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International Epidemiology of Mollusc Diseases:しearningthe 
Lessons from Two Recent Assessments on Susceptible and 

Vector Species by the European Food Safety Authority 

Franck C. J. Berthe* and Ana Afonso 

AnImal Health and Wel俗re(AHA問 Panel，European Food Safety AuthorIty (EFSA)， 
Largo N. Palli 5/A， 43100 Parma， Italy 

ABSTRACT -Describing diseases in populations is the literal aim of epidemiology. From that point of 
view， molluscs and mollusc diseases put epidemiologists and other related “ogists" under serious 
challenges. Two recent assessments conducted by the Animal Health and Welfare (AHAW) Panel of 
the European Food Safety Authority (巨FSA)have highlighted some of these challenges. In an a社empt
to establish a list of species susceptible to certain diseases， a set of objective criteria pertaining to patho-
gen replication， viability， host response and pathology， were established. Screening the peer-reviewed 
literature to document these criteria revealed that studies on diseases of molluscs and techniques applied 
to case investigation usually provide a great deal of information. However， thorough identification of the 
pathogen is frequently lacking. In addition， application of the criteria has led to unexpected outcomes of 
the assessment when species usually regarded as susceptible do not ful引Ithe criteria. If not susceptibili-
ty， the presence of a pathogen in a host leaves very little space for interpretation. From the viewpoint of 
transfer of pathogens， susceptible species and biological vectors may present equivalent risks. The 
concept of vector has itself proved to be a subject for controversy and definitions in the international starト
dards for health management have shown to be potentially misleading in assessing the risk of transfer-
ring pathogens via transfers of live animals. A second assessment of the AHAW panel to list potential 
vector species highlighted a range of situations from mechanical carriage to actual infection. Interest-
ingly， some of the conclusions of this risk assessment were later comforted by experimental data. Both 
the lack of accurate identification of mOllusc pathogens and inconsistency in host species categorization 
result in poor understanding of epidemiology of diseases in molluscs. These issues are illustrated by 
selected examples 
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In the mid明 2000s，the world aquaculture production 

of molluscs was close to the third of the total world pro-

duction of aquatic products in volume. A relatively low 

number of species contribute to the bulk of this produc-

tion; the Pacific cupped oyster Crassostrea gigas hav-

ing the greatest contribution by far (FAO， 2007). 

Success stories， including the soaring of abalone 

industry or pearl farming， are among the drivers of gen-

eral interest for mollusc aquaculture. As a result， there 

have been many transfers of stocks and introductions of 

non幽 nativemollusc species in support to farming 

activities. Such introductions have been shown in the 

past to be a major cause for pathogen transfers and dis-

ease spreading (Corbeil and Berthe， 2009). Over the 

last 50 years， on average， five aquatic animal species 
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were added per year to aquaculture systems. Accord-

ing to FAO， the most rapid growth in terms of number of 

species added per year occurred between 1980 and 

1990 with nearly 10 species per year; a figure that 

should be compared to only 0.3 species added from 

1950 to 1960 (FAO， 2007). The susceptibility of these 

new species to known and unknown pathogens remains 

for investigation. The associated risk in terms of new， 

emerging and re-emerging diseases should be assessed. 

Based on the Greek etymology of the term， epide-

miology is the knowledge of diseases in a population. 

As such， epidemiology is key to success for disease 

control and health management programs. Accurate 

description， knowledge and understanding of pathogen 

distribution in their respective host species is a common 

goal of risk managers. In a global context of increas-

ing aquaculture production and international trade of 

aquatic products， molluscs and mollusc diseases put 

the epidemiologist and other related “ogists" under seri-

ous challenges. 
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Two recent assessments conducted by the Animal 

Health and Welfare (AHAW) panel of the European 

Food Safety Authority (EFSA) have highlighted some of 

these challenges. The first assessment specifically 

dealt with the possible role of aquatic species as vec-

tors of mollusc diseases (EFSA， 2007). The second 

one aimed at establishing a list of mollusc species suシ

ceptible to certain diseases (EFSA， 2008). Both 

issues， susceptibility and possible role as vectors， are 

obvious tributaries of the central issue of pathogen 

transmission and spread. Beyond the apparent simplic幽

ity of the two questions however， our investigations 

have revealed the actual complexity of mollusc epidemト

ology and surfaced inconspicuous underlying issues. 

