To avoid excessive cross-linking, tissue
should be transferred to ethanol after 24 hours if methods other than histopathology are used e.g. in-situ
hybridisation.

3.5.4.Fixed samples for electron microscopy

se&@hapte%—%eeﬂemm%h—yeﬂm%head%w&ge#m&ype%—Samphng for electron mlcroscopy is not
relevant for diagnostic purposes. Samples for electron microscopy are not routinely required and are
oIIected only when it is conS|dered beneficial to faC|I|tate further diagnostic |nvest|gat|on A2 mm cubed

he recommended ratio of fixative to tissue is 10:1.
3.5.5.Samples for other tests

If samples are processed for ELISA or other immunochemical assays, the procedures described in
Section 3.5.1. for pathogen isolation should be followed.

3.6. Pooling of samples

The effect of pooling on diagnostic sensitivity has not been evaluated, therefore, larger fish should be
processed and tested individually. However, samples, especially fry or specimens up to 0.5 g, can be pooled
to obtain enough material for virus isolation or molecular detection.

4 .Diagnostic methods

The methods currently available for identifying infection that can be used in i) surveillance of apparently
healthy populations), ii) presumptive and iii) confirmatory diagnostic purposes are listed in Table 4.1. by life
stage. The designations used in the Table indicate:

Key:

+++ = Recommended method(s) validated for the purpose shown and usually to stage 3 of the OIE
Validation Pathway;

++ = Suitable method(s) but may need further validation;

+= May be used in some situations, but cost, reliability, lack of validation or other factors

severely limits its application;
Shaded boxes = Not appropriate for this purpose.

The selection of a test for a given purpose depends on the analytical and diagnostic sensitivities and
specificities, and repeatability and reproducibility. OIE Reference Laboratories welcome feedback on
diagnostic performance for assays, in particular PCR methods, for factors affecting assay analytical sensitivity
or analytical specificity, such as tissue components inhibiting amplification, presence of nonspecific or
uncertain bands, etc., and any assays that are in the +++ category.
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Table 4.1. OIE recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and
investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of C. Confirmatory diagnosis” of a
animals clinically affected animals suspect result from surveillance or
Method presumptive diagnosis
Early life Early Early life
> | Juveniles® | Adults LV life Juveniles® | Adults | LV > | Juveniles® Adults LV
stages 2 stages
stages
Wet mounts
Immunohistopathology® ++ B 24+ 2
Histopathology® ++ ++ i
Cell culture +++ +++ +++ 3 +++ +++ +++ 3 +++ +++ +++ 3
Real-time PCR +++ +++ +++ 3 +++ +++ +++ 3 +++ +++ +++ 3
Conventional RT-PCR ++ ++ ++ 3 +++ ++ +++ 3 +++ ++ +++ 3
Amplicon sequencing4 +++ +++ +++ 3
In-situ hybridisation
Bioassay
LAMP
Ab-ELISA + ++ 2
Ag-ELISA +° 40 +4° 1
IFAT ++ ++ ++ 2 +4° ++° ++° 2
Serum neutralisation for
Ab detection ] i 2

LV = level of validation, refers to the stage of validation in the OIE Pathway (chapter 1.1.2); RT-PCR = reverse-transcription polymerase chain reaction; LAMP = loop-mediated
isothermal amplification; Ab- or Ag-ELISA = antibody or antigen enzyme-linked immunosorbent assay, respectively; IFAT = indirect fluorescent antibodgl test;
'For confirmatory diagnoses, methods need to be carried out in combination (see Section 6). 2Early and juvenile life stages have been defined in Section 2.2.4. “Histopathology
and cytopathology can be validated if the results from different operators has been statistically compared. *Sequencing of the PCR product. 5onIy for identification of cultured
pathogen. Shading indicates the test is inappropriate or should not be used for this purpose.
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4.1. Wet mounts

Not relevant.

4.2. Histopathology and cytopathology

The kidney, liver and spleen show extensive focal necrosis and degeneration — cytoplasmic vacuoles,
pyknosis, karyolysis, and lymphocytic invasion. While the skeletal muscle does not appear to be a site of
infection, erythrocytes can accumulate in the skeletal muscle bundles and fibres without causing
damage to the muscle per se (Evensen et al., 1994).

4.3. Cell or artificial media culture for isolation

The recommended cell lines for VHSV detection are bluegill fry (BF-2), epithelioma papulosum cyprini
(EPC) or fathead minnow (FHM). Susceptibility of a cell line to VHSYV infection will depend on a range of
parameters, including cell-line lineage or viral strain differences. Generally, VHSV isolates belonging to
either genotypes |, I, or Il culture best on BF-2 (Lorenzen et al., 1999), while genotype IV isolates
culture best on the EPC cell line (US Department of the Interior, 2007).

4.3.1.Cell lines

Cell lines should be monitored regularly (e.g. every 6 months) to ensure that susceptibility to targeted
pathogens has not changed.

Cells are grown at 20-24°C in a suitable medium, e.g. Eagle’s minimal essential medium (MEM) (or
modifications thereof) with a supplement of 10% fetal bovine serum (FBS) and antibiotics in standard
concentrations. When the cells are cultivated in closed vials, it is recommended to buffer the medium
with bicarbonate. The medium used for cultivation of cells in open units may be buffered with Tris/HCI
(23 mM) and Na-bicarbonate (6 mM), or with HEPES-buffered medium (HEPES=N-2-hydroxyethyl-
piperazine-N-2-ethanesulphonic acid). The pH must be maintained at 7.6 = 0.2. Cell cultures to be used
for inoculation with tissue material should be young (4—48 hours old) and actively growing (not confluent)
at inoculation. Cell susceptibility can be enhanced by reducmg the amount of FBS to 2%. Pre-treatment
of cells with 7% (w/v) PEG-20,000 solution (10-15 ul/cm ) 15-30 minutes prior to sample inoculation
has also been shown to increase detection of VHSV in culture (Batts et al., 1991).

4.3.2.Sample preparation and inoculation

i) Note: Tissue and fluid samples should be kept cool throughout sample preparation procedures.
Homogenise tissue samples using mortar and pestle;—stemacher—polytron-orequivalent-or a tissue
homogeniser. A small volume of media (MEM-4 or HBSS [Hank’s balanced salt solution] +
antibiotics) may be needed to achieve complete homogenisation.

i) Adjust the volume of media to a final ratio of 10:1 (media:tissue) and mix thoroughly. For fluid
samples adjust the volume of media to a final ratio of 1:1.

iii) Centrifuge the homogenate or fluid samples at 2000—-4000 g for 15 minutes at 2-5°C.

iv) Remove the supernatant and pass through a 0.45 pM membrane filter (if avallable) or treat for either
4 hours at 15°C or overnight at 4°C with antibiotics, e.g. gentamicin 1 mg mi™

If the sample cannot be inoculated within 48 hours after collection, the supernatant may be stored at
—80°C provided virological examination is carried out within 14 days.

v) If samples originate from an area where infectious pancreatic necrosis virus (IPNV) is present,
supernatants may be treated with IPNV antiserum. Mix the supernatant with equal parts of a suitably
diluted pool of antisera to the indigenous serotypes of IPNV and incubate for a minimum of one hour
at 15°C or up to 18 hours at 4°C. The titre of the antiserum must be at least 1/2000 in a 50% plaque
neutralisation test.
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Treatment of all inocula with antiserum to IPNV i

i aims at preventing cytopathic effect (CPE) caused by IPNV from developing in
inoculated cell cultures. This will reduce the duration of the virological examination as well as the
number of cases in which occurrence of CPE would have to be considered potentially indicative of
VHSV. When samples come from production units that are considered free from infection with IPNV,
treatment of inocula with antiserum to IPNV may be omitted.

vi) Samples are inoculated into cell cultures in at least two dilutions, i.e. the primary dilution and a 1:10
dilution thereof, resulting in final dilutions of tissue material in cell culture medium of 1:100 and
1:1000, respectively. The ratio between inoculum size and volume of cell culture medium should be
about 1:10. For each dilution and each cell line, a minimum of about 2 cm? cell area, corresponding
to one well in a 24-well cell culture tray, has to be used. Use of cell culture trays is recommended,
but other units of similar or with larger growth area are also acceptable.

vii) Inoculated cell cultures are incubated at 15°C for 7-10 days. Using a microscope with 40-150x
magnification, cultures should be inspected for toxicity the day after inoculation, particularly if
supernatant was not filtered in step iv. The use of a phase-contrast microscope is recommended.

viii)Monitor the cells regularly (2—-3 times a week) for the presence of CPE.

If CPE is observed, virus identification is required using tests recommended in Section 6. If no CPE is
observed after the primary incubation period, subcultivation is performed.

Subcultivation

i) Remove cell culture supernatant from the primary culture and inoculate a newly (<48 hours) seeded
cell culture plate.

i) Incubate inoculated plates at 15°C and monitor for 7-10 days as described above.

If CPE is observed, virus identification is required using tests recommended in Section 6. If no CPE is
observed after the primary incubation period or subcultivation, the sample is negative.

4.4. Nucleic acid amplification

Use of molecular tests (RT-PCR and real-time RT-PCR) is common because of their rapidity, sensitivity and
specificity. Real-time RT-PCR tests are generally more sensitive than conventional RT-PCR tests. These
tests for virus detection and identification during the acute stage of disease has been justified for a number
of years. At In the acute stage of infection, the sensitivity of some RT-PCR (Kim et al., 2018) and real-time
RT-PCR tests (Garver et al., 2011; Jonstrup et al., 2013) is comparable to detection by cell culture and
subsequent identification. The molecular methods described in this chapter are all targeting the
Nnucleoprotein gene, as it is the highest transcribed gene in the VHSV genome (Chico et al., 2006).

Recently, a novel one-step RT-PCR test was developed and validated (Kim et al., 2018) to be used instead
of the previously recommended conventional RT-PCR for detecting VHSV. This novel assay has a higher
sensitivity detecting all VHSV genotypes, and outperforms the old method, particularly in detecting genotype
IV.

For detecting all genotypes of VHSV with real-time RT-PCR, the ene-step-methods of Jonstrup et al. (2013)
and Garver et al. (2011) have has-been yalidated to stage 3 validated, showing a sensitivity similar to
detection by cell culture. TheseFhis-methods; have having-high analytical and diagnostic sensitivity and
specificity, and has-been-shown-to-be-highly-are robust across laboratories (Garver et al., 2011; Jonstrup et
al., 2013; Warg et al., 2014a; 2014b).

The following controls should be run with each assay: negative extraction control; positive control; no
template control; internal PCR control.
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4.4.1. Real-time RT-PCR

Total RNA can be purified from: aliquots of cell culture medium from infected monolayer cells; or
tissue/organs homogenised in MEM specified in Section 4.3.1, tissue samples in RNA stabilising
reagent, fresh or frozen tissue samples, ovarian fluid.

In the case of culture medium from infected monolayer cells, or in tissue homogenised in MEM,
aliquots should be centrifuged at 1000 g for 5 minutes to remove cell debris.

One-step (Jonstrup et al., 2013) and two-step (Garver et al., 2011) real-time RT-PCR assays
targeting the nucleoprotein gene of VHSV have been stage 3 validated and are described herein.

Positive and negative controls should be included with each stage of the assay: extraction, reverse-
transcription (two-step assay only) and real-time PCR. An internal (endogenous) PCR control can be
included however given the large number of fish species susceptible to infection with VHSV, the
selection of an internal control is not trivial. If an endogenous control is to be used, primers and
probes have to be designed, optimised and validated for each fish species to be tested.

Total RNA from infected cells and/or tissues is extracted using a phase-separation method (e.g.
phenol-chloroform or Trizol) or by use of a commercially available RNA isolation kit used according
to the manufacturer’s instructions.

One-step real-time RT-PCR

In one-step RT-PCR gene-specific primers are used both to generate a cDNA transcript and for real-
time PCR. Both reactions occur in the same tube, which minimises the probability of contamination.
The one-step real-time RT-PCR amplification can be performed using forward primer 5 -AAA-CTC-
GCA-GGA-TGT-GTG-CGT-CC-3’, reverse primer: 5-TCT-GCG-ATC-TCA-GTC-AGG-ATG-AA-3’,
and FAM-labelled probe: 6'-FAM-TAG-AGG-GCC-TTG-GTG-ATC-TTC-TG-BHQL1. Primers are used
at a final concentration of 900 nM and the final probe concentration is 250 nM. 5 pl of extracted RNA
(50 ng—2 ug) is added to each 25 pl PCR reaction. The assay was validated using Quantitect Probe
RT-PCR kit (Qiagen, Germany) following the manufacturer’s instructions and is recommended as
other one-step kits have demonstrated reduced sensitivity (Jonstrup et al., 2013). Thermal cycling
conditions are 50°C for 30 minutes, 95°C for 15 minutes, 40 cycles of 94°C for 15 seconds, 60°C for
40 seconds, 72°C for 20 seconds.

