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Abstract

Vector or reservoir species of five mollusc diseases listed in the Animal Health Law were identified, based
on evidence generated through an extensive literature review, to support a possible updating of
Regulation (EU) 2018/1882. Mollusc species on or in which Mikrocytos mackini, Perkinsus marinus,
Bonamia exitiosa, Bonamia ostreae and Marteilia refringens were detected, in the field or during
experiments, were classified as reservoir species with different levels of certainty depending on the
diagnostic tests used. Where experimental evidence indicated transmission of the pathogen from a
studied species to another known susceptible species, this studied species was classified as a vector
species. Although the quantification of the risk of spread of the pathogens by the vectors or reservoir
species was not part of the terms of reference, such risks do exist for the vector species, since
transmission from infected vector species to susceptible species was proven. Where evidence for
transmission from infected molluscs was not found, these were defined as reservoir. Nonetheless, the risk
of the spread of the pathogens from infected reservoir species cannot be excluded. Evidence identifying
conditions that may prevent transmission by vectors or reservoir mollusc species during transport was
collected from scientific literature. It was concluded that it is very likely to almost certain (90-100%) that
M. mackini, P marinus, B. exitiosa B. ostreae and M. refringens will remain infective at any possible
transport condition. Therefore, vector or reservoir species that may have been exposed to these
pathogens in an affected area in the wild or at aquaculture establishments or through contaminated
water supply can possibly transmit these pathogens. For transmission of M. refringens, the presence of
an intermediate host, a copepod, is necessary.
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Summary

Term of Reference 1 (ToR 1) requested EFSA to assess which species or groups of species of
aquatic animals pose a considerable risk for spreading pathogen causing the diseases of aquatic
species listed in COMMISSION IMPLEMENTING REGULATION (EU) 2018/1882 EU Regulation 2016/429.
This Opinion specifically focuses on assessing vector or reservoir species of the five diseases of
molluscs, i.e. Mikrocytos mackini, Perkinsus marinus, Bonamia exitiosa, Bonamia ostreae and Marteilia
refringens. The aim of the assessments is to indicate if the Annex to Implementing Regulation (EU)
2018/1882, listing those vector or reservoir species, needs to be updated. EFSA was not requested to
update the list of susceptible species, listed in the same Implementing Regulation, as this work is
already being coordinated by the Reference laboratories of the EU and the World Organisation for
Animal Health (WOAH). In addition, it was agreed that a species cannot be classified simultaneously as
susceptible and vector or reservoir species.

The following working definitions were agreed for the assessment: a mollusc species can be
considered a vector when the pathogen has been identified in or on the mollusc species and it has
been demonstrated to transmit the pathogen to susceptible species. To be considered a reservoir
species, the pathogen should have been identified in or on the mollusc species, but evidence of
transmission of the pathogen to susceptible species could not been found. It should be cautioned,
however, that these are working definitions to address the term of reference. A clear separation
between reservoir, vectors and susceptible species is not always easily made in the field, especially for
aquatic animal diseases

Although the quantification of the risk of spread of the pathogens by the vectors or reservoir
species was not part of the terms or reference, such risks do exist for the vector species, since
transmission from infected vector species to susceptible species was proven. Where evidence for
transmission from infected fish was not found, these were defined as reservoirs (already said
previously). Nonetheless, the risk of the spread of the pathogens from infected reservoir species
cannot be excluded.

An extensive literature review (ELR) has been carried out to gather all published peer-reviewed
scientific evidence available on parameters needed to assess the role of aquatic species as vectors or
reservoirs. The detailed methods for searching the literature, study selection, data collection and
quality assurance are described in detail in Engelsma et al. (2023). The data, extracted from the
eligible literature, were assessed in two steps. In the first step, the working group experts individually
identified those studies where pathogens were identified with reference tests in or on mollusc species,
either in experimental or field settings, with a high (> 90%) certainty. This immediately led to the
classification as reservoir or vector species (the latter only for experimental studies with proven
transmission of the pathogen to the susceptible species from the vector species). Also, those studies
that led to a clear exclusion of the species as vector or reservoir (> 90% certainty) due to negative
test results, were identified individually.

