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An international workshop on perkinsosis in molluscs took place on September 12-14th 2007, in Vigo
(Spain). The workshop venue was the Centro Tecnológico del Mar (CETMAR). It was commissioned
and funded by the European Community and it was additionally sponsored by the Ministry of
Fisheries and Maritime Affairs of the Regional Government of Galicia (Spain) and the City Council of
Vigo. Its goal was bringing together industry, research community and administration to address the
threat of perkinsosis to European shellfish industry. Experts from non European countries whose
shellfish industries are deeply concerned with perkinsosis were invited to learn from their
experience. The following institutions participated in the organisation: Centro de Investigacións
Mariñas (Spain), CETMAR (Spain), Université de Bretagne Occidentale - CNRS (France), Station de La
Tremblade (IFREMER, France), University of Algarve (Portugal), Istituto Zooprofilattico Sperimentale
delle Venezie (Italy), and Instituto de Investigaciones Marinas (CSIC, Spain). Seventy eight delegates
attended the workshop from the following countries: Australia (1), Canada (1), France (15), Italy (5),
Korea (3), Maroc (1), Mexico (1), Norway (1), Poland (1), Portugal (3), Spain (35), Tunisia (1), United
Kingdom (1), and USA (9).

The workshop was scheduled through five sessions, each of them starting with an introductory
report summarising the state of the art, followed by oral presentations and ending with a roundtable
for open discussion. Thirty oral contributions plus seven posters were presented, most of them
providing new, unpublished information and some of them reviewing and updating previous
information, corresponding to the following issues:

Parasites of the genus Perkinsus: taxonomy and phylogeny, host species, geographic range, life
cycle, transmission ways, diagnostic tools. Epizootiology: temporal patterns of disease dynamics;
influence of environmental conditions, host age and stressing factors, with particular information
from different places in France, Italy, Spain, Korea, Tunisia, Mexico and the USA. Host-pathogen
interaction: Interaction of Perkinsus spp. and mollusc defence mechanisms, host genes involved in
the immune response, virulence factors of Perkinsus spp., impact on host physiology. Effects on
shellfish industry: review of the production of molluscs in Europe, with emphasis on management
and aquaculture of clams in France, Italy and Spain; review of the European regulation on animal
health requirements for aquaculture animals and products thereof, and on the prevention and
control of certain diseases in aquatic animals. Control and fighting strategies:
Chemotherapeutants and their effects on Perkinsus metabolism, zoosanitary prophylaxis,
management and technical strategies, natural selection for resistance, selective breeding
programmes for resistance, genes and proteins markers of resistance.

As part of the commissioned work, this volume has been prepared to provide a close view of the
workshop contents and results, looking for their wide dissemination. The volume includes the five
introductory reports, the abstracts of the oral and poster presentations, summaries of the round
tables, and the conclusions of the workshop. A CDrom with many of the files from powerpoint
presentations displayed during the workshop is also provided with this volume.

Antonio Villalba
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WELCOME AND OPENING SPEECH

Fátima Linares
Directora Xeral de Innovación e Desenvolvemento Pesqueiro, Consellería de Pesca e Asuntos Marítimos, Xunta de Galicia,
Rúa dos Irmandiños s/n, 15701 Santiago de Compostela, Spain
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Protozoan parasites of the genus Perkinsus have caused important bivalve mollusc mortalities in
many places around the world. The genus Perkinsus includes parasites of marine molluscs (oysters,
scallops, clams, cockles, mussels, abalones, pearl oysters) in all the continents. Two species of this
genus, Perkinsus marinus and Perkinsus olseni, are enlisted in the Aquatic Animal Health Code of the
World Organisation for Animal Health because they can cause disease in commercially important
shellfish, resulting in severe economic losses. Therefore, perkinsosis has crucial consequences for
international mollusc trade.

The effects of perkinsosis have been dramatic in some places, particularly through the Gulf and
Atlantic coasts of USA. As an example, the oyster production of Virginia, which was the state with the
highest oyster production in the 1950s, was 99% reduced after the epizootic outbreak of Perkinsus
marinus starting in the 1960s. That meant that the oyster industry in Virginia was destroyed. Another
species, Perkinsus olseni, has been blamed for 80% reduction in the production of the clam Ruditapes
philippinarum during the 1990s in South Korea, one of the countries with the largest clam production
in the world.

In Europe, Perkinsus olseni was first detected in the 1980s as responsible of high mortality of
autochthonous clams Ruditapes decussatus in Southern Portugal. Since then, the occurrence of
perkinsosis has been detected in various countries of Southern Europe (Italia, Francia, España),
sometimes in association with high clam mortality. The list of molluscs susceptible to this disease has
been growing and includes the clams with the highest economic interest in Europe. A new species,
Perkinsus mediterraneus, infecting the European flat oysters Ostrea edulis was detected in 2003.

Therefore, the perkinsosis is a potential threat for the European shellfish industry, although
quantitative estimations about its actual impact are scarce. Perkinsus marinus, which affects USA
coasts, has been the object of great research effort; however, there are still many question marks for
the case of other Perkinsus spp. that should be clarified to implement prevention and management
programmes.