Two-step real-time RT-PCR
i)  Step 1: Reverse-transcription

Extracted RNA is reverse transcribed non-discriminately into cDNA using random primers. The
cDNA synthesis reactions and cycling conditions are best performed using manufacturer's
instructions for commercially available kits which have been extensively tested with a variety of
RNA templates, including GC- and AU-rich targets and RNAse expressed at low levels.

ii)  Step 2: Real-time PCR

The TagMan real-time PCR assay uses forward primer 5'-ATG-AGG-CAG-GTG-TCG-GAG-G-
3’, reverse primer 5-TGT-AGT-AGG-ACT-CTC-CCA-GCA-TCC and FAM-labelled probe 5'-
6FAM-TAC-GCC-ATC-ATG-ATG-AGT-MGBNFQ-3'. Primers are used at a final concentration
of 600 nM, and the final concentration of the probe is 200 nM. 2.5 pl of cDNA product is added
to each 25 pl PCR reaction. Thermal cycling conditions are 50°C for 2 minutes, 95°C for
10 minutes followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute.

A sample is negative if no Ct (threshold cycle) is recorded, while samples with a Ct are considered
positive for VHSV. Cut-off value depends on the set-up in each laboratory but is usually set at Ct
2 40).

4.4.2. Conventional PCR

RNA isolation is done as in Section 4.4.1. Positive and n iv ntrols shoul run with
stage of the assays: extraction, RT-PCR and second round PCR. Due to the sensitive nature of
PCR-based assays it is highly recommended that master mix, template addition and PCR
amplification occur in designated hoods or spatially separated areas.

A one-step RT-PCR should be performed as described by Kim et al. (2018) with 3F2R primer set:
forward primers (3F, 5’-(GGG-ACA-GGA-ATG-ACC-ATG-AT-3’) and reverse primer (2R, (5-TCT-
GTC-ACC-TTG-ATC-CCC-TCC-AG-3’) targeting a 319 nt region in the nucleoprotein gene
(positions 658-977).
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The RT-PCR can be performed using, e.g. Qiagen OneStep RT-PCR System (Qiagen, Germany) or
similar kit, according to the manufacturer’s instructions. Briefly, the reaction mixture is adjusted to a
final volume of 25 pl including 5 pl of extracted viral RNA, 5 pl 5 x One Step RT-PCR Buffer
containing 12.5 mM MgCI; (final concentration 2.5 mM), 10 pM of each primer, and 1 pl of enzyme
mix.

The following cycles are recommended: 50°C for 30 minutes, 95°C for 15 minutes, 35 cycles at 94°C
for 30 seconds, 60°C for 30 seconds, and 68°C for 60 seconds. Subsequently, the reaction is held at
68°C for 7 minutes.

4.4.3. Other nucleic acid amplification methods

To date, no other nucleic acid amplification method capable of universal VHSV detection has been
sufficiently validated.

4.5. Amplicon sequencing

Nucleotide sequencing of the glycoprotein gene is commonly used for identification of genetic strains and
for epidemiological study and is recommended as one of the final steps for confirmatory diagnosis. There
are several conventional PCR assays available that amplify the central (669 nt) or full (1524 nt) glycoprotein
gene coding sequence, but there are limited validation data. The glycoprotein gene can be amplified by
conventional PCR using the primer sets and concentrations listed in Table 4.2. The reverse transcription
and subsequent PCR amplification can be done using a kit designed for that purpose according to
manufacturing instructions.

Table 4.2. Primer sets for the conventional PCR

Primer | Sequence (5’-3’) Product size Final primer Reference
(bp) concentration
GB+ GTC-GAA-GAA-GAG-ATA-GGC 0.6 uM Einer-Jensen
1757 et al., 2004 _
GB- GTT-GGG-TCG-CCA-TGT-TTC-T 0.6 uM Gudmundsdottir
et al., 2019
G330+ | ACT-ACC-TAC-ACA-GAG-TGA-C 914 0.2 uM
G1243- | CAA-TTT-GTC-CCC-GAA-TAT-CAT 0.2 yM Garver et al
G422+ TCC-CGT-CAA-GAG-GCC-AC 60 0.2 M 2013
G1179- | TTC-CAG-GTG-TTG-TTT-ACC-G 0.2 yM

4.6. In-situ hybridisation
Not relevant in relation to primary diagnosis and surveillance of infection with VHSV.
4.7. Immunohistochemistry

Immunohistochemistry reveals VHSV-positive endothelial cells, primarily in the vascular system (Evensen et
al., 1994). Specific polyclonal and monoclonal antibodies for immunohistochemistry are commercially
available.

4.8. Bioassay
Not relevant in relation to primary diagnostics and surveillance of infection with VHSV.

4.9. Antibody- or antigen-based detection methods

Antibody- and antigen-based detection methods should not be used as a method of screening healthy
populationsmethod.
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4.9.1. Antigen enzyme-linked immunosorbent assay (ELISA)

i) Coat the wells of microplates designed for enzyme-linked immunosorbent assays (ELISAs) with
appropriate dilutions of protein-A purified immunoglobulins (Ig) from rabbit anti sera against VHSV in
carbonate buffer, pH 9.6 (50 pl well™).

i)  Incubate overnight at 4°C.

iii)  Rinse in phosphate-buffered saline (PBS) containing 0.05% Tween-20 (PBST).

iv)  Add 1% Triton X-100 to the virus suspension to be identified.

v) Dispense 50 pl well™ of two- or four-step dilutions (in PBST containing 1% bovine serum albumin) of

the virus to be identified and of VHSV control virus, as well as a negative control (e.g. infectious
haematopoietic necrosis virus [IHNV]), and allow to react with the coated antibody to VHSV for 1 hour
at 37°C.

vi) Rinsein PBST.

vii) Add to the wells monoclonal antibodies to VHSV N protein (IP5B11) 50 pl well™.
viii) Incubate for 1 hour at 37°C.

ix) Rinsein PBST.

X) Add to the wells (50 pl Well"l) horseradish peroxidase (HRP)-conjugated monoclonal anti-mouse
antibodies.

xi)  Incubate for 1 hour at 37°C.
xii) Rinse in PBST.

xiii) Visualise the reaction using TMB (3,3’,5,5’-tetramethylbenzidine) and measure the absorbance at a
wavelength of 450 nm.

The above ELISA version is given as an example. Other ELISA versions of demonstrated performance
may be used instead.

For positive controls, use cell culture supernatant from cultures inoculated with known VHSV isolate.

For negative controls, use cell culture supernatant from same cell line inoculated with heterologous
virus (e.g. IHNV) or from non-infected culture.

4.9.2, Indirect fluorescent antibody test (IFAT)

i) Prepare monolayers of cells in 2 cm? wells of cell culture plastic plates or on cover-slips to reach
around 80% confluence, which is usually achieved within 24 hours of incubation at 22°C (seed six cell
monolayers per virus isolate to be identified, plus two for positive and two for negative controls). The
FCS content of the cell culture medium can be reduced to 2—-4%. If numerous virus isolates have to be
identified, the use of Terasaki plates is strongly recommended.

i)  When the cell monolayers are ready for infection, i.e. on the same day or on the day after seeding,
inoculate the virus suspensions to be identified by making tenfold dilution steps directly in the cell
culture wells or flasks.

iii)  Dilute the control virus suspension of VHSV in a similar way, in order to obtain a virus titre of about
5000-10,000 plaque-forming units (PFU) ml™ in the cell culture medium.

iv) Incubate at 15°C for 24 hours.
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v)  Remove the cell culture medium, rinse once with 0.01 M PBS, pH 7.2, then three times briefly with a
cold mixture of acetone 30% and ethanol 70% (v/v) (stored at —20°C).
vi) Let the fixative act for 15 minutes. A volume of 0.5 ml is adequate for 2 cm? of cell monolayer.

vii) Allow the cell monolayers to air-dry for at least 30 minutes and process immediately or freeze at
—20°C.

viii) Prepare a solution of purified VHSV antibody or serum in 0.01 M PBST, pH 7.2, at the appropriate
dilution (which has been established previously or is given by the reagent supplier).

ix) Rehydrate the dried cell monolayers by using four rinsing steps with the PBST solution and remove
this buffer completely after the last rinse.

X)  Treat the cell monolayers with the antibody solution for 1 hour at 37°C in a humid chamber and do not
allow evaporation to occur, e.g. by adding a piece of wet cotton in the humid chamber. The volume of
solution to be used is 0.25 ml per £2 cm?® well™.

xi)  Rinse four times with PBST as above.

xii) Treat the cell monolayers for 1 hour at 37°C with a solution of fluorescein isothiocyanate (FITC)- or
tetramethylrhodamine-5-(and-6-) isothiocyanate (TRITC)-conjugated antibody to the immunoglobulin
used as the primary antibody and prepared according to the instructions of the supplier. These
conjugated antibodies are most often rabbit or goat antibodies.

xiii) Rinse four times with PBST.

xiv) Examine the treated cell monolayers on plastic plates immediately, or mount the cover-slips using, for
example glycerol saline, pH 8.5 prior to microscopic observation.

xv) Examine under incident UV light using a microscope with x10 eye pieces and x20-40 objective lens
having numerical aperture >0.65 and >1.3 respectively. Positive and negative controls must yield the
expected results prior to any other observation.

Other IFAT or immunocytochemical (alkaline phosphatase or peroxidase) techniques of demonstrated
performance may be used instead.

Always include positive control such as wells or coverslip with cells infected with a known VHSV
isolate.

4.10. Other serologieal methods
4.10.1. Neutralisation test

) Collect the culture medium of the cell monolayers exhibiting CPE and centrifuge it at 2000 g for
15 minutes at 4°C, or filter through a 0.45 pm (or 450 nm) pore membrane to remove cell debris.

ii)  Dilute virus-containing medium from 107 to 107,

iii)  Mix aliquots (for example 200 pul) of each dilution with equal volumes of a VHSV antibody solution
and, likewise, treat aliquots of each virus dilution with cell culture medium. The neutralising
antibody [NAD] solution must have a 50% plague reduction titre of at least 2000.

iv) In parallel, another neutralisation test must be performed against a homologous virus strain
(positive neutralisation test).

v) If required, a similar neutralisation test may be performed using antibodies to IPNV.

vi) Incubate all the mixtures at 15°C for 1 hour.
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vii) Transfer aliquots of each of the above mixtures on to 24-48 hour-old monolayers, overlaid with
cell culture medium containing 10% FCS (inoculate two wells per dilution), and incubate at 15°C;
24- or 12-well cell culture plates are suitable for this purpose, using a 50 ul inoculum.

viii) Check the cell cultures for the onset of CPE and read the result as soon as it occurs in non-
neutralised controls (cell monolayers being protected in positive neutralisation controls). Results
are recorded either after a simple microscopic examination (phase contrast preferable) or after
discarding the cell culture medium and staining cell monolayers with a solution of 1% crystal
violet in 20% ethanol.

ix) The tested virus is identified as VHSV when CPE is prevented or noticeably delayed in the cell
cultures that received the virus suspension treated with the VHSV-specific antibody, whereas
CPE is evident in all other cell cultures.

X) In the absence of any neutralisation by NAb to VHSV, it is mandatory to conduct an RT-PCR, an
ELISA or IFAT, using the suspect sample. Some cases of antigenic drift of surface antigen have
been observed, resulting in occasional failure of the neutralisation test using NAb to VHSV.

Other neutralisation tests of demonstrated performance may be used instead.

5.Test(s) recommended for surveillance to demonstrate freedom in

apparently healthy populations

Virus isolation, real-time RT-PCR and conventional PCR are the recommended tests for surveillance to
demonstrate freedom of disease in apparently healthy population.

.Corroborative diagnostic criteria

This section only addresses the diagnostic test results for detection of infection in the absence (Section 6.1.)
or in the presence of clinical signs (Section 6.2.) but does not evaluate whether the infectious agent is the
cause of the clinical event.

The case definitions for a suspect and confirmed case have been developed to support decision making
related to trade and confirmation of disease status at the country, zone or compartment level. Case definitions
for disease confirmation in endemically affected areas may be less stringent. It is recommended that all
samples that yield suspect positive test results in an otherwise pathogen-free country or zone or compartment
should be referred immediately to the OIE Reference Laboratory for confirmation, whether or not clinical signs
are associated with the case. If a laboratory does not have the capacity to undertake the necessary
diagnostic tests it should seek advice from the appropriate OIE Reference Laboratory.

6.1. Apparently healthy animals or animals of wunknown health
status?

6.1.1.Definition of suspect case in apparently healthy animals

The presence of infection with VHSV shall be suspected if at least one of the following criteria is met:
i)  VHSV-typical CPE in cell cultures-befere-cenfirmation;

ii) A positive result from a real-time PCR assay;

iii) A positive result from a conventional PCR assay;

iv)  Detection of antibodies (by Ab-ELISA or serum neutralisation in adults only).