In an attempt to illustrate those issues， this paper 

relates our assessment and associated reflexions. 

Susceptible and Vector Species 

Since August 2008， the member states of the Euro-

pean Union have implemented Council Directive 

2006/88/EC that establishes minimum measures for the 

control of aquatic animal diseases. This new Directive 

is the current legislative framework in Europe on animal 

health requirements for aquaculture animals and prod欄

ucts， and for the prevention and control of certain infec-

tious diseases in aquatic animals. As such it is also a 

reference for risk assessments performed by the Animal 

Health and Welfare (AHAW) panel of the European 

Food Safety Authority (EFSA) when it deals with aquatic 

animal health issues. 

Directive 2006/88/巨Cprovides definitions for sev-

eral terms， including“susceptible species" and “vectors". 

According to these definitions， any species in which 

infection by a disease agent has been demonstrated by 

natural cases or by experimental infection that mimics 

the natural pathways is susceptible. A vector species 

is a species that is not susceptible to a disease but 

which is capable of spreading infection by conveying 

pathogens from one host to another. These definitions 

are contextual and substantially differ from those 

commonly used in biology (EFSA， 2007). The direct 

application of these definitions to retrieve and evaluate 

information from the scientific literature πlay therefore 

prove to be difficult. For example， the natural path-

ways referred to in the definition for susceptible species 

are largely unknown for most of mollusc diseases under 

consideration. 

Marteilia refringens and M. sydneyi provide an 

interesting illustration from this point of view. While M. 

refringens is believed to have a luminal route to its tar-

get organ (digestive gland)， M. sydneyi was shown to 

progress through the connective tissue of its host 

(reviewed by Berthe et a/.， 2004). Not only very li社leis 

known on natural routes of infection， but extrapolation 

even for closely related pathogens should be regarded 

as hazardous. 

Many published studies are designed to experimen圃

tally investigate the susceptibility of a new host species. 

The question of natural pathways is particularly critical 

when interpreting such experimental data. For 

instance， experimental demonstration brought by injec-

tion is a rather invasive means in an a社emptto fulfil first 

Koch's postulates; and quite unlikely to mimic the natu-

ral pathways of infection. For the purpose of our 

assessment， we consequently decided to characterise 

experimental data as “invasive" or “non invasive". 

Where cohabitation and bathing are obvious non inva嗣

sive procedures， injection or oral dosing (e.g. forced 

feeding) were regarded as invasive. 

Oral dosing bypasses the gills and labial palps filter-

ing system that plays a major role in particle sorting and 

rules access to the digestive tract. It has been used， 

for example， in experimental transmission of Bonamia 

ostreae by inoculation of purified parasites in its natural 

host (Hervio et a/.， 1995) and other host species 

(Renault et a/.， 1995). Those experiments exclude fi卜

tering function from their design and therefore signifi-

cantly diverge from natural pathways: they are invasive. 

Invasive experimental infection， although not mim-

icking the natural pathways of infection， still give impor-

tant information on pathogenesis of a particular agent. 
Clearly， information obtained from invasive experimen司

tal data may provide an indication of a potential suscep聞

tibility; this is important to record since such information 

calls for subsequent research. 

Because of the recognised difficulty in directly 

applying contextual definitions， it was proposed to 

develop and use a set of objective criteria reflecting car-

dinal points of reference. For susceptibility， the work-

ing criteria are related to pathogen replication (does the 

pathogen replicate or multiply in the host tissues?)， 

viability (is the pathogen viable in this host species?)， 

host response and pathology (does host tissues show 

response to the presence of the pathogen?)， and loca-

tion (is the pathogen observed in an expected target tis開

sue or organ?). The scientific data provided by the 

peer輔 reviewedliterature were therefore to be scrutinised 

for relevance with: a) thorough identification and charaひ

terisation of the pathogen which is an obvious pre幽

requisite， b) natural pathways or experimental design 

reflec 
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which the quality of the data provided clear support for 

susceptibility， while a second group contained a number 

of potential host species that were disqualified based on 

the uncertainty of the required information (e.g. incom-

plete or unclear data prevented a clear conclusion or 

the only available data was obtained from invasive 

experiments) . 