The Consellería de Pesca e Asuntos Marítimos of the Xunta de Galicia is sensitive to this problem and
has considered necessary to allocate resources to study the perkinsosis. Thus, the Centro de
Investigacións Mariñas (CIMA) and the Instituto Tecnolóxico para o Control do Medio Mariño de Galicia
(INTECMAR) are developing research projects on this disease since 1993. Some of these projects have
been or are being carried out in co-operation with the Universidade de Santiago de Compostela and the
Instituto de Investigaciones Marinas - CSIC. Results of the research are two doctoral theses and
numerous scientific articles on this subject. Nowadays, the project PERKPROGEN “The perkinsosis in
the Spanish coast: characterisation of taxonomic variants of the parasite, of its life cycle and of the
host immune response” is being co-ordinated by CIMA and involves research teams of the
Universidade de Santiago de Compostela and Centres of Andalucía, Islas Baleares and Cataluña

The European Commission was receptive to the necessity of analysing the status of perkinsosis in
Europe and promoted this forum. The workshop is sponsored by the EC through the VIth Framework
Programme for Research and Technological Development. It is co-ordinated by Dr. Antonio Villalba, of
the Centro de Investigacións Mariñas of the Consellería de Pesca e Asuntos Marítimos of the Xunta de
Galicia. Members of the Institute Français pour la Recherche de la Mer (IFREMER), the Université de
Bretagne Occidentale, the Universidade do Algarve, the Istituto Zooprofilattico Experimentale delle Venezie,
the Instituto de Investigaciones Marinas -CSIC and the Centro Tecnológico del Mar (CETMAR) take part in
the organisation of the meeting.
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“WELCOME AND OPENING SPEECH”

This international seminar involves shellfish producers, researchers and representatives of the
Administration and its objective is to analyse the impact of this disease on the European shellfish
industry. Thus, the question is to update the knowledge on this disease, to establish research priorities
and to propose recommendations to the shellfish industry and animal health authorities through five
thematic sessions the next three days. All that will be included in a book to assure the widest
distribution.

This seminar has aroused a great interest, as it is illustrated by the number of registered delegates,
around 100, coming from 5 continents, including representatives of research community, industry and
Public Administration. We are lucky to count among them relevant researchers from non European
countries, who have researched on perkinsosis for years and attend to share their valuable
experiences to deal with different aspects of investigation and fight against this disease as well as the
analysis of the status an the impact of the disease in Europe.

I wish these three days are profitable, with the confidence in that this meeting will have a highly
positive repercussion in the knowledge about Perkinsus, will serve to detect research lags and will
project research lines to establish fight strategies against this disease and thus reducing its
prevalence and the economic losses it causes.

I thank the organisers for their effort. Thank you for your attention and I wish you a happy stay in Vigo.
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SESSION 
“PARASITES OF THE GENUS PERKINSUS”
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“PARASITES OF THE GENUS PERKINSUS”

Céline Garcia1, Ricardo Leite2, Isabelle Arzul1
1 IFREMER, Laboratoire Génétique et Pathologie, BP 133, 17390 La Tremblade, France
2 CCMAR, University of Algarve, Campus de Gambelas 8005-139 Faro, Portugal
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The microorganisms of the genus Perkinsus are protistan parasites which are responsible for important
mortalities in different mollusc species. The first parasite of this genus was described following Crassostrea
virginica mortalities in Louisiana (USA) in 1946; Mackin, Owen and Collier described a spherical unknown
organism in moribund oysters which was absent in healthy specimens. This organism was characterized as
Dermocystidium marinum later called Perkinsus marinus (Mackin et al. 1950, Ray 1996). Indeed, the
taxonomy of the genus Perkinsus is still not clear and feeds considerable debates.

Perkinsus taxonomy and phylogeny
The type species Perkinsus marinus was initially considered as a fungus and called Dermocystidium marinum
(Mackin et al. 1950). Subsequent morphological and structural analyses led to various classifications inside the
Ascomycetales, Entomophthorales, Saprolegnales, Haplosporidia and finally Labyrinthuloides (Mackin 1951,
Sprague 1954, Mackin and Boswell 1956, Mackin 1962, Mackin and Ray 1966). Based on morphological and
ultrastructural characteristics, the genus Perkinsus was placed in the order Perkinsida of the class Perkinsea
within the phylum Apicomplexa (Perkins 1976, Levine 1978). Indeed, Perkinsus presents a conoid apical
complex, a subpellicular membrane, micropores and a zoospore similar to apicomplexans. Meanwhile, the
zoospore presents flagella and an anterior vacuole, which are not apicomplexan characteristics (Levine
1978).

On these differences and on the fact that the subpellicular membrane and micropores are not unique to the
phylum Apicomplexa, Vivier (1982) suggested that the Perkinsus affinity to apicomplexans was tenuous.

These morphological data were then complemented by DNA sequence data. First taxonomic analyses
based on the small subunit ribosomal RNA (SSUrRNA) gene sequences suggested that Perkinsus was
phylogenetically closer to the phylum Dinoflagellata and to the phylum Apicomplexa than to fungi or
flagellates and it was more related to dinoflagellates than apicomplexans (Goggin and Barker 1993). In the
last decade, the analyses of additional SSUrRNA gene sequences as well as actin and tubulin gene
sequences supported the inclusion of Perkinsus within the dinoflagellate clade (Siddall et al. 1997, Reece et
al 1997).

The characterization of a new alveolate species Parvilucifera infectans closely related to Perkinsus, led the authors
to create a new phylum Perkinsozoa including two genera, Perkinsus and Colpodella (Nóren et al. 1999) but to date,
no consensus was found about this new phylum (Kuvardina et al. 2002, Saldarriaga et al. 2003).