4

For example transboundary commodities.
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6.1.2.Definition of confirmed case in apparently healthy animals

The presence of infection with VHSV is considered to be confirmed if, in addition to the criteria in Section
6.1.1., one or more of the following criteria is met:

#) VHSV isolation in cell culture, followed by virus identification by real-time RT-PCR, Ag-ELISA, or
IFAT and detection of VHSV in tissue preparations by conventional RT-PCR and sequencing of the
amplicon;

IFAT and detection of VHSV in tissue preparations by real-time RT-PCR;
i) Detection of VHSYV in tissue preparations by real-time RT-PCR, and by a conventional RT-PCR
(targeting a non-overlapping region of the genome) and sequencing of the amplicon

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.2Clinically affected animals

No clinical signs are pathognomonic for infection with VHSV however, they may narrow the range of
possible diagnoses.

6.2.1. Definition of suspect case in clinically affected animals

The presence of infection with VHSV shall be suspected if at least one of the following criteria is met:

i)  Gross pathology or clinical signs associated with infection with VHSV as described in this chapter,
with or without elevated mortality;

ii)  Histopathological changes consistent with infection with VHSV as described in this chapter;

iii) A positive result from real-time PCR-conventiohal PCR-or-FAT;

iv) A positive result from a conventional PCR;

v) A positive result by IFAT

vi) VHSV-typical CPE-Cytepathiceffect in cell culture.

6.2.2.Definition of confirmed case in clinically affected animals

The presence of |nfect|on Wlth VHSV shaII be confirmed |f in addmgn IQ th e criter| a Segl Qn 5

eembmauewg e gr mgrg of ;hg fgllgwmg g iter g is g;

i)  VHSV isolation in cell culture, followed by virus identification by real-time RT-PCR, Ag-ELISA, or
IFAT and detection of VHSV in tissue preparations by conventional RT-PCR and sequencing of the
amplicon;

i) VHSV isolation in cell culture, follow virus identification by real-time RT-PCR, Ag-ELISA, or
IEAT and detection of VHSV in tissue preparations by real-time RT-PCR;

ii Detectlon of VHSV in tlssue preparatlons by real-time RT- PCR and by a conventlonal RT-PCR
f the g
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Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.3. Diagnostic sensitivity and specificity for diagnostic tests
The diagnosti rforman f recommen for surveillan r diagnosis of infection with VHSV
are provided in Table 6.3. This information can be used for the design of surveys for infection with
VHSV, however, it shoul n h iagnosti rformance i ifi he circumstan f h
diagnostic accuracy study (including the test purpose, source population, tissue sample types and host

i nd diagnosti rformance may v nder differen nditions. D is only presen wher

tests are validated to atleast level two of the validation pathway described in Chapter 1.1.2. and the
information is available within lish iagnosti r i

Table 6.1. Diagnostic performance of tests recommended for surveillance or

diagnosis
Test Source Tissue or . Reference o
type Test purpose populations | sample types Species DSe (n) | DSp (n) test Citation
Cell Surveillance | Experimentally | Kidney, heart Y Real-time Jonstrup
culture infected fish and spleen Raintigwtrout | 86 (84) - RT-PCR etal, 2013
Cell Clinical Experimentally Kidn Atlantic 100 944 P -gol Garver et
culture diagnosi infected fish Kidney salmon (100) (100) tandard* L., 2011
Real- . .
time Surveillance E.xpenmenlt ally Kidney Atlantic 93 (30) 100 Cell culture Garver et
infected fish salmon (70) al., 2011
RT-PCR
Real- . .
time Surveillance E;;:;entmgr;‘tarl]ly Kldr:jey, lheart Rainbow trout | 90 (84) 14030 Cell culture ‘:O?Stzrg?
RT-PCR infected fis and spleen (43) etal, 2013

a compilation o jate k ] and virus isolation assa ) ) ;
DSe = diagnostic sensitivity, DSp = diagnostic specificity; n = number of samples used in the study .
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*
* *

NB: There are OIE Reference Laboratories for Infection with viral haemorrhagic septicaemia virus
(see Table at the end of this Aquatic Manual or consult the OIE web site for the most up-to-date list:
http://www.oie.int/en/scientific-expertise/reference-laboratories/list-of-laboratories/ ).

Please contact the OIE Reference Laboratories for any further information on infection with
viral haemorrhagic septicaemia virus

NB: FIRST ADOPTED IN 1995 AS VIRAL HAEMORRHAGIC SEPTICAEMIA;
MOST RECENT UPDATES ADOPTED IN 2012.
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CHAPTER 2.3.3.

INFECTION WITH GYRODACTYLUS SALARIS

EU comment
The EU in general supports the proposed changes to this chapter.
A couple of comments have been inserted within the text of this annex.

1. Scope

For the purpose of this chapter, Gyrodactylus salaris means infection with the pathogenic agent G. salaris
(G. salaris) of the Genus Gyrodactylus and Family Gyrodactylidae, Order Gyrodactylidea, and Class
Monogenea.

2. Disease information
2.1. Agent factors
2.1.1. Aetiological agent

Several strains or clades of G. salaris have been identified on the basis of genotyping with the
mitochondrial cytochrome oxidase 1 (CO1) marker (Hansen et al., 2003; 2007b; Meinila et al., 2002;
2004; Mieszkowska et al., 2018). Although there does not seem to be an unambiguous
correspondence between parasite strains as identified by CO1 and pathogenicity (Hansen et al.,
2007a), all strains recovered from Atlantic salmon (Salmo salar) that have been studied in laboratory
experiments, so far, are highly pathogenic to strains of Atlantic salmon. Strains non-pathogenic to
Atlantic salmon have been recovered from non-anadromous Arctic charr (Salvelinus alpinus) in Norway
(Olstad et al., 2007a; Robertsen et al., 2007) and rainbow trout (Oncorhynchus mykiss) in Denmark
(Jorgensen et al., 2007; Lindenstrom et al., 2003).

There has been a long taxonomic/scientific debate on whether Gydrodacytlus. thymalli, a species
described from grayling (Thymallus thymallus), is a junior synonym of G. salaris (see e.g. Hansen et al.,
2003; 2007a, 2007b; Meinila et al, 2004, Fromm et al, 2014), and most evidence favours such a
synonymization. The National Center for Biotechnology Information (NCBI) has accepted the
synonymization of G. salaris and G. thymalli with the result that all accessions of DNA sequences
previously assigned to G. thymalli are now assigned to G. salaris. Irrespective of this debate, strains
isolated from grayling have never been found pathogenic to Atlantic salmon in experimental trials (see
e.g. Sterud et al., 2002), and do not seem to occur on Atlantic salmon when in sympatry with grayling
(Anttila et al., 2008). In this chapter, it is assumed that G. salaris and G. thymalli are two species.

2.1.2. Survival and stability on host tissues

Survival of G. salaris attached to a dead host is temperature dependent: maximum survival times for
G. salaris on dead Atlantic salmon are 72, 142 and 365 hours at 18, 12 and 3°C, respectively (Olstad
et al., 2006).

2.1.3. Survival and stability off the host or in processed or
stored samples

Survival of detached G. salaris is temperature dependent: approximately 24 hours at 19°C, 54 hours at
13°C, 96 hours at 7°C and 132 hours at 3°C (Olstad et al., 2006). G. salaris is known to survive
between temperatures of 0°C to 25°C. Tolerance to temperatures above 25°C is unknown. G. salaris is
sensitive to freezing and desiccation. It dies after a few days at pH<5. It is more sensitive to low pH
(5.1<pH<6.4) in association with aluminium and zinc than the host Atlantic salmon (Poleo et al., 2004;
Soleng et al., 1999), and recently, it was also found that G. salaris is sensitive to low doses of chlorine
(Hagen et al., 2014). For inactivation methods, see Section 2.4.5.
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Host factors

2.2.1. Susceptible host species

Species that fulfil the criteria for listing as susceptible to infection with G. salaris according to Chapter
1.5. of the Aquatic Animal Health Code (Aquatic Code) include: Atlantic salmon (Salmo salar), rainbow
trout (Oncorhynchus mykiss), Arctic char (Salvelinus alpinus), brown trout (Salmo trutta), grayling
(Thymallus thymallus), and North American brook trout (Salvelinus fontinalis).

2.2.2. Species with incomplete evidence for susceptibility
None known.
2.2.3. Non-susceptible species

Species that have been found non-susceptible to infection with G. salaris according to Chapter 1.5. of
the Aquatic Code are: [under study].

2.2.4. Likelihood of infection by species, host 1life stage,
population or sub-populations

The prevalence and abundance of G. salaris on Atlantic salmon are higher than in other susceptible
species. All life stages are susceptible, but prevalence and abundance in Atlantic salmon are highest in
fry and parr stages, where mortality is also most likely to be observed.

2.2.5. Distribution of the pathogen on the host

G. salaris usually occurs on the fins of infected Atlantic salmon, but the parasite distribution on the host
may vary depending on intensity of infection (Jensen & Johnsen, 1992; Mo, 1992; Paladini et al.
2014). Parasites are also commonly found on the body but less commonly on the gills. On other hosts,
the distribution may be different, but in general the parasite is relatively less abundant on the fins and
relatively more common on the body compared with Atlantic salmon.

2.2.6. Aquatic animal reservoirs of infection

There are a number of combinations of host species and G. salaris strains which do not result in
clinical signs of disease and may, therefore, act as reservoirs of infection. Some stocks of Atlantic
salmon in the Baltic region are infected with G. salaris but do not generally show clinical signs or suffer
mortality (Anttila et al., 2008). G. salaris has been found in wild Artic charr without any observable
signs or mortality (Robertsen et al., 2007). Rainbow trout can be infected with some strains of G.
salaris at a very low prevalence and abundance without observable signs (Paladini et al., 2014).

2.2.7. Vectors

G. salaris parasites may attach themselves to species not considered susceptible species, for short
periods of time. Thus, any fish species could act as a vector, however, there is no evidence that they
are important in the epidemiology of G. salaris.

Disease pattern
2.3.1. Mortality, morbidity and prevalence

Mortality in farmed Atlantic salmon fry and parr can be 100% if not treated. Mortality in wild Atlantic
salmon fry and parr in Norwegian rivers can be as high as 98%, with an average of about 85%
(Johnsen et al, 1999). Mortality in other susceptible species is usually low to negligible.

Prevalence in susceptible strains of Atlantic salmon reaches close to 100% in wild parr in rivers
(Appleby & Mo, 1997); similarly, prevalence in farmed Atlantic salmon (in freshwater) rises to close to
100% within a short time after introduction of the parasite. Prevalence in resistant strains of Atlantic
salmon in rivers and farms is unknown. Prevalence in other susceptible species is usually much lower
than in Atlantic salmon and can be below 10% (e.g. in farmed rainbow trout; Buchmann & Bresciani,
1997).

2.3.2. Clinical signs, including behavioural changes

Usually there are no clinical signs in wild Atlantic salmon with infections of one or up to a few tens of G.
salaris parasites. In the early disease phase in susceptible stocks of wild Atlantic salmon, increased
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flashing (fish scratch their skin on the substrate) is typical. Later, fish may become greyish because of
increased mucous production and the fins may be eroded. Diseased fish are lethargic and are usually
found in slower-moving water.

Flashing is common among moderate to heavily infected farmed Atlantic salmon as they scratch their
skin on the bottom or wall of a tank or pond. Heavily infected fish may have reduced activity and stay in
low current areas.

Rainbow trout usually only carry low numbers of G. salaris parasites and do not show clinical signs.

2.3.3 Gross pathology

Heavily infected Atlantic salmon may become greyish as a result of increased mucification, and at a
later stage the dorsal and pectoral fins may become whitish as a result of increased thickness (mainly
hypertrophy) of the epidermis. As the infestation continues, fish may have eroded fins, especially
dorsal, tail and pectoral fins, because of parasite feeding. Secondary fungal infections (Saprolegnia
spp.) are commonly observed in fish with infection with G. salaris.

EU comment

In the above paragraph, the alteration of the fin is defined as ‘hypertrophy’
where the size of the cells increases. We consider that in this case the anatomo-
pathological alteration is more a ‘hyperplasia’, where the cells increase their
number but remain approximately with the same size. For this reason we
suggest replacing ‘hypertrophy’ by ‘hyperplasia’.

2.3.4. Modes of transmission and life cycle

G. salaris is an obligate parasite with a direct life cycle. Parasites give birth to live offspring, and there
are no other life stages. G. salaris can transfer to a new host via contact with live hosts, dead hosts,
detached parasites drifting in the water column, or parasites attached to the substrate.

G. salaris has spread between rivers and farms mainly by the translocation of live fish. Fish migrating
through brackish water can also spread the parasite between neighbouring rivers (see also Section
2.3.5). The risk of transmission is greater between rivers located within the same brackish water
system.

2.3.5. Environmental and management factors

Although G. salaris mainly lives in fresh water, it reproduces normally at salinities up to 5-6 ppt.
Survival at higher salinities is temperature dependent. For example at 1.4°C, G. salaris may survive for
240 hours, 78 hours and 42 hours at 10 ppt, 15 ppt and 20 ppt salinity, respectively, while at 12°C it
may survive for 72 hours, 24 hours and 12 hours at the same three salinities, respectively (Soleng &
Bakke, 1997).