Tissue location is frequently well documented for 

molluscs because histopathology remains a commonly 

used technique in the investigation of mollusc diseases. 

Paradox is that where being restricted to histology is 

usually seen as a limitation in mollusc health sciences 

(れl1iahleet al.， 1995; Berthe et al.， 1999)， in our assess-

ment histology provided a significant corpus of informa楢

tion (巨FSA，2008). As a matter of fact， assessment of 

susceptibility of Crassostrea ariakensis for Bonamia 

ostreae and Ostrea angasi for B. exitiosa was based on 

tissue location， host response and pathology (Cochennec 

et al.， 1998; Heasman et al.， 2004; EFSA， 2008) 

The caveat is that， despite the great number of his-

tological studies， pathology is still poorly addressed in 

the peer reviewed literature. The comprehensive 

review of the published literature performed by EFSA 

(2008) showed that too many authors and investigators 

are not pathologists but rather carry out histological bug 

hunting. Bug hunters are a real limitation to our capac-

ity to reply to relevant criteria. Efforts should be made 

by the community to maintain and reinforce its strong 

capacity in histology and pathology of molluscs. 

Demonstrating pathogen viability in the case of mol-

lusc pathogens appears to be a real challenge in a first 

approach as very few of the pathogens under considera-

tion may be cultured. Culture systems have been 

developed for Perkinsus species (reviewed by Villalba 

et al.， 2004). Attempts have been made for Bonamia 

and Marteilia; but without success beyond maintaining 

some parasitic cells alive in artificial medium for few 

days. Several elements may however come to support 

viability criterion: cohabitation with specific pathogen 

free susceptible animals (B. ostreae)， presence of 

spores in the faeces (M. refringens) could be used to 

support criterion for viability (巨FSA，2008). The crite-

rion of viability of the pathogen thus required a bit of 

data mining and intelligent reading， leaving a lot of room 

for interpretation and subjective analysis. 

Pathogen replica 

reported from Crassostrea gigas (Cahour， 1979; Riera 

et al.， 1993; Montes et al.， 1998). These authors have 

reported early stages of development in the epithelium 

of the oesophagus and stomach of infected oysters， lim-

ited to primary and secondary cells. If one accepts the 

theory of Perfくinsthat Marteilia stem cells are amoeboid 

cells (Berthe et al.， 2004)， then， strictly speaking， secon-

dary cells should be regarded as a positive sign of para-

site development. Subsequently， C. gigas would 

become automatically susceptible to the disease， 

although it is commonly accepted that the parasite 

development cycle aborts in this particular host species. 

In summary， literature provided support to the four 

criteria identified to assess host susceptibility. How-

ever， we should make two comments here: 

First is that published papers suggesting a demon-

strated susceptibility do rarely properly and rigorously 

approach this issue. In many instances during our 

assessment， data pertaining to replication or growth of 

the pathogen， its viability， associated histopathology， 

and tissue location were to be extracted from peer 

reviewed papers that were published initially for a differ-

ent purpose. The use of a set of objective criteria to 

demonstrate susceptibility should be more broadly 

encouraged in the scientific community and through the 

peer revJewmg process. 

Secondly， there is still a significant field of basic 

biology knowledge on listed pathogens that has not 

been explored and successfully investigated. These 

data-gaps do hamper our capacity to assess susceptibil-

ity; furthermore， they impede our capacity in decision 

making. These should be identified as priority for 

research. 

However， thorough identification of the pathogen is 

by far the most frequent missing information to reach 

any conclusion. Despite tremendous improvements 

since the mid開 1990sin taxonomy of mollusc pathogens， 

and diagnostic capacity， there are still many reports of 

occurrence that cannot be interpreted and assessed 

beyond the genus level. For example， there are scien-

tific data suggesting infection with Marteilia refringens in 

Ostrea denselamellosa， O. angasi， O. pue/chana， O. 

chilensis， Crassostrea gigas， C. virginica， Cardium 

edule， Ruditapθs decussatus， R. philippinarum， Tapes 

rhomboides， T. pullastra， Ensis minor， Scrobicularia 

piperata， Saccostrea cucullata with however 
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more species to the list of susceptible hosts， including 

non-Ostrea species. However， uncertainty on parasite 

identification and taxonomic affiliation hampers full scト

entific support. The paradox here is that although con-

siderable amounts of molecular information data are 

available the scientific community could not yet reach a 

pragmatic agreement on taxonomy of microcells. 