Recently, the presence of plastid-like organelle was observed in Perkinsus olseni zoospores (Teles-Grilo et
al. 2007a). Presence of plastid is a characteristic of members of both Apicomplexa and Dinoflagellata phyla.
The difference between plastids of these two phyla is mainly based on the number of membranes: three for
dinoflagellates and four for apicomplexans (Hopkins et al. 1999). Perkinsus olseni plastid shares some
structural characteristics with Apicomplexa plastids (4 membranes) but further analyses must be carried out
to clarify the taxonomic position of the genus Perkinsus (Teles-Grilo et al. 2007a). Indeed, Perkinsus olseni
karyotype reveals a chromosome organization like that of the early branches of dinoflagellate lineage (Teles-
Grilo et al. 2007b).
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Perkinsus species and host species
Since the first Perkinsus marinus description, nine Perkinsus species have been described in molluscs but
to date, only six are recognized as valid (Table 1). Thus, Perkinsus karlssoni infecting Argopecten irradians
initially included in the Perkinsus genus was subsequently considered as a non valid Perkinsus species
(McGladdery et al. 1991, Goggin et al. 1996).

Indeed, the characterization of a Perkinsus species was typically based on:
1. the implementation of non specific assays (RFTM, histology) for initial detection,
2. the geographic distribution,
3. the host range,
4. the parasite morphology specially the morphological comparison of different stages of several in  

vitro isolates.

Only few morphological differences have been reported between the different Perkinsus species and these
concern mainly the structure of hypnospores and zoospores. Moreover, for some species like P. olseni,
geographic range and hosts range are very broad.

Nowadays, conventional diagnostic techniques are generally not discriminating enough to differentiate
Perkinsus species and thus discrimination of species is partly based on molecular characteristics. Three
types of ribosomal DNA sequences are currently used for Perkinsus species designation: sequences from
SSU (Small SubUnit), ITS (Internal Transcribed spacer) and NTS (Non-Transcribed Spacer) (Villalba et al. 2004).

As mentioned above, the first described species was Perkinsus marinus in USA in the forties which affects
the American oyster, Crassostrea virginica and induces severe mortalities (Ray 1996). C. gigas and C.
ariakensis, which can be experimentally infected, seem to be more resistant to the disease (Calvo et al.
2001). Within the parasite geographic range, differences in virulence between isolates were demonstrated,
suggesting existence of several strains of this parasite (Bushek and Allen 1996, Reece et al. 2001).

Perkinsus olseni was the second-named species of Perkinsus; it was described in 1981 in the abalone
Haliotis ruber in Australia and was also found to be responsible for important mortalities of the abalone H.
laevigata (Lester and Davis 1981, Goggin and Lester 1995). It is also believed to occur in a wide variety of
molluscan species from the Great Barrier Reef (Goggin and Lester 1995). Perkinsus olseni was
experimentally transmitted to a range of molluscs under laboratory conditions (Goggin et al. 1989).

In 1989, a Perkinsus species called Perkinsus atlanticus was detected in the carpet shell clam, Ruditapes
decussatus following mass mortalities in Portugal (Azevedo 1989). This species was then detected in
different clams from different areas (Villalba et al. 2004). In the meantime, molecular systematics
demonstrated that P. olseni was a senior synonym of P. atlanticus (Murrell et al. 2002). Accepting this
perspective, P. olseni host and geographic range is now considered to be very broad. Within this range, the
recognised variability in the pathogenicity of P. olseni raises questions on the existence of types or strains
of the parasite or differences in host responses under different environmental conditions.
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In clams, two other Perkinsus species were proved to be synonymous on the basis of molecular analysis: P.
chesapeaki, parasite of the soft-shell clam Mya arenaria (McLaughlin et al. 2000) and P. andrewsi, parasite
of the Baltic clam Macoma baltica (Coss et al. 2001b). As P. chesapeaki was first discovered, its name has
the precedence over P. andrewsi (Burreson et al. 2005).

Recently, two new species were characterized: Perkinsus mediterraneus in flat oyster Ostrea edulis from
Balearic Island, Spain (Casas et al. 2004) and P. honshuensis in Manila clam Ruditapes philippinarum from
Japan (Dungan and Reece 2006).

Although most of Perkinsus species share similar morphological, ecological and life cycle characteristics,
the parasite P. qugwadi, responsible for mortalities of the Japanese scallop Patinopecten yessoensis in
Canada, is distinguished from the others species so far identified by its distinct characteristics: it does not
enlarge in fluid thioglycollate medium nor stain blue-black with Lugol's iodine (no development in
prezoosporangia), its zoospores can develop within interstitial space of living hosts, it can proliferate and be
pathogen at cold temperatures and its molecular characteristics are considerably different from that of
other species of Perkinsus (Blackbourn et al. 1998). Currently, its classification in the Perkinsus genus is
controversial (Casas et al. 2002a).

An undescribed Perkinsus species was recently detected in two oyster species, Crassostrea ariakensis and
C. hongkongensis (Moss et al. 2007); this species is being characterized.