G. salaris is sensitive to changes in the chemical composition of the water. It is sensitive to the most
commonly used chemicals for bath treatment of farmed salmon parr and eggs (e.g. high salinity
saltwater, formaldehyde and compounds containing chlorine and iodine). Furthermore, G. salaris is
sensitive to acidic solutions (pH 5.0-6.0) of aluminium sulphate ([Al2(SO4)s]) and zinc (ZN) (Poleo et
al., 2004; Soleng et al., 1999). As aluminium sulphate is less toxic to fish than to G. salaris in
moderately acidified waters, and this chemical has been used to eradicate the parasite from one river
system in Norway (Pettersen et al., 2007). G. salaris is sensitive to low doses of chlorine (Hagen et al.
2014).

2.3.6. Geographical distribution

G. salaris is restricted in its distribution to Europe. It has been recovered from farmed Atlantic salmon
or farmed rainbow trout in several (mainly northern) European countries. In the wild, the parasite has
been found on wild salmonids, mainly Atlantic salmon parr, in rivers in Russia, Sweden, Finland and
Norway. In some areas, the parasite continues to spread, and in 2015 it was detected on salmon parr
in a new area in the north of Russia. In 2006, infection with G. salaris was reported from fish farms in
Italy (Paladini et al., 2009) and, in 2007, from fish farms in Poland (Rokicka et al., 2007) and
Macedonia (Zietara et al., 2007). In 2009, G. salaris was identified from fish farms in Romania (Hansen
et al., 2014). The parasite has never been detected in the United Kingdom or in the Republic of Ireland.
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For recent information on distribution at the country level consult the WAHIS interface
(https://www.oie.int/wahis _2/public/wahid.php/Wahidhome/Home/index/newlang/en).

2.4. Biosecurity and disease control strategies
2.4.1. Vaccination

Vaccines are not available.

2.4.2. Chemotherapy including blocking agents
Not applicable.

2.4.3. Immunostimulation

Immunostimulation is not available.

2.4.4. Breeding resistant strains

In laboratory experiments, selected breeding of Atlantic salmon has resulted in increased survival
among the offspring (Salte et al., 2010). However, stocking rivers with resistant strains has not been
attempted because the stock will remain infected and thus the parasite may spread to other rivers with
susceptible hosts.

2.4.5. Inactivation methods

Not applicable.

2.4.6. Disinfection of eggs and larvae

Eggs that are transferred from infected farms should be disinfected (iodine-containing compounds have
been used).

2.4.7. General husbandry

Treatment of farmed salmonid populations with formaldehyde or other bath treatments will reduce the
prevalence and abundance of G. salaris and may therefore render detection more difficult.

Restocking with resistant strains of Atlantic salmon (e.g. Baltic Neva strain) in affected rivers is not
considered compatible with existing strain management of Atlantic salmon (i.e. preservation of the
genetic integrity of wild stocks) (Karlsson et al., 2019).

The spread of G. salaris between freshwater fish farms and between rivers may be avoided by
disinfection of equipment (e.g. fish nets) before translocation.

3. Specimen selection, sample collection, transportation and
handling

This section draws on information in Sections 2.2, 2.3 and 2.4 to identify populations, individuals and
samples that are most likely to be infected.

3.1. Selection of populations and individual specimens

Sampling wild healthy populations should take place during the late summer or autumn when
prevalence is highest. Atlantic salmon should be targeted. In farms, fish showing clinical signs of
infection (as described in Section_2.3.1) should be selected. Sampling should be avoided for a period
after treatment for ectoparasites. In the absence of clinical signs sampling in wild populations should
target year class 1+ and 2+ as these are more likely of being infected than 0+ patrr.

EU comment

In the paragraph above and to take account of climatic variations between
Member Countries, we suggest adding the following text at the end of the first
sentence: ‘Sampling wild healthy populations should take place during the late

summer or autumn or when the prevalence of the parasite is known to be at its
highest’
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3.2. Selection of organs or tissues

Detection of Gyrodactylus and identification of G. salaris is a two-step process. Firstly, gyrodactylid
parasite specimens are detected (e.g. on fish or fins) using optical equipment and picked out, and
individual parasites are identified to species level using other equipment and methods.

Fish should be examined as whole specimens either live under anaesthesia (for example, with
MS222), freshly killed, or preserved. In addition, fresh or preserved fins can be examined. Examination
of live, anaesthetised fish is very time-consuming and not recommended. When Atlantic strains of
Atlantic salmon parr are infected, almost all fish have at least one G. salaris on one of the fins. On
some fish, G. salaris specimens may occur on the body or head, including the nostrils, the gills and the
mouth cavity. The distribution of G. salaris on fins and other parts of the fish varies among fish species
and strains of Atlantic salmon. For all hosts the examination of whole fish is recommended as it will
increase the likelihood of detecting low intensity infections.

Live anaesthetised fish, freshly cut fins or EtOH-preserved fish or fins should be examined under a
binocular dissecting microscope with good illumination. The fish should be placed in a box and
completely covered in fresh water. Preserved fish can also be examined in EtOH. Living parasites are
more easily detected by their movements, thus disturbing light refraction on the skin of the fish should
be avoided. Live Gyrodactylus are colourless while EtOH-preserved Gyrodactylus specimens are
usually slightly opaque. Dark field illumination microscopy will increase the contrast and the parasites
will be detected more easily. The whole surface of the fish, including gills and mouth cavity, must be
examined. It is best to use two forceps for this process. The fins of relatively small fish, usually less
than 10 cm, can also be studied using illumination through the bottom of the microscope stage, which
makes Gyrodactylus specimens easy to observe.

3.3. Samples or tissues not suitable for pathogen detection

Dead fish, stored on ice, are not acceptable for Gyrodactylus examination, even if the fish are kept
separately in plastic bags, etc. The parasites die quickly if not covered in water and rapidly disintegrate.

3.4. Non-lethal sampling
Fish can be examined as live specimens under anaesthesia (for example, with MS222). Recently, a
non-lethal method for isolating specimens of gyrodactylid parasites from fish was developed and tested
on brown trout (Thrush et al., 2019). The method was shown to have a higher parasite recovery rate
compared to whole body examination of killed fish (84.6% and 51.9%, respectively). The method has
not yet been used on fish infected with G. salaris but it is likely to be effective.

In addition, environmental DNA (eDNA) methods for detection of G. salaris and its two main hosts,
Atlantic salmon and rainbow trout, in water samples have been developed (Rusch et al., 2018).
However, detection limits have not been established for these analyses.

3.5. Preservation of samples for submission

Fish should be killed immediately and should not be allowed to dry out before preservation. Whole fish
should be preserved in 80-100% EtOH in bottles large enough to provide excess space and
preservative. The concentration of EtOH after preservation should not be below 70%. As a rule of
thumb this concentration is obtained if the proportion of fish tissue to EtOH does not exceed 1:9. If the
concentration is lower, the mucous and epidermis may disintegrate and Gyrodactylus specimens, even
if they are preserved, may drop off. Bottles should have an opening wide enough to avoid the
possibility of scraping off Gyrodactylus specimens when fish are put into the bottle or when taken out
for examination. Bottles should be stored in a horizontal position until the tissue is fixed/preserved to
prevent the fish curling. When preservation of the fish is complete, the bottles can be stored in a
vertical position.

As G. salaris is common on fins of Atlantic salmon, fins cut off from the body and stored in EtOH as
described above can also be submitted. This is especially suitable for larger fish and under field
conditions where, for example, transport is limited.

Formaldehyde-fixed Gyrodactylus specimens are difficult to identify morphologically and are unsuitable
for DNA analysis.

3.5.1. Samples for pathogen isolation
Not applicable.

3.5.2. Preservation of samples for molecular detection

Tissue samples, i.e. isolated parasites, whole fish or fins, for PCR testing should be preserved in 70—
90% (v/v) analytical/reagent-grade (absolute) ethanol. The recommended ratio of ethanol to tissue is
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3.6.

9:1 based on studies in terrestrial animal and human health. The use of lower grade (laboratory or
industrial grade) ethanol is not recommended.

Template DNA should be prepared from live/fresh or EtOH-preserved specimens using a suitable DNA
preparation protocol. DNA extraction kits may be used according to the manufacturers’ instructions.

3.5.3. Fixed samples for histopathology, immunohistochemistry or
in-situ hybridisation

Not applicable.

3.5.4. Fixed samples for electron microscopy

Not applicable.

3.5.5. Samples for other tests

Preservation of samples for environmental DNA (eDNA) analyses

Several methods for filtering water for eDNA analyses exist and the method has also been developed
for use on G. salaris and its hosts, Salmo salar and Onchorhynchus mykiss (Rusch et al., 2018).
Duplicate water samples of 5 litres (2 x 5 litres) should be collected and filtered on site on to glass fibre
filters (47 mm AP25 Millipore, 2 um pore size, Millipore, Billerica, USA) using a suitable pump, tubing
and filter holder. Filters should be placed in separate zip-lock plastic bags containing silica gel and
stored dry and dark until further analysis in the laboratory.

Pooling of samples

Sampled fish can be pooled, although each fish should subsequently be examined and analysed
separately. Fins of fish from a farm or a river can be pooled and are also examined and analysed
separately, but in this instance each fin cannot be related to a certain fish host. Material from parasites
should not be pooled for molecular diagnostics.

Diagnostic methods

The

methods currently available for identifying infection for surveillance (in healthy populations),

presumptive and confirmatory diagnostic purposes are listed in Table 4.1. by life stage. The designations
used in the Table indicate:

Key:

+++ = Recommended method(s) validated for the purpose shown and usually to stage 3 of the
OIE Validation Pathway; OIE recommended method(s) will be mentioned in the text;

++ = Suitable method(s) but may need further validation;

+ = May be used in some situations, but cost, reliability, lack of validation or other factors

severely limits its application;

Shaded boxes = Not appropriate for this purpose.

The

selection of a test for a given purpose depends on sensitivity, specificity, repeatability and

reproducibility. OIE Reference Laboratories welcome feedback on diagnostic performance for assays, in
particular PCR methods, for factors affecting assay sensitivity or specificity, such as tissue components
inhibiting amplification, nonspecific or uncertain bands, etc., and any assays that are in the +++ category.
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Table 4.1. OIE recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and
investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of clinically | C. Confirmatory diagnosisl of a suspect
animals affected animals result from surveillance or presumptive

Method diagnosis

Early life

Early life
stages?®

Early life
stages?®

stages® Juveniles? Adults LV

Juveniles® | Adults | LV Juveniles® | Adults | LV

Morphological examination + + 1 + + 1

Histopathology®

Cytopathology®

Culture

Real-time PCR (using
parasite sample)

ddPCR/Real-time PCR (using
environmental sample)

Conventional PCR ++ ++ 2

Amplicon sequencing” 4 4 2

In-situ hybridisation

Bioassay

LAMP

Ab-ELISA

Ag-ELISA

LV = level of validation, refers to the stage of validation in the OIE Pathway (chapter 1.1.2); PCR = polymerase chain reaction; ddPCR = droplet digital PCR;
LAMP = loop-mediated isothermal amplification; Ab- or Ag-ELISA = antibody or antigen enzyme-linked immunosorbent assay, respectively;
'For confirmatory diagnoses, methods need to be carried out in combination (see Section 6). “Early and juvenile life stages have been defined in Section 2.2.3.
®Histopathology and cytopathology can be validated if the results from different operators has been statistically compared. “Sequencing of the PCR product.
Shading indicates the test is inappropriate or should not be used for this purpose
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Annex 15 (contd)

4.

4

4

4.

1. Morphological examination

Morphological identification of Gyrodactylus species is based on the morphology and morphometry of
marginal hooks anchors (hamuli) and bars in the opisthaptor (the attachment organ). Good preparation of
specimens is a prerequisite for species identification. Morphological identification is only recommended for
preliminary diagnosis of G. salaris and should not be used for confirmation, for which molecular methods
are recommended.

Digestion of the soft tissue, leaving the hard parts only, is recommended when high-resolution
morphometrics is required for reliable morphometric diagnosis. The soft tissue can be digested in a
solution (approx. 1 pl) of 75 mM Tris, 10 mM EDTA (ethylene diamine tetra-acetic acid), 5% SDS (sodium
dodecyl sulphate) and 100 mg mi™ proteinase K, pH 8.0. After adding the digestion solution, the reaction
should be inspected in the microscope until completion and then ended by adding a stop solution (1:1
glycerol and 10% neutral buffered formalin). The procedure for digestion is described in detail in Harris et
al., 1999. Identification of G. salaris should be in accordance with references: Cunningham et al., 2001;
Malmberg, 1957; 1970; McHugh et al., 2000; Olstad et al., 2007b; Shinn et al., 2004.

The size of the opisthaptoral hard parts in Gyrodactylus varies extensively with, for example, temperature,
whereas shape is more stable (see e.g. Mo, 1991a). The capability of linear measurements to capture
morphology might therefore not always be sufficient for reliable diagnosis (Olstad et al., 2007b).