In a second step, the studies with inconclusive (< 66% certainty) results were discussed in smaller
groups and then consolidated by the whole working group. The cut-off level for classifying species as
vectors or reservoirs was set at a minimum certainty of 66%.

The results of the assessment indicated that for M. mackini the species Crassostrea virginica
(American cupped oyster) is considered a vector species with > 90% certainty.

For B. exitiosa and B. ostreae, no species were considered to be vectors. Ostrea stentina (dwarf
oyster) and Ostrea angasi (angasi oyster) are considered to be reservoir species with > 90% certainty
for B. exitosa and B. ostreae, respectively.

For M. refringens, the following species are considered to be reservoir species with > 90%
certainty: Mytilus galloprovincialis (Galician mussel), Chamelea gallina (chicken venus) and O. stentina
(dwarf oyster).

For P. marinus, the species Boonea impressa is considered to be a vector species with > 90%
certainty, while Macoma balthica (Baltic macoma), Modiolus capax (fat horsemussel), Mya arenaria
(large-neck clam), Crassostrea ariakensi (Suminoe oyster), Crassostrea brasiliana (Brazilian oyster),
Crassostrea corteziensis (Cortez oyster), Crassostrea rhizophorae (Pacific cupped oyster) and
Saccostrea palmula (palmate oyster) are considered to be reservoir species with > 90% certainty and
Mercenaria mercenaria (American hard-shelled clam) and Crassostrea sp. with 66-90% certainty.

In addition, a list of vector or reservoir species for which no evidence of its role as vector or
reservoir was found, are suggested to be removed from the current list Commission Implementing
Regulation 1882/2018.
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Term of Reference 2 (ToR 2) requested EFSA to assess the suitability of the conditions under which
molluscs species should be regarded as vectors or reservoirs for the purposes of movements. These
conditions are set out in Annex I to Commission Delegated Regulation (EU) 2020/990 and in Annex
XXX to Commission Delegated Regulation (EU) 2020/692. Alternative conditions had to be proposed, if
the conditions in those Regulations were assessed to not to prevent the transmission of the targeted
pathogen via movement of vectors or reservoirs.

To provide a concise answer within the time frame of the mandate, it was decided to focus the
assessment on those conditions that would prevent transmission facilitated by the movement of
vectors and reservoirs, for which scientific evidence was available. In a first step, the experts in the
working group carried out a narrative literature review to collect any evidence from scientific literature
identifying conditions that may prevent transmission by vectors. In addition, information on the
duration of the experimental studies and the water temperature were compiled during the ELR, carried
out for ToR 1, collecting the ranges of the different durations and temperatures for which transmission
has been proven for the different pathogens by the different vector species. Then, the experts
concluded by consensus if the collected evidence was sufficient to support the need to alter the
conditions stipulated in Annex I to Commission Delegated Regulation (EU) 2020/990 and in Annex XXX
to Commission Delegated Regulation (EU) 2020/692.

It was concluded that it is very likely to almost certain (90-100%) that M. mackini, P marinus,
B. exitiosa, B. ostreae and M. refringens will remain infective at any possible transport condition.
Therefore, vector or reservoir species that were exposed to these pathogens can possibly transmit
them when transported into a non-affected area. Exposure in the affected area may have occurred if
they originate from: (a) an aquaculture establishment where susceptible species, reservoir species
or other vector species are kept for M. mackini, P marinus, B. exitiosa, B. ostreae; or the intermediate
host for M. refringens; (b) the wild, where they may have been exposed to susceptible, reservoir or
other vector species for M. mackini, P. marinus, B. exitiosa, B. ostreae; or the intermediate host for
M. refringens; and (c) an aquaculture establishment supplied with water possibly contaminated
with M. mackini, P. marinus, B. exitiosa or B. exitiosa or with the intermediate hosts infected with
M. refringens. It was suggested that these conclusions may be considered as or for amendments to
Annex I of Reg 2020/990 and Annex XXX of Reg 2020/692.
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1. Introduction

In accordance with Article 8 of Regulation (EU) 2016/429 (AHL), the disease-specific rules for listed
diseases provided in the AHL, and the rules adopted pursuant to that Regulation, apply to listed species.
In compliance with that Article, the Commission shall establish a list of animal species or groups of
species, which pose a considerable risk for the spread of specific listed diseases based on the capability
of those animals to carry those specific diseases. Animal species or groups of animal species shall only be
added to the list if they pose a considerable risk for the spread of a specific listed disease because they
are vectors or reservoirs for that disease, or scientific evidence indicates that such role is likely.