Table 1. Perkinsus spp. and hosts (from Villalba et al. 2004)
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Perkinsus species Type host Other hosts Areas Source

Perkinsus marinus Crassostrea
virginica

Crassostrea gigas, C. ariakensis,
C. rhizophorae

USA, Hawaii,
Mexico

Andrews 1996, Burreson et al.
1994, Calvo et al. 1999, Calvo
et al. 2001, Bushek et al. 2002a,
Moss et al. 2007

Perkinsus olseni
(=P. atlanticus)

Haliotis ruber Clams: Ruditapes decussatus, R.
philippinarum, Anadara trapezia,
Austrovenus stutchburyi, Pitar
rostrata, Protothaca jedoensis;
Oysters - C. ariakensis, C.
hongkongensis;
Pearl oysters: Pinctada
margaritifera, P. martensii;
Abalones - Haliotis laevigata, H.
scalaris, H. cyclobates

Australia, New
Zealand, Korea,
Japan, China,
Portugal, Spain,
Italy and Uruguay

Azevedo 1989, Goggin and
Lester 1995, Hamaguchi et al.
1998, Liang et al. 2001, Casas et
al. 2002a, Cremonte et al. 2005,
Park et al. 2005, Abollo et al.
2006, Moss et al. 2007

Perkinsus
chesapeaki
(P. andrewsi)

Mya arenaria Macoma baltica, M. mitchelli,
Mercenaria mercenaria, Tagelus
plebeius, Crassostrea virginica

USA Kotob et al. 1999, Coss et al. 1999,
Coss et al. 2001b
Dungan et al. 2002

Perkinsus
mediterraneus

Ostrea edulis Spain Casas et al. 2004

Perkinsus qugwadi Patinopecten
yessoensis

Canada Bower et al. 1998

Perkinsus
honshuensis

Ruditapes
philippinarum

Japan Dungan and Reece 2006
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Life cycle and mechanisms of transmission
Transmission of the different Perkinsus parasites occurs directly between individual molluscs without
intermediate hosts (Ray 1954, Chu 1996, Blackbourn et al. 1998, Auzoux-Bordenave et al. 1995).

Three main stages were described: trophozoite, hypnospore (except for P. guqwadi) and zoospore (Fig.1).
These three stages have been demonstrated experimentally to be able to induce infection in molluscs
(Volety and Chu 1994, Rodríguez et al. 1994, Ford et al. 2002). However, the natural infecting stage is not
known (Chu 1996) but zoospores are supposed to be the infective stages at least for Perkinsus olseni
(Auzoux-Bordenave et al. 1995).

Fig. 1: Perkinsus olseni

cycle from Auzoux-Bordenave 

et al. (1995)

The trophozoite stage (multiplication stage)
This vegetative multiplication stage occurs inside the host tissues.
The parasite presents a spherical form with a large vacuole and a peripheral nucleus (“signet ring”
appearance). Depending on the species, the parasite size can vary and in some cases, an inclusion body
called vacuoplast could be observed within the parasite vacuole.

During vegetative proliferation, the parasite multiplies by successive binary divisions (cycle of karyokinesis
followed by cytokinesis) leading to the obtaining of daughter cells. These daughter cells stay together in a
rosette like arrangement inside the parasite wall until this wall ruptures. Once free, these cells, also called
immature trophozoites, enlarge and form a vacuole becoming mature trophozoites (Goggin and Lester 1995,
Blackbourn et al. 1998). Then, viable Perkinsus cells are released from live infected animals through
diapedesis and in faeces (Bushek et al. 2002b) and also during the animal death (Ragone-Calvo et al. 2003).

The hypnospore stage (growth stage)
This stage was mainly observed in vitro for all Perkinsus species when infected host tissues were incubated
in fluid thioglycollate medium (FTM) (Ray 1952), with the exception of Perkinsus qugwadi. Meanwhile,
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enlargement of trophozoites was also observed in moribund hosts (Perkins 1968, Valiulis and Mackin 1969).
In FTM, trophozoites enlarge and develop a thick wall becoming hypnospores (or prezoosporangia). When
transferred into seawater, hypnospores begin successive karyokinesis and cytokinesis cycles.

Hypnospores can survive a long time in severe environmental conditions and keep the ability to
zoosporulate. They are considered as a dormant stage in the Perkinsus cycle (Casas et al. 2002a).

The zoospore stage (proliferative stage)
Hypnospores or prezoosporangia are precursors of zoosporangia. Hypnospores might escape from necrotic
pustules or decaying dead mollusc and undergo further development to zoosporangia in seawater (Perkins
1968, Valiulis and Mackin 1969).

In seawater, prezoosporangia become zoosporangia by successive binary divisions and lead to the formation
of zoospores. The latter leave the zoosporangium through a discharge tube. Zoospores are supposed to be
the infective stages. The zoospores are uninucleated, with several vacuoles in cytoplasm, and motile due to
two flagella with lateral insertion (Perkins and Menzel 1966, Azevedo 1989, Casas et al. 2002a).

The zoosporulation of Perkinsus is modulated in vitro by low temperature and low salinity (Casas et al. 2002a). The
investigation of Perkinsus marinus ecology also revealed an influence of temperature and salinity on the
parasite transmission dynamics: parasite prevalence and parasite water column abundance appears to be
positively related to salinity and temperature (Audemard et al. 2006).

Diagnostic techniques
Basically, diagnosis techniques for the detection of Perkinsus species can be divided in two categories, (i)
methods based on Ray’s fluid thioglycollate medium and (ii) techniques based on molecular biology. In
addition, techniques based on the direct visualization like histology and electron microscopy are also used
but just to confirm Perkinsus presence (histology) or for species differentiation (electron microscopy).