Gyrodactylus salaris can be differentiated from Gyrodactylus species by trained morphologists on the
basis of morphology but not from G. thymalli (Olstad et al.,, 2007b). In addition, G. salaris is
morphologically similar to Gyrodactylus teuchis from brown trout, Atlantic salmon, and rainbow trout, but
can be differentiated by trained morphologists on the basis of the shape of the marginal hook sickle. G.
teuchis has a longer and more constantly curved sickle blade (see Cunningham et al., 2001).

.2. Histopathology and cytopathology

Not applicable.

. 3. Cell or artificial media culture for isolation

Not applicable.

4. Nucleic acid amplification
For all molecular tests below DNA can be extracted using standard DNA extraction kits.

4.4.1. Real-time PCR

Both real-time PCR (Collins et al., 2010) and digital droplet (dd) PCR (Rusch et al., 2018) have been
developed for G. salaris. Real-time PCR has not been widely applied for diagnostics of G. salaris, and
ddPCR is developed for use in connection with eDNA-methods. Both these methods target the ribosomal
internal transcribed spacers region (ITS) and have the same diagnostic limitations as described in
Sections 4.5.1 and 4.5.2.

4.4.2. Conventional PCR

Analysis of the ribosomal RNA gene internal transcribed spacer region (ITS)

For amplification of a 1300 base pair product of the ITS-region, covering ITS1, 5.8S, and ITS2, primers,
such as 5-TTT-CCG-TAG-GTG-AAC-CT-3 and 5-TCC-TCC-GCT-TAG-TGA-TA-3’, may be used. The
cycling conditions for PCR are as follows, initial denaturation at 95°C for 5 minutes; 30 cycles of 94°C for
1 minute, 50°C for 1 minute, 72°C for 2 minutes; final extension at 72°C for 7 minutes (Cunningham,
1997). If partially degraded material is analysed or if the PCR above does not give a positive result, the
ITS1 and ITS2 spacers can be amplified in two separate reactions using primer sets and PCR conditions
described in Matejusovéa et al., 2001. The amplification of ITS2 alone, using the primers 5’-CAT-CGG-
TCT-CTC-GAA-CG-3’ and 5-TCC-TCC-GCT-TAG-TGA-TA-3" and using the same protocol as above is
sufficient.

The primers for amplification of ITS are not specific to G. salaris and will amplify all or most species of
Gyrodactylus. Positive PCR products should thus be sequenced for species confirmation (Section 4.5).


http://www.oie.int/index.php?id=2439&L=0&htmfile=chapitre_gyrodactylus_salaris.htm#chapitre_gyrodactylus_salaris.biblio-3
http://www.oie.int/index.php?id=2439&L=0&htmfile=chapitre_gyrodactylus_salaris.htm#chapitre_gyrodactylus_salaris.biblio-3
http://www.oie.int/index.php?id=2439&L=0&htmfile=chapitre_gyrodactylus_salaris.htm#chapitre_gyrodactylus_salaris.biblio-47
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Analysis of the mitochondrial cytochrome oxidase | (CO1) gene

For amplification of the CO1-gene, the primers 5-ATA-TAG-ACG-ATT-TGT-TTT-CA-3’ and 5’-ACA-GAT-
TAC-TTG-GTA-TTA-CA-3’ (Kuusela et al., 2009) may be used to amplify the full-length gene (1600 base
pairs) which is recommended. The primers 5-TAA-TCG-GCG-GGT-TCG-GTA-A-3' and 5-GAA-CCA-
TGT-ATC-GTG-TAG-CA-3’) (Meinila et al., 2002) may be used to amplify a 800 base pairs fragment if the
first PCR is unsuccessful. The cycling conditions for both PCRs are as follows, initial denaturation at 95°C
for 5 minutes; 35 cycles of 95°C for 1 minute, 50°C for 1 minute, 72°C for 2 minutes; final extension at
72°C for 7 minutes. Additional primer sets for amplification of CO1 can be found in references: Meinila et
al., 2002; 2004, Kuusela et al., 2009.

Primers recommended for amplification of CO1 might not be specific for G. salaris. Positive PCR products
should thus be sequenced for species confirmation (Section 4.5).

The following controls should be run with each assay: negative extraction control; positive control; no
template control.

4.4.3. Other nucleic acid amplification methods

Not applicable.

4.5. Amplicon sequencing
4.5.1. ITS sequencing and sequence analysis

Amplified ITS fragments prepared as in Section 4.4.2 should be sequenced using the PCR primers and, in
addition, internal sequencing primers (Cunningham, 1997; Matejusova et al., 2001) should be used to
obtain overlapping reads of each nucleotide. The resulting ITS sequences should be subjected to a
BLAST search in GenBank/EMBL to establish identity with known sequences. Several sequences of other
species infecting salmonids, e.g. G. derjavini, G. derjavinoides, G. truttae, and G. teuchis are available in
GenBank/EMBL. G. thymalli cannot be distinguished from G. salaris by this method, but sequences of ITS
distinguishes G. salaris from all other known species. If the BLAST search identifies the parasite as G.
salaris, CO1 sequencing and sequence analysis should be performed (Section 4.5.2).

4.5.2. COl sequencing and sequence analysis

Amplified CO1 fragments prepared as described in Section 4.4.2 should be sequenced and, in addition,
internal sequencing primers (Kuusela et al., 2009; Meinila et al., 2002) should be used to obtain
overlapping reads of each nucleotide. The resulting CO1 sequences should be subjected to a BLAST
search in GenBank/EMBL to identify the haplotype.

If the obtained sequence does not have a 100% match in GenBank/EMBL, a phylogenetic analysis can be
performed to establish the relationship to other available sequences. Different haplotypes and clades of
G. salaris and G. thymalli can be distinguished with this method. CO1 sequences can be used to assign
specimens to a haplotype or clade and thus infer the identity as G. salaris or G.thymalli. Clades
(haplogroups) of G. salaris generally correspond well to host preferences and/or the geographical
distribution of the parasites, with a few exceptions, and some strains, as defined by CO1l-sequences
(haplotypes), are known to be pathogenic to Atlantic salmon. Host identity can be used to infer potential
pathogenicity of a certain strain and thus host identity of sequence hits in GenBank/EMBL should always
be checked when BLAST results are returned.

Where the sequence is not assigned to one of the recognised haplotypes (CO1 sequences) of G. salaris
or G. thymalli advice should be sought from the OIE Reference Laboratory. The OIE Reference laboratory
will keep an updated database of CO1-sequences and will assist in the diagnosis. It is recommended that
the OIE Reference laboratory is informed of any significant detections of G. salaris and G. thymalli in
order to confirm the cases.

4.6. In-situ hybridisation
Not applicable.

4.7. Immunohistochemistry
Not applicable.
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4.8. Bioassay
Not applicable.

4.9. Antibody- or antigen-based detection methods (ELISA, etc.)
Not applicable.

4.10. Other methods
Not applicable.

Test(s) recommended for surveillance to demonstrate freedom in
apparently healthy populations

Real-time PCR is the recommended test for surveillance to demonstrate freedom of disease in apparently
healthy population. Sequencing of the amplified CO1 amplicon is required for confirmation of infection in any
parasite that identified as positive PCR

Corroborative diagnostic criteria

All suspect positive samples of G. salaris from country or zone or compartment considered free from infection
with G. salaris should be referred immediately to the OIE Reference Laboratory for confirmation, whether or not
clinical signs are associated with the case.

This section only addresses the diagnostic test results for detection of infection in the absence (Section 6.1) or
presence of clinical signs (Section 6.2) but does not evaluate whether the infectious agent is the cause of the
clinical event.

The case definitions for a suspect and confirmed case have been developed to support decision making related
to trade and confirmation of disease status at the country, zone or compartment level. Case definitions for
disease confirmation in endemically affected areas may be less stringent.

6.1. Apparently healthy animals or animals of unknown health
status®

Healthy populations may fall under suspicion, and therefore be sampled, if there is an epidemiological
link(s) to an infected population. Geographic proximity to, or movement of animals or animal products or
equipment, etc., from a known infected population equate to an epidemiological link. Alternatively, healthy
populations will be sampled in surveys to demonstrate disease freedom.

6.1.1. Definition of suspect case in apparently healthy animals
The presence of infection with G. salaris shall be suspected if at least one of the following criteria is met:

i) Identification of G. salaris by morphological examination

i) A positive result by real-time PCR

iii) A positive result by ddPCR or real-time-PCR from an environmental sample.

6.1.2. Definition of confirmed case in apparently healthy animals
The presence of infection with G. salaris is considered to be confirmed if, in addition to the criteria in

Section 6.1.1., the following criterion is met:

i) A positive result from sequencing amplified CO1 fragments obtained by conventional PCR.
6.2Clinically affected animals

Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of
possible diagnoses.

6.2.1. Definition of suspect case in clinically affected animals
The presence of infection with G. salaris shall be suspected if at least one of the following criteria is met:

5

For example, transboundary commaodities.
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i) Gross pathology or clinical signs associated with the disease as described in this chapter, with or
without elevated mortality

i) Identification of G. salaris by morphological examination
iii) A positive result by real-time PCR.

6.2.2. Definition of confirmed case in clinically affected animals

The presence of infection with G. salaris is considered to be confirmed if, in addition to the criteria in
section 6.2.1. the following criterion is met:

i) A positive result from sequencing of amplified CO1 fragments obtained by conventional PCR.

6.3. Diagnostic sensitivity and specificity for diagnostic tests

The diagnostic performance of tests recommended for surveillance or diagnosis of infection with G.
salaris are provided in Table 6.3. (note: no data are currently available). This information can be used
for the design of surveys for infection with G. salaris, however, it should be noted that diagnostic
performance is specific to the circumstances of each diagnostic accuracy study (including the test
purpose, source population, tissue sample types and host species) and diagnostic performance may
vary under different conditions. Data is only presented where tests are validated to at least level two of
the validation pathway described in Chapter 1.1.2. and the information is available within published
diagnostic accuracy studies.

Table 6.3. Diagnostic performance of tests recommended for surveillance or diagnosis

Test type Test Source Tissue/ sample | Species DSe (n) DSp (n) Reference | Citation
purpose population | type test
Real-time PCR | Surveillance | - Parasites - Not yet Not yet - -
available | available
Amplicon Diagnosis - Parasites - Not yet Not yet - -
sequencing available | available

DSe = diagnostic sensitivity; DSp = diagnostic specificity; n = number of samples used in the study;
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* %

NB: There is an OIE Reference Laboratory for infection with G. salaris
(see Table at the end of this Aquatic Manual or consult the OIE web site for the most up-to-date list:
http://www.oie.int/en/scientific-expertise/reference-laboratories/list-of-laboratories/).
Please contact the OIE Reference Laboratories for any further information on infection with G. salaris.

NB: FIRST ADOPTED IN 1997 AS GYRODACTYLOSIS OF ATLANTIC SALMON (GYRODACTYLUS F);
MOST RECENT UPDATES ADOPTED IN 2018.
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CHAPTER 2.3.6.

INFECTION WITH SALMONID ALPHAVIRUS

EU comment

The EU supports the proposed changes to this chapter.

1. Scope

Infection with salmonid alphavirus (SAV) means infection with any genotype of the pathogenic agent SAV, Genus
Alphavirus and Family Togaviridae.

2.Disease information

2.

1.

Agent factors

2.1.1.Aetiological agent

SAV is an enveloped, spherical, single-stranded, positive-sense RNA virus, approximately 60-70 nm in
diameter, with a genome of ~12 kb. The genome codes for eight proteins: four capsid glycoproteins (E1,
E2, E3 and 6K) and four nonstructural proteins (nsP1-4). Glycoprotein E2 is considered to be the site of
most neutralising epitopes, while E1 contains more conserved, cross-reactive epitopes (McLoughlin &
Graham, 2007). SAV is considered to belong to the Genus Alphavirus of the Family Togaviridae. This is
based on nucleotide sequence studies of SAV isolates, and is also supported by biological properties of the
virus, including cross-infection and neutralisation trials. In addition, four conserved nucleotide sequence
elements (CSEs) and a conserved motif (GDD), characteristic of alphaviruses, are present in the SAV
genome (McLoughlin & Graham, 2007).

SAV has been divided into six genotypes (SAV 1-SAV 6) based solely on nucleic acid sequences for the
proteins E2 and nsP3 (Fringuelli et al., 2008). The level of antigenic variation among genotypes is
considered low as monoclonal antibodies (MAbs) raised against a specific SAV genotype are likely to cross
react with other SAV isolates (Graham et al., 2014; Jewhurst et al., 2004). The genotype groups by
susceptible species and environment are presented in Table 2.1.

Infection with SAV causes pancreas disease (PD) or sleeping disease (SD) in Atlantic salmon (Salmo salar
L.), common dab (Limanda limanda), rainbow trout (Oncorhynchus mykiss) (McLoughlin & Graham, 2007)
and Arctic charr (Salvelinus alpinus) (Lewisch et al., 2018). The disease is systemic, characterised
microscopically by necrosis and loss of exocrine pancreatic tissue, and heart and skeletal muscle necrosis
and atrophy.