The list of vector species, which is set out in the fourth column of the table in the Annex to
Implementing Regulation (EU) 2018/1882, was carried forward from the list, which was previously set
out in Commission Regulation (EU) 1251/2008. The Commission now requires scientific advice to
inform an amendment to that list, to ensure that only species, which comply with Article 8 of the AHL
are listed. This amendment may involve species, which are currently set out in the fourth column of
the Annex to Implementing Regulation (EU) 2018/1882 being removed and/or new species being
added to that list.

It should be noted that vector species of aquatic animals are not listed in the WOAH Aquatic Code!
or in the WOAH Aquatic Manual.® In the disease specific chapters of the WOAH Aquatic Manual
however, as well as listing susceptible species, other species which have shown incomplete evidence of
susceptibility are listed, as are species in which PCR positive results have been reported, but where an
active infection has not been demonstrated. In 2020, the EU Reference Laboratories (EURLS) for fish,
crustaceans and molluscs, with the assistance of experts, reviewed those non-susceptible species,
which are listed in the WOAH Manual, in an effort to determine whether or not, they could be
considered to be vectors of specific listed diseases. The reports which have been prepared by the
EURLs and which have been furnished to the Commission, may be of assistance to the risk assessor in
providing the scientific advice, which is currently sought. The three reports (concerning fish, molluscs,
and crustaceans) accompany this letter. It should, however, be noted that these reports also contain
information concerning susceptible species to the listed diseases, which is not pertinent to this request
for a scientific opinion.

In addition, for those species and groups of species referred to above, which should be listed in
accordance with Article 8 of the AHL, scientific advice is also required concerning the conditions under
which these species should be regarded as vectors or reservoirs for the purposes of movements.

The conditions under which these species should be regarded as vectors are set out in Annex I to
Commission Delegated Regulation (EU) 2020/990° and in Annex XXX to Commission Delegated
Regulation (EU) 2020/692°. It should be noted that the conditions set out in Annex I to Commission
Delegated Regulation (EU) 2020/990 are not identical to the conditions set out in Annex XXX to
Commission Delegated Regulation (EU) 2020/692, and both sets of conditions are different to those
which were previously set out in columns 3 and 4 of Annex I to Commission Regulation (EC) 1251/2008.

Terms of Reference

In view of the above, the Commission asks EFSA for a scientific opinion on the listing of vector
species of aquatic animals in accordance with Article 8 of Regulation (EU) 2016/429, as follows:

1) For each of the aquatic diseases listed in Annex II to the AHL, an assessment concerning
which species or groups of species of aquatic animals pose a considerable risk for their
spread based on the fact that:

i) they are vector species or reservoirs for that disease, or
ii) scientific evidence indicates that such role is likely.

! WOAH Aquatic Animal Health Code, 2021, 23rd Edition.

2 WOAH Aquatic Manual, 2021, 8th Edition.

3 Commission Delegated Regulation (EU) 2020/990 of 28 April 2020 supplementing Regulation (EU) 2016/429 of the European
Parliament and of the Council, as regards animal health and certification requirements for movements within the Union of
aquatic animals and products of animal origin from aquatic animals. OJ L 221, 28.5.2020, p. 42.

4 Commission Delegated Regulation (EU) 2020/692 of 30 January 2020 supplementing Regulation (EU) 2016/429 of the
European Parliament and of the Council as regards rules for entry into the Union, and the movement and handling after entry
of consignments of certain animals, germinal products and products of animal origin. OJ L 174, 3.6.2020, p. 379.
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For each of the species or groups of species, which are assessed to be vector species or reservoirs
of the listed diseases, or where scientific evidence indicates that such role is likely, they should be
aquatic animals, which are not already listed as susceptible to the listed disease.