Ray’s fluid thioglycollate assay · History
Ray’s fluid thioglycollate assay has been the most used method for detection and quantification of Perkinsus and
thus is considered as a standard diagnosis method. In this technique host tissues are simply incubated in fluid
thioglycollate medium (FTM) and then stained in Lugol’s solution. This method, developed during the 1950’s by
Sammy Ray, assumed that the agent responsible for oyster mortality in the eastern coast of USA was a fungus.
Therefore, researchers first tried to culture this agent like a normal fungus, in fungal media, but without success.
Afterwards, they tried to maintain the incubation medium bacteria-free, by treating the oyster gill tissues with
antibiotics and incubation in FTM. After 48h, no bacteria were detected but they observed large spherical bodies,
later identified as enlarged parasite cells, now known to be hypnospores, a relatively resistant stage for organisms
in the genus Perkinsus.

Over the years this method has been improved, and adopted as the standard technique for Perkinsus diagnosis
since it was published by Ray (Ray 1952). Two aspects in particular have contributed to the wide acceptance and
success of this method: its simplicity and the easy observation of the parasites after Lugol’s staining, giving a blue-
black color to the spheres and allowing its quick and simple observation and quantification under a microscope.
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Improvements
Addition of nystatin to the FTM was the last addendum to the final formulation of the Ray’s fluid
thioglycollate medium (RFTM) (Ray 1966), inhibiting fungal growth, but also enlarging the parasite. Incubation
times were also the subject of changes. A 48 hour period was first proposed by Ray (Ray 1954) but some low
infection rates found in field studies prompted him to increase incubation time to one week (Ray 1966).

The nature of the tissues collected for sampling were also the subject of some changes (Ray 1952, Ray 1954). In
order to detect light P. marinus infections by the RFTM technique, incubation of oyster heart, rectum, mantle and
gill fragments was necessary but for routine diagnosis, just the gills were used. Later, a numerical scale was
developed, and proposed as a way to correlate infection levels with the number of dark blue hypnospores
counted. In this scale, proposed by Mackin (Mackin, in Ray 1954) a numerical value of 0.5, 1, 2, 3, 4 or 5 was
assigned to infections ranging from very light to heavy, respectively. In the end of the 1990’s the basic principles of
the technique were modified to incorporate either various organs or the entire bivalve body in the assay, in order
to assess more accurately the overall infection level of the bivalve (Choi et al. 1989, Oliver et al. 1998, McLaughlin
and Faisal 1999). This technique was then adapted for different hosts/species, namely for P. marinus in oyster
(Fisher and Oliver 1996) and for P. olseni/P. atlanticus in carpet shell clam (Almeida et al. 1999). Incubation of
haemolymph in FTM was also used by Gauthier and Fisher (1990) who suggested it could represent an alternative
to the classical tissue RFTM, allowing non-lethal sampling of individuals (Gauthier and Fisher 1990). However,
comparison between gills and haemolymph FTM assays in the Ruditapes genus, performed by Rodríguez and
Navas (1995), suggested that the gill assay was the most efficient to detect infection. The haemolymph detection
procedure has later been improved giving more accuracy to the method (Nickens et al. 2002).

Some authors compared and revised the different FTM assays for Perkinus marinus and P. olseni/P.
atlanticus (Bushek 1994, Rodríguez and Navas 1995). Their results confirmed that the whole host body
incubation in thioglycollate medium was the most sensitive method. Lately, a lack of specificity of the RFTM
was detected due to the fact that FTM also enlarged hypnospores from other organisms like
Pseudoperkinsus tapetis and Mesomycetozoa, a finding confirmed by DNA sequence analysis of SSUr RNA
genes derived from hypnospores obtained following incubation of clam gills in RFTM (Figueras 2000) .
Nevertheless we must not forget that body burden assay allows a monitorization of the entire body while
PCR assays can only analyze the portion of tissue taken for DNA extraction.

This method is still a valid choice as confirmed by the recent adaptation of FTM to detect planktonic stages
of Perkinsus (Ellin and Bushek 2006).

Visual detection by histology and electron microscopy
Histology can be used for Perkinsus detection using a common haematoxylin/eosin staining. Normally,
infection is associated to infiltration and accumulation of haemocytes around a cluster of Perkinsus
trophozoites and can be observed using histological preparations. Although P. olseni trophozoites can reach
up to 30-40 µm in diameter, they generally vary from 3 to 30 µm in diameter (Choi et al. 2002). They start as
immature trophozoites, also known as meronts, merozoites or aplanospores, with 2-3 µm in diameter, then
developed to mature trophozoites with the shape of "signet-ring" and ranging from 3-10 µm in diameter,
each containing a large eccentric vacuole that presses the nucleus to the periphery of the cell, and finally
they become tomonts, with a “rosette" shape, and also denominated sporangia or schizonts. These range
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from 4 -15 µm in diameter and contain 2, 4, 8, 16 or 32 developing immature trophozoites (Villalba et al.
2004).

Occasionally, Perkinsus cells can be observed within granular haemocytes. Often clusters of trophozoites
can form cysts in some tissues, especially in the gills. In advanced infections, Perkinsus sp. cells start to
spread to other tissues such as the subepithelial connective tissue. Cysts can also be observed in the
connective tissue, between the tubules of the digestive gland and in the gonads. To date, no well defined
morphological features have been identified to differentiate between the various species of Perkinsus
reported to infect clams. This technique also failed to differentiate Perkinsus species because species
morphology can be different according to seasons, host species and nutrient available (Villalba et al. 2004).