Table 2.1. SAV genotypes by susceptible host species and environment

SAV genotype Freshwater Sea water
SAV 1 Rainbow trout Atlantic salmon
SAV 2 Rainbow trout; Atlantic salmon; Arctic charr Atlantic salmon
SAV 3 Rainbow trout; Atlantic salmon
SAV 4 Atlantic salmon
SAV 5 Atlantic salmon; Common dab
SAV 6 Atlantic salmon
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2.1.2.Survival and stability in processed or stored samples

There are no published scientific data specifically on the survival and stability of SAV in processed or stored
samples. The OIE Reference Laboratory has found that SAV in serum/plasma samples and virus isolated
from cell culture can be stored for many years at —80°C without significant decline in virus titre. This
observation is consistent with research on other alphaviruses.

2.1.3.Survival and stability outside the host

Laboratory tests suggest that SAV would survive for extended periods in the aquatic environment. In these
tests, virus survival was inversely related to temperature. In the presence of organic matter, markedly
longer survival times were observed in sea water compared with fresh water (Graham et al., 2007b).

The half-life of SAV in serum has been found to be inversely related to temperature, emphasising the need
for rapid shipment of samples at 4°C to laboratories for virus isolation. For long-term conservation of SAV-
positive samples and cultured virus, storage at —80°C is recommended (Graham et al., 2007b).

For inactivation methods, see Section 2.4.5.
Host factors

2.2.1.Susceptible host species

Species that fulfil the criteria for listing as susceptible to infection with SAV according to Chapter 1.5. of the
Aquatic Animal Health Code (Aquatic Code) include: Arctic charr (Salvelinus alpinus), Atlantic salmon
(Salmo salar), common dab (Limanda limanda) and rainbow trout (Oncorhynchus mykiss).

2.2.2.Species with incomplete evidence for susceptibility

Species for which there is incomplete evidence for susceptibility according to Chapter 1.5. of the Aquatic
Code include: long rough dab (Hippoglossoides platessoides), plaice (Pleuronectes platessa) and Ballan
wrasse (Labrus bergylta).

In addition, pathogen-specific positive polymerase chain reaction (PCR) results have been reported in the
following species, but an active infection has not been demonstrated: Argentine hake (Merluccius hubbsi),
brown trout (Salmo trutta), cod (Gadus morhua), European flounder (Platichthys flesus), haddock
(Melanogrammus aeglefinus), herring (Clupea harengus), Norway pout (Trisopterus esmarkii), saithe
(Pollachius virens), longhorn sculpin (Myoxocephalus octodecemspinosus) and whiting (Merlangius
merlangus).

2.2.3.Non-susceptible species

Species that have been found non-susceptible to infection with SVCV according to Chapter 1.5. of the
Aquatic Code are: No species are listed as non-susceptible.

2.2.4.Likelihood of infection by species, host life stage, population
or sub-populations

Farmed Atlantic salmon and rainbow trout are the species with the highest likelihood of infection with SAV.
Experimental studies have demonstrated that all life stages are susceptible to infection (Taksdal & Sindre,
2016). SAV 1-SAV 6 have been detected in Atlantic salmon. SAV 2 and SAV 3 have been detected in
rainbow trout.

2.2.5.Distribution of the pathogen in the host

The heart and the pancreas are main target organs for infection with SAV. Necrosis and loss of exocrine
pancreatic tissue, myocarditis and skeletal myositis are typical histopathological findings. During the
viraemic stage, substantial amounts of virus are also found in serum, and during the infection virus can also
be found in kidney, spleen, gills, mucous and faeces (Taksdal & Sindre, 2016).

2.2.6.Aquatic animal reservoirs of infection

There is evidence that some survivors of outbreaks will become long-term carriers of the virus (Graham et
al., 2009) and thus farmed Atlantic salmon and rainbow trout can be considered the main reservoir of SAV
(Taksdal & Sindre, 2016). Infection with SAV has been detected in some wild flatfish species in Scotland
(Bruno et al., 2014; Snow et al., 2010) which could also act as a reservoir of infection.

2.2.7.Vectors
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Although most alphaviruses are transmitted by arthropod vectors, vector transmission of SAV has not yet
been demonstrated. SAV has been detected by reverse-transcription (RT) PCR in salmon lice
(Lepeophtheirus salmonis) collected during acute outbreaks of pancreas disease in Atlantic salmon, but
transfer to susceptible fish species has not been reported (Petterson et al., 2009).

2.3. Disease pattern

2.3.1.Mortality, morbidity and prevalence

Mortality rates due to infection with SAV may vary with genotype, season, year, use of biosecurity
measures and species of fish (Bang Jensen et al., 2012; Graham et al., 2011; Rodger & Mitchell, 2007;
Stormoen et al., 2013). The cumulative mortality at the farm level ranges from negligible to over 50% in
severe cases (Bang Jensen et al., 2012; Graham et al., 2003; Rodger & Mitchell, 2007; Ruane et al., 2008;
Stene et al., 2014). Experimental studies have demonstrated that SAV 2 infection in marine fish causes
lower mortality than SAV 3 (Taksdal et al., 2015).

Duration of disease outbreaks, defined as the period with increased mortality, may vary from 1 to 32 weeks
(Jansen et al. 2010a; 2014; Ruane et al., 2008).

The prevalence of infection with SAV may vary. During disease outbreaks, the prevalence is usually high;
prevalences of 70-100% have been reported in Atlantic salmon farming sites (Graham et al., 2010).

Prevalences in wild fish are largely unknown. SAV has been detected by PCR in some marine flatfish
species in Scottish waters (Snow et al., 2010). A serological survey of wild salmonids in freshwater river
systems in Northern Ireland did not detect virus neutralisation antibodies against SAV in any of 188 sera
tested, whereas the majority of sera from farmed salmon in sea water in the same area tested positive
(Graham et al., 2003).

2.3.2.Clinical signs, including behavioural changes

A sudden drop in appetite may be observed 1-2 weeks before the detection of elevated mortality. Clinically
diseased fish may be observed swimming slowly at the water surface. In some cases, extremely weak
(“sleeping”) fish can be found at the bottom of tanks or in net-cages. An increased number of faecal casts
may also be observed. However, it is important to note that clinical signs are not pathognomonic.

Initially, nutritional status is usually normal, but in the months after an outbreak or in the later stages of
disease, long slender fish (‘runts’) with poor body condition are typically observed. However, the
presentation of long, slender fish can be caused by factors other than SAV.

2.3.3 Gross pathology

Yellow mucoid gut contents is a usual post-mortem finding, typically seen in inappettant fish. Occasionally,
signs of circulatory disturbances, such as petechial haemorrhages, small ascites or reddening of the
pancreatic region between the pyloric caeca, may be seen. Some diseased fish may show pale hearts or
heart ruptures. It is important to note that post-mortem findings are not pathognomonic.

2.3.4 .Modes of transmission and life cycle

Horizontal transmission of SAV is demonstrated by a range of evidence including: phylogenetic studies,
successful transmission among cohabiting fish, proven transmission between farming sites, studies on
survival of SAV in sea water and the spread via water currents (Graham et al., 2007b; 2011; Jansen et al.,
2010a; Kristoffersen et al., 2009; Viljugrein et al., 2009).

Long-distance transmission, and thus introduction of SAV into a previously uninfected area, is most likely
due to movement of infected live fish (Kristoffersen et al., 2009; Rodger & Mitchell, 2007). SAV has been
detected in fat leaking from dead fish which accumulates at the sea water surface, contributing to long
distance spread of the virus (Stene et al., 2013). Once SAV has been introduced into an area, farm
proximity and water currents influence local transmission (Aldrin et al., 2010; Kristoffersen et al., 2009;
Viljugrein et al., 2009).

Vertical transmission of SAV has been suggested (Bratland & Nylund, 2009), but not demonstrated
(Kongtorp et al., 2010; McLoughlin & Graham, 2007). The Norwegian Scientific Committee for Food Safety,
(2010), carried out a risk assessment and concluded that the risk of vertical transmission of SAV is
negligible.

2.3.5.Environmental and management factors
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Clinical outbreaks and mortality are influenced by water temperature and season (McLoughlin & Graham,
2007; Rodger & Mitchell, 2007; Stene et al., 2014; Stormoen et al., 2013). Stressing the fish by movement,
crowding or treatment may initiate disease outbreaks on infected farms.

Annex 16 (contd)

Risk factors for outbreaks on a farming site include a previous history of infection with SAV, high feeding
rate, high sea lice burden, the use of autumn smolts and previous outbreaks of infectious pancreatic
necrosis (IPN) (Bang Jensen et al., 2012; Kristoffersen et al., 2009; Rodger & Mitchell, 2007).

2.3.6.Geographical distribution

Infection with SAV has been reported from several countries in Europe. See WAHIS
(https://www.oie.int/wahis_2/public/wahid.php/Wahidhome/Home/index/newlang/en) for recent information
on distribution at the country level.

2.4, Biosecurity and disease control strategies
2.4.1.Vaccination

DNA-based and virus-inactivated vaccines against SAV are both commercially available. The vaccines may
cause a risk of false positives, both in serological and PCR-based tests, according to data presented by
vaccine companies. However, reports from the field indicates that false positives to serological tests do not
occur after sea transfer. To prevent false positives by RT-PCR, sampling from vaccinated individuals should
use heart tissue to avoid opening the abdominal cavity.

2.4 .2.Chemotherapy including blocking agents
No chemotherapy is available.

2.4.3.Immunostimulation

No immunostimulation is available.

2.4 .4 Breeding resistant strains

Differences in susceptibility among different family groups of Atlantic salmon have been observed in
challenge experiments and in the field, indicating the potential for breeding for resistance (Norris et al.,
2008; Gonen et al., 2015). Breeding programmes in Ireland and Norway have successfully produced fish
with increased resistance to disease caused by SAV, which are now commercially available.

2.4.5.Inactivation methods

SAV is rapidly inactivated in the presence of high levels of organic matter at 60°C, pH 7.2, and at 4°C, pH 4
and pH 12, suggesting that composting, ensiling and alkaline hydrolysis would all be effective at inactivating
virus in fish waste (Graham et al., 2007a). The virus is also readily inactivated by UV-light, but is more
resistant to chlorine and ozone treatment.

2.4.6.Disinfection of eggs and larvae

Standard disinfection procedures are considered sufficient to prevent surface contamination of eggs by SAV
(Graham et al., 2007).

2.4.7.General husbandry

To avoid infection with SAV, good husbandry practices should be applied such as use of appropriate sites
for farming, segregation of generations, stocking with good quality fish, removal of dead fish, regular
cleaning of tanks and pens, control of parasites and other pathogens, as well as careful handling of fish.
Once an outbreak has started, mortality may be reduced by minimising handling and ceasing feeding.

3.Specimen selection, sample collection, transportation and handling
3.1. Selection of populations and individual specimens

Clinical inspections should be carried out during a period when the water temperature is below XX°C. All
production units (ponds, tanks, net-cages, etc.) should be inspected for the presence of dead, weak or
abnormally behaving fish. Extremely weak (‘sleeping’) fish may be found at the bottom of a tank or in the
net-cages. If the number of clinically diseased fish is low, samples from long, thin fish (‘runts’) may be
added (Jansen et al., 2010b). If moribund or thin fish or runts are sampled, the probability of detecting SAV
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is higher than if randomly selected, apparently healthy fish are sampled (Jansen et al., 2010b). Prevalence
estimates will also vary with the diagnostic method used.
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Fish to be sampled are selected as follows:

i) Susceptible species should be sampled proportionally, or following risk-based criteria for targeted
selection of lots or populations with a history of abnormal mortality or potential exposure events (e.g.
via untreated surface water, wild harvest or replacement with stocks of unknown disease status).

i)  If more than one water source is used for fish production, fish from all water sources should be
included in the sample.

iii)  If weak, abnormally behaving or freshly dead (not decomposed) fish are present, such fish should be
selected. If such fish are not present, the fish selected should include normal appearing, healthy fish
collected in such a way that all parts of the farm as well as all year classes are proportionally
represented in the sample.

Selection of organs or tissues

Heart and mid-kidney are the recommended organs for detection of SAV either by molecular biological
methods or by cell culture. During the course of the disease, the heart usually contains more SAV than
other tissues and should always be sampled. After disease outbreaks, gill and heart tissue (Graham et al.,
2010) and pools of heart and mid-kidney tissue (Jansen et al., 2010b) remained positive by real time RT-
PCR for months after initial detection.

For sampling from vaccinated fish, the heart should be sampled without opening the abdominal cavity.
Sampling of mid-kidney, spleen or other internal organs is not recommended to avoid contamination of viral
RNA/DNA from the vaccine (See Section 2.4).

During the initial viraemic phase, serum samples are also suitable for detection of SAV either by molecular
biological methods or by cell culture, which can provide an early warning of disease outbreaks (Graham et
al., 2010). From approximately 3 weeks after SAV infection, blood serum or plasma is suitable for a virus
neutralisation test (Graham et al., 2003).

Tissues for histological examinations should include gill, heart, pyloric caeca with attached pancreatic
tissue, liver, kidney, spleen and skeletal muscle containing both red (aerobic) and white (anaerobic) muscle.
Skin with associated skeletal muscle should be sampled at the lateral line level and deep enough to include
both red and white muscle.