2) For each of the species or groups of species, which are assessed to fulfil the requirements
for listing by virtue of being a vector or reservoir of a listed disease, or where scientific
evidence indicates such a role is likely, an assessment of the suitability of the conditions
under which they should be regarded as vectors or reservoirs for the purposes of
movements. These conditions are set out in Annex I to Commission Delegated Regulation
(EU) 2020/990 and in Annex XXX to Commission Delegated Regulation (EU) 2020/692,
however, alternative conditions should be proposed, if the conditions, which are set out in
those Regulations, are assessed to be unsuitable.

Term of Reference 1 (ToR 1) requests EFSA to provide a list of vector species or reservoirs species
of pathogens of fish, crustaceans and molluscs, listed in Annex II to the AHL, aiming to update the
fourth column of the Annex to Implementing Regulation (EU) 2018/1882.

EFSA was not requested to update the list of susceptible species, already listed in the third column
of the same Implementing Regulation. In addition, it was agreed that a species cannot be classified
simultaneously as susceptible and vector or reservoir species.

This work is complementary to the work that was coordinated by the EURL and WOAH concerning
the identification of susceptible species.

This Scientific Opinion focuses on all life stages, including eggs, sperm and gametes belonging to
aquatic molluscs belonging to the phylum Mollusca. The pathogens listed by the AHL affecting
molluscs are:

e B. exitiosa (Cercozoa; Haplosporidiidae)
e B. ostreae (Cercozoa; Haplosporidiidae)
e M. refringens (Cercozoa; Marteiliidae)

e M. mackini (Cercozoa; Mikrocytiidae)

e P marinus (Mysozoa; Perkinsidae).

For assessment M. refringens included M. refringens genotype O only Marteilia pararefringens
(corresponding to M. refringens genotype M and previously named Marteilia maurini). was not included
in the assessment.

It was agreed that for this assessment, a mollusc species can be considered a vector when the
pathogen has been identified in or on the species and it has been demonstrated to transmit the
pathogen to susceptible species, or there is scientific evidence that indicates that this transmission is
likely. In addition, the vector species must not already be listed as susceptible to the respective
pathogen.

Vectors may transmit pathogenic agents to susceptible species in two ways: (i) the pathogenic
agent can multiply within the vector’s body and then be transmitted to other susceptible species; (ii)
the pathogenic agent can remain alive in or on the vector without multiplying and be mechanically
transmitted to other susceptible species.

To be considered a reservoir species, on the other hand, the pathogen has been identified in or on
the mollusc species, but evidence of transmission of the pathogen to susceptible species is not available.
In addition, the reservoir species must not already be listed as susceptible to the respective pathogen.

It should be cautioned, however, that these are working definitions to address the ToR. A clear
separation between reservoir, vectors and susceptible species is not always easily made on the basis of
field observations alone, and for aquatic animal diseases in particular.

Although the quantification of the risk of spread of the pathogens by the vectors or reservoir
species was not part of the terms or reference, such risks do exist for the vector species, since
transmission from infected vector species to susceptible species was proven. Where evidence for
transmission from infected fish was not found, these were defined as reservoirs. Nonetheless, the risk
of the spread of the pathogens from infected reservoir species cannot be excluded.
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The list of potential vectors and reservoir species developed in ToR 1 should be considered as
vectors or reservoirs for movements in the EU, provided that certain conditions are fulfilled.

The conditions in the EU legislation EU Reg 2020/990 Annex I specify that the species may be
regarded as vectors if they are present in (a) an aquaculture establishment or group of aquaculture
establishments where susceptible species listed in column 3 of that table in Annex 1 or vectors or
reservoirs are kept; or (b) the wild, where they may have been exposed to susceptible species
listed in column 3 of that table, or vectors or reservoirs.

The conditions in EU Reg 2020/692 Annex XXX stipulate that vectors may be regarded as the
species that have been in contact with listed susceptible species in column 3 of the table in the Annex
to Commission Implementing Regulation (EU) 2018/1882 through co-habitation or through water
supply.

It should be noted that although these two delegated acts explicitly mention vectors, it is assumed
that the same conditions apply for reservoirs. Thus, when vector species and reservoir species do not
fulfil these conditions, they can be moved provided that the transport complies with the EU regulations
and all the measures have been implemented which would prevent the contamination or infection of
the transported species.