Transmission electron microscopy
Transmission electron microscopy cannot be really considered as a diagnostic tool due to the infinitesimal size of
the samples analyzed. Nevertheless, it is a powerful technique to distinguish Perkinsus species and can be used
to acquire additional information on the morphology/physiology of the parasite. Most Perkinsus species were
already dissected at the electron microscopy level: P. olseni by (Azevedo 1989); P. marinus by (Sunila et al. 2001);
P. andrewsi by (Coss et al. 2001a). However, no specific differences were identified since all features observed were
consistent with those of other species of Perkinsus described from the various mollusks observed.

Immunohistochemical and Molecular Tools.
In the last 15 years, molecular-based diagnostic techniques for Perkinsus have been developed, based on
the latest methods and improvements in modern molecular biology. Some of these methods did not intend
to substitute completely the older RFTM assay but to complement and give more specificity and swiftness
to Perkinsus assays.

Immunohistochemical techniques:
The first steps on new techniques of diagnostic were the development of specific Perkinsus antibodies. In
one of the pioneer methods, a polyclonal antibody developed was shown to be capable of reacting against
a specific stage of Perkinsus marinus. In 1993, the first monoclonal antibodies were developed and they
were not just only capable of recognizing all P. marinus life stages but also different Perkinsus species like
P. olseni and others. However, some years later, these antibodies where shown to cross react with
dinoflagellates, particularly with several parasitic forms (Bushek et al. 2002c).

An ELISA assay using polyclonal antibodies raised against in vitro produced Perkinsus marinus extracellular
factors was shown to be a more sensitive than the diagnostic tool RFTM assay (Ottinger et al. 2001);
however, specificity was not rigorously examined. More recently, specific polyclonal antisera against
polypeptides obtained from P. olseni/P. atlanticus hypnospores have been produced (Montes et al. 2002).

PCR assays
The ribosomal RNA gene of Perkinsus marinus was cloned in 1993 and it was one of the most used targets
for detection assays using Polymerase Chain Reaction. Several specific primers were designed for this
region due to the ambiguous similarity/specificity of this region between different Perkinsus species. The
similarities of this region allowed development of capable of detecting various species of Perkinsus while
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the differences allowed the possibility of differentiating species or strains. The same region was also used
to characterize several isolates of Perkinsus olseni and Perkinsus andrewsi.

All authors agree that this technique is more powerful in terms of sensitivity because it decreased the limits of
detection while increasing specificity since, in contrast with the RFTM assay, it can resolve between different
species and strains. But this technique has also some negative aspects, such as the fact that the sample to be
tested is collected from a single region of the host and does not include the entire body as in the body burden
assay. Another important point is the fact that most of these primers were never widely tested against closely
related organisms like dinoflagellates and marine protozoan parasites. In order to avoid this and other problems,
some authors introduced more sensitive assays like PCR-ELISA, a powerful technique capable of quantifying and
identifying the Perkinsus species with the specificity of PCR but with the sensitivity of ELISA (Elandalloussi et al.
2004). This approach can increase the limit of detection by 100 times in comparison with normal PCR techniques.

Recently researchers are adapting some powerful molecular tools like Real Time qPCR and RFLP for quantification
and species detection. Examples of this is the use of Real Time for Perkinsus detection in environmental waters
with a detection limit of 3.3x10-2 cells in a 10 µl reaction volume and more recently the use of this technique for
determining the Perkinsus transmission dynamics in environmental waters (Audemard et al. 2004,Audemard et al.
2006).The introduction of Real Time PCR for detection and quantification initiated a new era for Perkinsus detection
techniques, due to the fact that this method can not only detect but also quantify the degree of host infection,
taking into account various parameters like host habitat, coastal waters and intensity of infection in surrounding
areas. With some improvements this technique can also be used to determine Perkinsus species.

In the field of species differentiation the use of RFLP is proving to be a good tool for distinguishing different
Perkinsus species. Abollo and collaborators already demonstrated that a combination of a specific amplification of
the rRNA ITS region followed by the use of two restrictions enzymes can differentiate four different species of
Perkinsus: Two (P. marinus and P. chesapeaki) with the use of one restriction enzyme (RsaI) and two more (P. olseni
and P. mediterraneus) with the use of RsaI followed by HinfI. One of the many advantages of this method is the
rapid and inexpensive identification of Perkinsus species (Abollo et al. 2006).

In conclusion, RFTM assay is being substituted in favor of modern molecular tools, especially those based
on PCR assay due to the enormous flexibility and power of this technique. As main advantages it can be
emphasized its quickness, sensitivity and robustness. Over time, the molecular diagnostic techniques based
on PCR assays will probably largely replace the classical RFTM method. A primary benefit of the PCR
technique is its rapidity: the presence of Perkinsus can be assessed in 200 individuals in just one day,
whereas the RFTM assay typically requires at least five days to one week (Robledo et al. 1998). This is an
important advantage for disease prevention and control.