Samples or tissues not suitable for pathogen detection

Pancreas, although a target organ for the virus, is not suitable for RT-PCR detection of SAV, as it is
impossible to separate this organ from the intestine of the fish during sampling, and in addition loss of
pancreas is common in infected fish. Organs other than those recommended in Section 3.2. should not be
used for the detection of SAV, as the sensitivity of the diagnostic methods might be reduced.

Non-lethal sampling

There are investigations into using non-lethal sampling methods for surveillance of SAV in fish farms,
including detection of virus in water. However, no validated methods are currently available.

Preservation of samples for submission
For guidance on sample preservation methods for the intended test methods, see Chapter 2.3.0.

3.5.1.Samples for pathogen isolation

The success of pathogen isolation and results of bioassay depend heavily on the quality of samples (time
since collection and time in storage). Fresh specimens should be kept on ice and preferably sent to the
laboratory within 24 hours of collection. Alternate storage methods should be used only after consultation
with the receiving laboratory.

OIE Aquatic Animal Health Standards Commission/February 2020



181

Annex 16 (contd)

Before transfer to the laboratory, pieces of the organs to be examined should be removed from the fish with
sterile dissection tools and transferred to sterile plastic tubes containing at least 4 ml transport medium, i.e.
cell culture medium with 10% fetal calf serum (FCS) and antibiotics. The combination of 200 International
Units (IU) penicillin, 200 pg streptomycin, and 200 pg kanamycin per ml are recommended, although other
antibiotics of proven efficiency may also be used. The tissue in each sample should be larger than the
analytical unit size required for initial laboratory testing (e.g. between 0.5 and 2 g) and taken in duplicate if
retesting may be required.

Tubes containing fish tissues in transport medium for cell cultivation should be placed in insulated
containers, such as thick-walled polystyrene boxes, together with sufficient ice or an alternative cooling
medium with the similar cooling effect to ensure chilling of the samples during transportation to the
laboratory. However, freezing of the samples should be avoided. The temperature of a sample during transit
must never exceed 10°C.

Whole fish may be sent to the laboratory if the temperature requirements referred to in the first paragraph
during transportation can be fulfilled. Whole fish should be wrapped up in paper with absorptive capacity
and enclosed in a plastic bag. Live fish may also be transported to the laboratory.

The virological examination for isolation in cell culture should be started as soon as possible and no later
than 48 hours after the collection of the samples. In exceptional cases, the virological examination may be
started at the latest within 72 hours after the collection of the material, provided that the material to be
examined is protected by a transport medium and that the temperature requirements during transportation
can be fulfilled.

3.5.2.Preservation of samples for molecular detection

Samples can be taken from the fish in accordance with the procedure described in Section 3.5.1, using a
sterile instrument, and transferred to a sterile plastic tube containing transport medium.

Alternatively, tissue samples for RT-PCR testing should be preserved in an appropriate medium for
preservation of RNA. Samples in RNA stabilising reagents can be shipped on ice or at room temperature if
transport time does not exceed 24 hours.

For further storage the samples can be kept at —20°C.
3.5.3.Fixed samples for histopathology, immunohistochemistry or in-situ
hybridisation

Tissue samples for histopathology should be fixed in 10% neutral buffered formalin immediately after
collection. The recommended ratio of fixative to tissue is 10:1.

3.5.4.Fixed samples for electron microscopy

Samples for electron microscopy are not routinely required and are collected only when it is considered
beneficial to facilitate further diagnostic investigation. A 2 mm cubed section from each of the appropriate
organs described in section 3.2 should be fixed in glutaraldehyde; the recommended ratio of fixative to
tissue is 10:1.

3.5.5.Samples for other tests

Blood samples should be centrifuged for the collection of serum or plasma as soon as possible after
sampling, to avoid lysis of the red blood cells. Serum or plasma samples should be shipped on ice to the
laboratory to ensure virus viability.

3.6. Pooling of samples

The reliability of a virus isolation and real-time RT-PCR for detecting SAV in pooled samples from
apparently healthy and clinically diseased populations of Atlantic salmon has been evaluated (Hall et
al.,2014). The results suggest that the use of individual samples rather than pools is more appropriate when
testing for freedom from, or for confirmatory diagnosis of, infection with SAV (Hall et al., 2014).
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4 .Diagnostic methods

The methods currently available for identifying infection that can be used in i) surveillance of apparently healthy
populations), ii) presumptive and iii) confirmatory diagnostic purposes are listed in Table 4.1. by life stage. The
designations used in Table 4.1 indicate:

Key:

+++ = Recommended method(s) validated for the purpose shown and usually to stage 3 of the OIE
Validation Pathway;

++ = Suitable method(s) but may need further validation;

+ = May be used in some situations, but cost, reliability, lack of validation or other factors severely

limits its application;
Shaded boxes = Not appropriate for this purpose.

The selection of a test for a given purpose depends on the analytical and diagnostic sensitivities and specificities
repeatability and reproducibility. OIE Reference Laboratories welcome feedback on diagnostic performance for
assays, in particular PCR methods, for factors affecting assay analytical sensitivity or analytical specificity, such
as tissue components inhibiting amplification, presence of nonspecific or uncertain bands, etc., and any assays
that are in the +++ category.
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Table 4.1. OIE recommended diagnostic methods and their level of validation for surveillance of apparently healthy animals and
investigation of clinically affected animals

A. Surveillance of apparently healthy B. Presumptive diagnosis of clinically C. Confirmatory diagnosisl of a suspect result
animals affected animals from surveillance or presumptive diagnosis
Method
Early life Juveniles? | Adults LV Barlylife | 5,y eniles? Adults LV Eagy life Juveniles? Adults LV
stages stages stages
Wet mounts
Histopathology® ++ ++ ++
Cytopathology®
Cell or artificial + + + + + +
media culture
Real-time RT-PCR +++ +++ +++ +++ +++ +++ +++ +++ +++
Conventional RT-PCR ++ ++ ++ ++ ++ ++
Amplicon sequencing” +++ +++ +++
In-situ hybridisation
Bioassay
LAMP
Ab ELISA
Ag ELISA
Immunohistochemistry
(needs to be filled in by
expert)
Serum neutralisation assay + ++ ++ ++ ++

LV = level of validation, refers to the stage of validation in the OIE Pathway (chapter 1.1.2); RT-PCR = reverse transcription-polymerase chain reaction methods;
LAMP = loop-mediated isothermal amplification; Ab- or Ag-ELISA = antibody or antigen enzyme-linked immunosorbent assay, respectively
For confirmatory diagnoses, methods need to be carried out in combination (see Section 6). “Early and juvenile life stages have been defined in Section 2.2.3.
®Histopathology and cytopathology can be validated if the results from different operators has been statistically compared. ‘Sequencing of the PCR product.
*Specify the test used. Shading indicates the test is inappropriate or should not be used for this purpose.

OIE Aquatic Animal Health Standards Commission/February 2020



184

Annex 16 (contd)

4.1. Wet mounts
Not relevant.
4.2. Histopathology and cytopathology

The pathological changes most commonly found in clinically diseased fish are severe loss of exocrine
pancreatic tissue, cardiomyocytic necrosis and inflammation, red (aerobic) skeletal muscle inflammation
and white (anaerobic) skeletal muscle degeneration or inflammation. A less frequent but supporting
finding is the detection of cells with many cytoplasmic eosinophilic granules along kidney sinusoids.

As the disease progresses, the development of these changes is not simultaneous in all organs: in a
very short, early phase, the only lesions present might be necrosis of exocrine pancreatic tissue and a
variable inflammatory reaction in the peripancreatic fat. Shortly thereafter, heart muscle cell
degeneration and necrosis develop before the inflammation response in the heart becomes more
pronounced. The pancreatic necrotic debris will seemingly disappear, and the typical picture of severe
loss of exocrine pancreatic tissue will soon appear simultaneously with the increasing inflammation in
the heart. Somewhat later, skeletal muscle degeneration, inflammation and fibrosis develop. In a
proportion of fish, severe fibrosis of the peri-acinar tissue may occur, and in these cases, the pancreas
does not recover (runts) (Christie et al., 2007; Kerbart Boscher et al., 2006; McLoughlin & Graham,
2007; Taksdal et al., 2007).

Cytopathology is not relevant for diagnostic use.
4.3. Cell or artificial media culture for isolation

4.3.1.Cell lines

Isolation of field isolates of SAV in cell culture may be challenging (Christie et al., 1998; Graham et al.,
2007b; Petterson et al., 2013). CHSE-214 are commonly used for primary SAV isolation, but susceptible
cell lines such as BF-2, FHM, SHK-1, EPC, CHH-1 or others, may be used. Variation in cell line
susceptibility among different SAV field isolates has been reported (Graham et al., 2008; Herath et al.,
2009), and it is therefore recommended that several cell lines are tested for initial cell culture isolation of
SAV in a new laboratory or for a new virus strain. Cell lines should be monitored to ensure that
susceptibility to targeted pathogens has not changed.

The CHSE-214 cells are grown at 20°C in Eagle’s minimal essential medium (EMEM) with non-essential
amino acids and 0.01 M HEPES (N-2-hydroxyethyl-piperazine-N-2-ethanesulfonic acid) buffer, or
Leibovitz’s L-15 cell culture medium, both supplemented with fetal bovine serum (FBS) (5% or 10%) and
L-glutamine (4 mM).

4.3.2.Sample preparation and inoculation

For virus isolation, cells are grown in tissue culture flasks or multi-well cell culture plates. SAV-positive
controls may be inoculated in parallel with the tissue samples as a test for cell susceptibility to SAV.
When positive controls are included, measures must be taken to avoid contamination.

i) Inoculation of cell monolayers

Prepare a 2% suspension of tissue homogenate or a 10% suspension of serum using L-15
medium or EMEM without serum, or other medium with documented suitability. Remove growth
medium from actively growing monolayers (1- to 2-day-old cultures or cultures of 70-80%
confluency) grown in tissue culture flasks or multi-well cell culture plates (see above). Inoculate
monolayers with a low volume of the 2% tissue homogenate or 10% serum dilution (for 25 cm?
flasks: 1.5 ml). Adjust volume to the respective surface area in use. Allow 2—-3 hours of incubation
at 15°C, followed by removal of the inoculum, and addition of fresh L-15 or EMEM medium
supplemented with 2-5% fetal bovine serum (for 25 cm? flasks: 5 ml).

When fish samples come from production sites where IPNV is regarded as endemic, the tissue
homogenate supernatant should be incubated (for a minimum of 1 hour at 15°C) with a pool of
antisera to the indigenous serotypes of IPNV prior to inoculation.
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i)  Monitoring incubation

Inoculated cell cultures (kept at 15°C) are examined at regular intervals (at least every 7 days) for
the occurrence of cytopathic effect (CPE). Typical CPE due to SAV appears as plaques of
pyknotic, vacuolated cells. However, Norwegian SAV field isolates (both SAV3 and SAV2) usually
do not produce CPE in low passages, and this is also reported for other SAV genotypes (Graham
et al., 2008; Petterson et al., 2013). If no CPE has developed after 14 days, subculture to fresh cell
cultures.

iii)  Subcultivation procedure

14 days (or earlier when obvious CPE appears) after inoculation, the cultures are freeze—thawed at
—80°C to release virus from the infected cells. The procedure can be repeated 1-2 times.

Following centrifugation at 3000 g for 5 minutes, the supernatants are inoculated into fresh cell
cultures as described for the primary inoculation: remove growth medium, inoculate monolayers
with a small volume of diluted supernatant (1/5 and higher dilutions) for 2—3 hours before addition
of fresh medium.

Inoculated cell cultures are incubated for at least 14 days and examined at regular intervals, as
described for the primary inoculation. At the end of the incubation period, or earlier if obvious CPE
appears, the medium is collected for virus identification, as described below. Cell cultures should
always be examined for the presence of SAV by immunofluorescence (indirect fluorescent
antibody test [IFAT]), as virus replication may occur without development of apparent CPE.

Nucleic acid amplification

4.4.1. Reverse-transcription, real-time polymerase chain
reaction

The primers described below for real-time RT-PCR and RT-PCR with sequencing will detect all known
genotypes of SAV.

RT-PCR may be used for detection of SAV from total RNA (or total nucleic acids) extracted from
recommended organs or tissues (see Section 3.4). Real-time RT-PCR for the detection of SAV is
recommended as it increases the specificity and also the sensitivity of the test.

For genotyping, RT-PCR with subsequent sequencing of fragments from the E2 gene is
recommended.

The primers and probe sequences for real-time RT-PCR from the nsP1 gene, as well as primers for
genotyping, are listed in Table 4.2. The E2-primers may also be used for conventional RT-PCR
detection of SAV, if necessary. For RNA extraction, automatic and semi-automatic nucleic acid
extractors can be used. In addition, a variety of manual RNA extraction kits can also be used
successfully to extract SAV RNA. Various RT-PCR kits and gPCR machines can be used. The PCR
programme depends on the kit and real-time PCR equipment used in the laboratory. The conditions for
performing the real-time RT-PCR in the OIE Reference Laboratory is as follows: 50°C for 10 minutes,
95°C for 3 minutes, and 40 cycles of (95°C for 10 seconds, 60°C for 20 seconds). For the conventional
RT-PCRs (sequencing), the following programme is used: 50°C for 30 minutes, 95°C for 15 minutes,
and 45 cycles of (94°C for 60 seconds, 55°C for 45 seconds, 72°C for 60 seconds).