Clear definitions of pathogens and how differentia-

tion of strains is possible are fundamental to assess-

ment of susceptibility of host species. Any change in 

these definitions has an impact on the host and geo-

graphic ranges of listed diseases. 

From the viewpoint of transfer of pathogens， sus-

ceptible species and biological vectors may present 

equivalent risks. The concept and definitions of vector 

in the aquatic standards for health management have 

however proved to be a subject for discussion within sci-

entific panels. 丁his，beyond conversation in biology 

and academic debates， can be potentially misleading in 

assessing the risk of transferring pathogens via trans-

fers of live animals and products. In attempting to 

establish a list of potential vector species， a range of 

situations from pure mechanical carriage to actual infec-

tion was highlighted (EFSA， 2007). 

For example， cupped oysters (Crassostrea， Saccostrea 

spp.) have been identified as potential vectors for 

Bonamia exitiosa with a moderate likelihood (EFSA， 

2007); this was somehow later confirmed by the fact 

that S. glomerata is considered as a susceptible spe-

cies (EFSA， 2008) and C. ariakensis could also possibly 

be recognised as susceptible. Similarly， the vector 

assessment identified clams and cockles as a group of 

mollusc species being potential vectors for Marteilia 

refringens with a moderate likelihood (EFSA， 2007). 

The susceptibility assessment tends to show that 

indeed several species of molluscs (not only clams and 

cockles but also cupped oysters) would be susceptible 

to infection with M. refringens. Where to draw the line? 

During the vector assessment (EFSA， 2007)， it 

became more and more obvious that indeed conditions 

leading to the possible carriage of pathogens was 

becoming central. Interestingly， some of the conclu-

sions of the vector assessment were later confirmed by 

experimental data. For example， Lynch et a/. (2007) 

have investigated the presence of Bonamia ostreae 

DNA using polymerase chain reaction (P 

2007). Those species of invertebrates and zooplank-

ton do not qualify against the definition for vector or sus-

ceptible species as laid down by Directive 2006/881EC 

(they are not farmed). However， the EFSA scientific 

opinion on vector species has highlighted the potential 

for commercial bivalve species to act as mechanical 

vectors (i.e. vessels or vehicles) because of fouling and 

aggregates on the shells (EFSA， 2007). 

In another example， a moderate likelihood to act as 

vectors for Bonamia ostreae has identified for clams， 

cockles and scallops (EFSA， 2007). Recent data sug-

gest that B. ostreae may be detected by PCR from varト

ous mollusc species including scallops (Haliotis tubercu-

lata， Crassostrea gigas and Pecten maximus) which are 

not considered to be susceptible (S. Culloty， pers. 

com.). 

Excessively framing definitions can pose difficulties. 

Technically， copepods cannot be qualified as vectors or 

susceptible species with regards to Directive working 

definitions given that these species are neither farmed 

nor traded. However， Audemard et a/. (2002) have 

identified Paracartia grani as an intermediate host in the 

life cycle of Marteilia refringens and intermediate hosts 

do propagate infection. More recently， new intermedi酬

ate host candidate species were identified on the basis 

of PCR positive results (Carrasco et a/.， 2007). In the 

case of P. grani， this species would clearly be recog-

nised as susceptible according the criteria used in 

巨FSA2008. 

Our assessments have highlighted different levels 

of risk (εFSA， 2007， 2008) and this need to be addressed. 

The main lesson one should take from these two 

assessments is clearly that to be or not to be suscepti-

ble (or vector) is not the question. The right question 

is clearly about risk of transferring pathogens and infec-

tious diseases. 

The lack of clear case definition for the listed patho司

gens is one of the main limitations to the assessment of 

host species susceptibility. 80th the lack of accurate 

identification of mollusc pathogens and inconsistency in 

host species categorization contribute to the poor under-

standing of mollusc diseases epidemiology. 

To conclude， against most commonly accepted tru-

ism， methods applicable to mollusc diseases are not a 

limiting factor to describing their epidemiology. The 

descriptive epidemiology of mollusc diseases is ham司

pered by fundamental but inconspicuous questions of 

taxono 
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