In conclusion, although molecular detection methods have the potential to greatly facilitate detection and
discrimination of Perkinsus species, as discussed above, it is important that intra- as well as inter-specific
sequence variation at target loci be examined and adequately characterized, in order to develop the most
powerful molecular assay possible.
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TAXONOMY OF PERKINSUS SPECIES BASED ON MOLECULAR 
GENETIC DATA: IDENTIFICATION OF SPECIES AND HOST AND 
GEOGRAPHIC RANGES

Kimberly S. Reece1, Jessica A. Moss1, Corinne Audemard1, Christopher F. Dungan2,
Eugene M. Burreson1

1School of Marine Science, Virginia Institute of Marine Science, The College of William and Mary, P.O. Box 1346,
Gloucester Point, Virginia, 23062 USA
2Maryland Department of Natural Resources, Cooperative Oxford Laboratory, 904 S. Morris St., Oxford, Maryland,
21654 USA

Correct identification and discrimination of Perkinsus species has been problematic, as historically
Perkinsus species descriptions have relied largely on slight morphological variations, and on differences
in geographic and host ranges. Although minor distinctions in morphological characters have been
observed among some species, it is difficult to discriminate among Perkinsus species based solely on
these features. Advanced DNA sequencing technology has facilitated a rapid increase in the molecular
database for Perkinsus spp., and this information is being used to recognize currently accepted species
in new hosts and geographic locales, and for identification of new Perkinsus species. Molecular
phylogenetic analyses based on DNA sequence information have brought into question some previous
species designations and provided evidence for several new species. Phylogenetic analyses based on
sequences from the internal transcribed spacer (ITS) region, the LSU rRNA gene and actin genes support
recent synonymizations of P. atlanticus with P. olseni, and of P. andrewsi with P. chesapeaki. In addition,
molecular data have provided key supporting evidence for the recent descriptions of P. mediterraneus
in Europe and P. honshuensis in Japan, as well as the identification of another new Perkinsus species
found in several oyster species in southern China. Accurate identification of the host and geographic
ranges of various Perkinsus spp. using molecular data is resulting in a better understanding of pathogen
transports that likely occurred with the movement of host molluscs around the world, and is allowing
improved assessment of the disease impacts on various host species.
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PERKINSUS QUGWADI THE ENIGMATIC PATHOGEN 
OF JAPANESE SCALLOPS, MIZUHOPECTEN YESSOENSIS,
CULTURED IN BRITISH COLUMBIA, CANADA

Gary R. Meyer, Susan M. Bower
Fisheries and Oceans Canada, Pacific Biological Station, Nanaimo, B.C. Canada

Perkinsus qugwadi is a puzzling pathogenic protozoan of cultured Japanese scallops (Mizuhopecten
yessoensis) in British Columbia, Canada. Between 1988 and 1997 P. qugwadi was detected in 8 to 98%
of M. yessoensis collected from 5 of 14 locations and caused high mortalities (> 90%) at one location.
Data indicates that P. qugwadi is enzootic to British Columbia but the natural host is not known. Native
species of scallops (Chlamys rubida, Chlamys hastata and probably Patinopecten caurinus) were
resistant to infection. In recent years P. qugwadi has not been problematic (nor detectable) for the
aquaculture industry. The apparent ‘disappearance’ of this pathogen may be attributed to selective
hatchery breeding of stocks that demonstrated resistance to disease or the natural cycle of abundance
is currently at a low ebb. The morphology of the developmental stages of P. qugwadi are very similar
to those of other Perkinsus spp., with the exception for ultrastructural orientation of some organelles
in the biflagellated zoospore. Also, unlike other species in this genus, P. qugwadi multiplied and was
pathogenic at low temperatures (8-15 ºC), the zoopsores developed within the interstitial spaces of
living host tissue, and the thioglycollate culture technique followed by staining with Lugol’s iodine stain
used as a diagnostic assay for all other Perkinsus spp. was negative for P. qugwadi. In addition,
molecular phylogenetic analyses of P. qugwadi consistently place this species at the base of a clade
containing the other Perkinsus spp.
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SOME CONSIDERATIONS ON THE USE OF RFTM,
PCR AND OTHER ASSAYS IN MONITORING 
AND RESEARCH OF PERKINSOSIS.

David Bushek1, Susan Ford1, Christopher Dungan2

1Haskin Shellfish Research Laboratory, Rutgers University, Port Norris, NJ, USA
2Maryland Department of Natural Resources, Cooperative Oxford Laboratory, Oxford, MD USA

The earliest identifications of perkinsosis date back to the 1940s in the northern Gulf of Mexico when it
was described from fresh tissue smears and histological preparations as a fungal-like protozoan that is
now known as Perkinsus marinus. The RFTM assay was serendipitously developed during early
attempts to culture the parasite. It is a relatively simply and powerful assay that quickly became the
standard means for detecting Perkinsus marinus in Crassostrea virginica. Modifications have enabled
the assay to be applied to hemolymph, environmental samples, whole individuals (i.e., total body
burden), batches of larvae, environmental samples and other species. By extending the assay to other
Perkinsus spp. it was revealed that the RFTM assay is no more than genus-specific. In the early 1990s,
a polyclonal antibody assay was developed that is nearly genus-specific, but can also identify selected
dinoflagellate species. More recently, with the advancement and proliferation of molecular genetic
technologies, several PCR assays have been developed to identify Perkinsus spp. In this talk, the
application of these assays will be reviewed in the context of their advantages and disadvantages for a
particular purpose. For example, PCR is often touted as being more sensitive, but field and lab data
suggest this is dependent upon the sample volume assayed. On the other hand, RFTM assays cannot
distinguish among species whereas some PCR methods can. Finally, a discussion on the use of
terminology and statistical analysis of prevalence and infection intensity data will be presented.
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EVALUATION OF THE SENSITIVITY AND SPECIFICITY 
BY LATENT CLASS ANALYSIS OF RAY’S METHOD,
HISTOLOGICAL ASSAY, AND PCR DIAGNOSIS OF 
PERKINSUS OLSENI IN RUDITAPES DECUSSATUS

J.I. Navas1, R. de la Herrán2, I. López-Flores1, M.C. Quintero1, I.M. García-Pardo1,
M. Ruiz-Rejón2, J.C. Manzano3