Table 4.2. Primers and probe sequences for RT-PCR and real time RT-PCR

Primer and probe sequences Genomic segment Product size Reference
QnsP1F: 5-CCG-GCC-CTG-AAC-CAG-TT-3 QnsP1 107 nt Hodneland
QnsP1R: 5-GTA-GCC-AAG-TGG-GAG-AAA- et al., 2006

GCT-3
QnsP1probe: 5FAM-CTG-GCC-ACC-ACT-TCG-
ANMCR?R (Tanman®nraha)
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Primer and probe sequences Genomic segment Product size Reference
E2F: 5-CCG-TTG-CGG-CCA-CAC-TGG-ATG-3 E2 516 nt Fringuelli
E2R: 5’-CCT-CAT-AGG-TGA-TCG-ACG-GCA-G- et al., 2008
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The following controls should be run with each assay: negative extraction control; positive template
control; no template control.

4.4.2.Conventional PCR (PCR)

See Section 4.4.1. for comments on conventional PCR kits and PCR machines.

The following controls should be run with each assay: negative extraction control; positive template
control; no template control.

4.4 .3.0ther nucleic acid amplification methods

Not applicable
4.5. Amplicon sequencing

Sequencing to determine the genotype of SAV can be performed using the E2-primer set listed in Table
4.2.

4.6. In-situ hybridisation
Not applicable
4.7. Immunohistochemistry

Immunohistochemical testing (Taksdal et al., 2007) is only recommended for samples from fish with
acute necrosis of exocrine pancreatic tissue.

4.7.1.Preparation of tissue sections

The tissues are fixed in neutral phosphate-buffered 10% formalin for at least 1 day, dehydrated in
graded ethanol, cleared in xylene and embedded in paraffin, according to standard protocols.
Approximately 3 pum thick sections (for immunohistochemistry sampled on poly-L-lysine-coated slides)
are heated at 56—-58°C (maximum 60°C) for 20 minutes, dewaxed in xylene, rehydrated through graded
ethanol, and stained with haematoxylin and eosin for histopathology and immunohistochemistry as
described below.

4.7.2.Staining procedure for immunohistochemistry

All incubations are carried out at room temperature and all washing steps are done with Tris-buffered
saline (TBS).

i) Nonspecific antibody binding sites are first blocked in 5% bovine serum albumin (BSA) in TBS for
20 minutes. The solution is then poured off without washing.

ii)  Sections are incubated with primary antibody (monoclonal mouse antibody 4H1 against E1 SAV
glycoprotein [Todd et al., 2001]), diluted 1/3000 in 2.5% BSA in TBS and then incubated overnight,
followed by two wash out baths lasting a minimum of 5 minutes.

iii)  Sections are incubated with secondary antibody (biotinylated rabbit anti-mouse 1g) diluted 1/300 for
30 minutes, followed by wash out baths as in step ii above.

iv)  Sections are incubated with streptavidin with alkaline phosphatase 1/500 for 30 minutes followed
by wash out baths as in step ii above.

v)  For detection of bound antibodies, sections are incubated with Fast Red® (2 mg ml"l) and Naphthol
AS-MX phosphate (0.2 mg ml‘l) with 1 mM Levamisole in 0.1 M TBS (pH 8.2) and allowed to
develop for 20 minutes followed by one wash in tap water before counterstaining with Mayer’s
haematoxylin and mounting in aqueous mounting medium.

Annex 16 (contd)
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4.

SAV-positive and SAV-negative tissue sections are included as controls in every setup (Taksdal et al.,
2007).

.8. Bioassay

Not applicable.

.9. Antibody or antigen-based detection methods

4.9.1.Antibody-based verification of SAV growth in cell culture

This technique should not be used as a screening method. All incubations below are carried out at room
temperature unless otherwise stated.

i) Prepare monolayers of cells in appropriate tissue culture plates (e.g. 96-well plates) or on cover-
slips, depending on the type of microscope available (an inverted microscope equipped with UV
light is necessary for monolayers grown on tissue culture plates). The necessary monolayers for
negative and positive controls must be included.

i) Inoculate the monolayers with the virus suspensions to be identified in tenfold dilutions, two
monolayers for each dilution. Add positive virus control in dilutions known to give a good staining
reaction. Incubate inoculated cell cultures at 15°C for 9-11 days.

iii) Fix in 80% acetone for 20 minutes after removing cell culture medium and rinsing once with 80%
acetone. Remove the fixative and air dry for 1 hour. If necessary, the fixed cell cultures may be
stored dry for 14 days at 4°C until staining.

iv) Incubate the cell monolayers with anti-SAV MADb in an appropriate dilution in phosphate-buffered
saline (PBS) for 1 hour and rinse three times with PBS with 0.05% Tween 20.

v) Incubate with fluorescein isothiocyanate (FITC)-conjugated anti-mouse immunoglobulin for 1 hour
(or if the primary Ab is polyclonal from rabbits, use FITC-conjugated antibody against rabbit
immunoglobulin), according to the instructions of the supplier. To increase the sensitivity of the
test, FITC-conjugated anti-mouse Ig may be replaced with biotin-labelled anti-mouse Ig and FITC-
labelled streptavidin with rinsing as in step d) in between the steps. The nuclei can be stained with
propidium iodide (100 pg mi™ in sterile distilled water). Add PBS (without Tween 20) and examine
under UV light. To avoid fading, the stained plates should be kept in the dark until examination. For
long periods of storage (more than 2—3 weeks) a solution of 1,4-diazabicyclooctane (DABCO 2.5%
in PBS, pH 8.2) or similar reagent may be added as an anti-fade solution.

10. Other methods

4.10.1. Immunoperoxidase-based serum neutralisation assay

Experimental studies have shown that neutralising antibodies can first be detected 10-16 days post-
infection (Graham et al., 2003), and serum neutralisation (SN) assays can be used as a diagnostic tool
for the detection of SAV antibodies. SN assays are based on the presence or absence of detectable
virus growth in cultured cells following incubation with serum that may contain neutralising antibodies.
In addition, the assay allows detection of virus in serum or plasma, if present.

CHSE-214 cells are grown as described in Section 4.3.1 Cell lines. A suspension of trypsinised cells,
diluted 1/3 in growth medium (10% FBS) is prepared for the SN assay.

i) 1/20 and 1/40 dilutions of each test serum are prepared in maintenance medium (2% FBS),
and transferred to two duplicate wells (15 ul per well) on a flat-bottomed tissue culture grade
microtitre plate. An equal volume of virus (100 TCIDso [median tissue culture infective dose)) is
added and the plate is incubated for 2 hours at room temperature.

i) 70 pl of maintenance medium, and 50 pl of the CHSE-214 cell suspension is added to each
well, and the plates are incubated for 3 days at 15°C.
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iii) The cell monolayer is then fixed and stained as described in Section 4.9.1 Antibody-based
verification of SAV growth in cell culture, or using the following procedure: monolayers of
CHSE-214 cells are fixed for 30 minutes at room temperature in 10% neutral buffered formalin.
Following two washes with 0.01 M PBS, a MAb against SAV is added to the monolayers in an
appropriate dilution. Bound MADb is visualised using a labelled streptavidin—biotin system
according to the manufacturer’s instructions.

iv) SN titres (NDso) are then calculated according to the method of Karber (1931), with titres = 1:20
being considered positive. Both serum controls (without virus added) and a virus control
(without serum added) must always be included in the assay, to ensure valid results.

5.Test(s) recommended for surveillance to demonstrate freedom in

apparently healthy populations

The recommended test to be used in surveillance of susceptible fish populations for declaration of freedom
from SAV is real-time RT-PCR as described in Section 4.4.1. in this chapter.

.Corroborative diagnostic criteria

This section only addresses the diagnostic test results for detection of infection in the absence (Section 6.1.)
or in the presence of clinical signs (Section 6.2.) but does not evaluate whether the infectious agent is the
cause of the clinical event.

The case definitions for a suspect and confirmed case have been developed to support decision making
related to trade and confirmation of disease status at the country, zone or compartment level. Case definitions
for disease confirmation in endemically affected areas may be less stringent. It is recommended that all
samples that yield suspect positive test results in an otherwise pathogen-free country or zone or compartment
should be referred immediately to the OIE Reference Laboratory for confirmation, whether or not clinical signs
are associated with the case. If a laboratory does not have the capacity to undertake the necessary
diagnostic tests it should seek advice from the appropriate OIE Reference Laboratory.

6.1. Apparently healthy animals or animals of unknown health
status’

Apparently healthy populations may fall under suspicion, and therefore be sampled, if there is an
epidemiological link(s) to an infected population. Geographic proximity to, or movement of animals or
animal products or equipment, etc., from a known infected population equate to an epidemiological link.
Alternatively, healthy populations are sampled in surveys to demonstrate disease freedom.

6.1.1.Definition of suspect case in apparently healthy animals

The presence of infection with SAV shall be suspected if at least one of the following criteria is met:
i)  Positive result by real-time RT-PCR

i)  Positive result by conventional RT-PCR

iii) SAV-typical CPE in cell culture

iv) Detection of neutralising activity against SAV in serum or plasma.
6.1.2.Definition of confirmed case in apparently healthy animals

The presence of infection with SAV is considered to be confirmed if, in addition to the criteria in Section
6.1.1., one or more of the following criteria is met:

Annex 16 (contd)
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i) A positive result by real-time RT-PCR and a positive result by conventional RT-PCR and
sequencing of the amplicon

i)  SAV-typical CPE in cell culture followed by virus identification by conventional RT-PCR and
sequencing of the amplicon.

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.2Clinically affected animals

Clinical signs are not pathognomonic for a single disease; however, they may narrow the range of
possible diagnoses.

6.2.1. Definition of suspect case in clinically affected animals
The presence of infection with SAV shall be suspected if at least one of the following criteria is met:
i)  Gross pathology or clinical signs associated with infection with SAV

ii)  Histopathology consistent with SAV infection

iii) Positive result by real-time RT-PCR

iv)  Positive result by conventional RT-PCR

v)  SAV-typical CPE in cell culture

vi) Detection of neutralising activity against SAV in serum or plasma.

6.2.2.Definition of confirmed case in clinically affected animals

The presence of infection with SAV is considered to be confirmed if, in
addition to the criteria Section 6.2.1., one of the following criteria is met.:

i) A positive result by real-time RT-PCR and a positive result by conventional RT-PCR and
sequencing of the amplicon

i)  SAV-typical CPE in cell culture followed by virus identification by conventional RT-PCR and
sequencing of the amplicon.

Reference Laboratories should be contacted for specimen referral when testing laboratories cannot
undertake any of the recommended test methods and testing is being undertaken that will result in
notification to the OIE.

6.3. Diagnostic sensitivity and specificity for diagnostic tests

The diagnostic performance of tests recommended for surveillance or diagnosis of infection with SAV
are provided in Table 6.3. This information can be used for the design of surveys for infection with SAV,
however, it should be noted that diagnostic performance is specific to the circumstances of each
diagnostic accuracy study (including the test purpose, source population, tissue sample types and host
species) and diagnostic performance may vary under different conditions. Data is only presented where
tests are validated to at least level two of the validation pathway described in Chapter 1.1.2. and the
information is available within published diagnostic accuracy studies.
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Table 6.1. Diagnostic performance of tests recommended for surveillance or
diagnosis
Tissue or
Test type Test Sour(_:e sample Species DSe DSp Reference Citation
purpose populations (n) (n) test
types
. . . Clinically Heart and mid- ) Jansen et al,
Real-time PCR Diagnosis diseased fish Kidney Atlantic salmon 2019
Isolation of SAV Diagnosis Clinically Heart and mid- Adlantic salmon Jansen et al,
in cell culture 9 diseased fish kidney 2019
Detection of
neutralising Diaanosis Clinically Serum or Atlantic salmon Jansen et al,
activity against 9 diseased fish plasma 2019
SAV
. . . Clinically Heart and mid- . Jansen et al,
Histopathology Diagnosis diseased fish Kidney Atlantic salmon 2019

DSe = diagnostic sensitivity, DSp = diagnostic specificity, n = number of samples used in the study (this is pending further
consultation with the expert), PCR: = polymerase chain reaction.
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*

* *

NB: There is an OIE Reference Laboratory for infection with salmonid alphavirus
(see Table at the end of this Aquatic Manual or consult the OIE web site for the most up-to-date list:
http://www.oie.int/en/scientific-expertise/reference-laboratories/list-of-laboratories/).
Please contact the OIE Reference Laboratories for any further information on infection with salmonid alphavirus

NB: FIRST ADOPTED IN 2014. MOST RECENT UPDATES ADOPTED IN 2019
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