To address ToR 2, namely, to identify that, besides the conditions already laid down in EU Reg
2020/990 Annex I and Reg 2020/692, related to the exposure to the pathogenic agent at the source,
there are other conditions that need to be fulfilled by a species to be considered a vector, evidence
found in the scientific literature related to the above factors for the specific pathogens will be
scrutinised and summarised. If there is no proof that certain specific conditions can exclude that the
mollusc species will act as potential vector or reservoir, there will be no change in the conditions
already laid down in EU Reg 2020/990 Annex I and Reg 2020/692 proposed.

2. Data and methodologies

An ELR has been carried out to gather all scientific evidence available of parameters needed to
assess the role of aquatic species as vectors or reservoirs of specific pathogens of molluscs, listed by
the AHL. To assess the evidence the following review questions were posed:

Review questions:

1) For vector species: What is the evidence generated by experimental infection studies,
demonstrating transmission of ‘Pathogen A’ from ‘vector species X’ on or in which Pathogen A
was detected, to a species ‘Y"?

Vector species 'X’ Species 'Y

2) For reservoir species: What is the evidence generated by experimental infection studies or
field studies, demonstrating the detection of Pathogen A on or in reservoir species X,
without further evidence of transmission of pathogen A to a species ‘Y’'?

www.efsa.europa.eu/efsajournal 8 EFSA Journal 2023;21(8):8173
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Reservoir species ‘X’ Species 'Y’

As agreed in the interpretation of the ToRs, to be defined a vector species, proof of onwards
transmission from species X to species Y is needed. This proof is usually not available from field
detections. Field detections imply Pathogen A was detected in species X during outbreak
investigations, prevalence studies or any other study where the pathogen is detected in crustaceans in
a specific area or farm. In these situations, it cannot be definitively proven that species Y has been
infected through species X and not from any other source of infection.

The detailed methods for searching the literature, the study selection, data collection and quality
assurance are described in detail in Engelsma et al. (2023) — see the Annex.

The data set was generated with the relevant information extracted from the eligible literature
needed to answer the review questions. Then, the assessment methodology for deciding if the
information was sufficient to classify the crustacean species as a potential vector or reservoir species,
according to the working definition provided in Section 1.2.1, was applied in two steps:

2.1.1.1. First step: Individual assessments by the mollusc experts of the data extracted
from specific papers assigned to them

Questions:

How certain are you that species X is a RESERVOIR species based on the evidence
generated through the ELR (for field and experimental infection studies, that did not investigate
species Y and field studies where infection of species Y could not be proven)?

How certain are you that species X is a VECTOR species based on the evidence
generated through the ELR (for experimental infection studies that have also investigated infection
of species Y)?

In the first step, the experts were asked to identify the species for which a clear ‘yes’ or ‘no’ could
be answered on the above questions, with a high certainty (> 90% certainty). The experts were asked
to provide the reasoning for their choice and reminded to respect the working definition of vectors and
reservoirs, and not to consider other information that was not collected or extracted from the eligible
peer-reviewed literature, that was outside the scope of the working definition, e.g. on observed clinical

signs.
As a guidance to help the decision-making, the following criteria were agreed a priori among the

experts:

¢ Positive results (> 90% certainty):

Experimental infections: there is higher certainty when evidence from experimental infections is
available compared to field studies, because the animals are infected under controlled conditions so
there is no need for sequencing or confirmatory tests, and therefore a second reference test is
superfluous.

Diagnostic tests considered accurate for the diagnosis of the listed molluscs pathogens in the ELR,
with one test being sufficient to confirm pathogen detection in the vector or reservoir in experimental
infections, and two tests for field detections are available on https://www.eurl-mollusc.eu/Diagnostic-
manual. An infection with a pathogen is confirmed if positive results are obtained by:

— histopathology or tissue imprints or in situ hybridisation (ISH) AND PCR & sequencing, or,
— if no material for histopathology, or tissue imprints or ISH available: two PCR assays targeting
different fragments of the genome and sequencing.

To identify potential vector and reservoir species, however, the identity of the pathogen rather than
the infection is needed to be confirmed. While histology, cytology and some PCR or ISH are not
considered species specific, in the frame of this work the following methods, alone or in combination
with other methods, were cons