1 IFAPA, Centro Agua del Pino, Consejería de Innovación Ciencia y Empresa,
Junta de Andalucía. Crta. Punta Umbría-Cartaya s/n. 21459 Huelva, Spain.
2 Departamento de Genética, Facultad de Ciencias, Universidad de Granada. 18071 Granada.
3 IFAPA, Tabladilla s/n. 41071 Sevilla, Spain

The classical histological examination, Ray’s method and PCR analysis, are the main procedures for
diagnosing Perkinsus infections. However, there are no data concerning their epidemiological sensitivity
and specificity. These parameters are essential in comparing and validating methods as well as in
estimating predictive values, true prevalence, and sample size.
Historical data of 1977 clams from four different sites were used to evaluate the sensitivity and
specificity of classical histological analysis and Ray’s method. In the absence of a gold standard, two
different statistical approaches, based on the latent class model, were used: maximum likelihood and
Bayesian methods.
For the PCR method, 53 clams were analysed by Ray’s method using two hemibranchs and by PCR
using 1μg of DNA extracted from 20 mg of gill. In this case, only the Bayesian approach was used.
Values of sensitivity were between 0.20-0.23 for histology, 0.93-0.95 for the Ray’s method and 0.86 for
PCR. Specificity values were >0.99, 0.89-0.95 and 0.92, respectively. The best result found with the Ray
method with respect to PCR is discussed and explained by the quantity of tissue used.
In addition, Cohen’s kappa coefficient of agreement was only 0.23 between histological and Ray’s
method and 0.49 between the latter and PCR diagnosis. These low values were due to disagreement
in the diagnosis of very low infections. When ordered-category data were analysed using Fleiss-Cohen
(quadratic) weights, the kappas were 0.68 and 0.95, respectively.
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EPIDEMIOLOGICAL EVIDENCE CONTRADICTS
EXPERIMENTAL RESULTS, AND INDICATES CONSISTENT PARTITIONING
OF HOSTS BY TWO PERKINSUS SPP. THAT ARE CO-ENDEMIC AMONG
SYMPATRIC CHESAPEAKE BAY BIVALVE MOLLUSCS

Christopher F. Dungan1, Kimberly S. Reece2, Jessica A. Moss2, Nancy A. Stokes2, Karen L. Hudson2,
Rosaleee M. Hamilton1, Eugene M. Burreson2

1Maryland Department of Natural Resources, Cooperative Oxford Laboratory, 904 S. Morris St., Oxford, Maryland, 21654 USA
2School of Marine Science, Virginia Institute of Marine Science, The College of William and Mary, P.O. Box 1346, Gloucester
Point, Virginia, 23062 USA

Two co-endemic Perkinsus spp. are described from sympatric Chesapeake Bay oysters and clams.
Since the 1950s, heavy dermo disease mortalities from Perkinsus marinus infections in Crassostrea
virginica oysters have occurred, and similar infections by P. chesapeaki have occurred among the
oyster-sympatric clams Tagelus plebeius, Mya arenaria, and Macoma balthica. When the two latter
clam species and C. virginica oysters were challenged experimentally by mantle cavity inoculations of
in vitro P. marinus or P. chesapeaki cells, all host species were infected by both pathogen species,
suggesting that these closely sympatric Chesapeake Bay oysters and clams may serve as common
hosts for both Perkinsus species. To determine actual host distributions for P. marinus and P.
chesapeaki among wild Chesapeake Bay-region bivalve molluscs, a survey was conducted of C.
virginica oysters and six species of clams co-habitating with oysters at 11 locations in Maryland and
Virginia waters. Perkinsus sp.-specific PCR assays were performed on DNA samples from 731 bivalves,
and species-specific in situ hybridization assays were performed on histological sections from a
selected subset of sampled host tissues. Among 279 C. virginica oysters tested by PCR assays, 92%
harbored P. marinus, and 6% were co-infected by P. chesapeaki at maximum sample prevalences of
20-28%. Among 457 sampled clams of six species, 33% harbored P. chesapeaki, and a single M.
arenaria clam harbored P. marinus (0.2%). In situ hybridization assays with Perkinsus sp.-specific DNA
probes revealed that, where PCR detected P. chesapeaki in oysters or P. marinus in clams, cells of
those parasites were rare, in situ. Results from this survey of wild populations revealed that under
natural conditions in Chesapeake Bay-region waters, bivalve mollusc hosts are consistently partitioned
between two co-endemic Perkinsus spp., with P. marinus infections occurring almost exclusively in
oysters, and P. chesapeaki infections predominating among six clam species.
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TRANSMISSION OF PERKINSUS OLSENI

R.J.G. Lester, C.J. Hayward*
Microbiology and Parasitology, The University of Queensland, Brisbane, Queensland 4072, Australia
*Current address: Aquaculture, University of Tasmania, Launceston, Tasmania 7250, Australia.

Perkinsus olseni causes abscesses under the surface of the foot and mantle of Australian abalone
reducing its market value. The phenomenon occurs in well defined hot-spots along the coast. We have
taken tissues from affected abalone, incubated them in an anaerobic medium, produced zoospores and
infected other abalone thus simulating what might happen in the wild when an infected abalone dies.
At one hot-spot where 50-60% of the abalone were infected we measured certain parameters to clarify
the population dynamics of the parasite. Abalone from an area free of the disease were translocated
into the site to measure the ‘force of infection’. Over half became positive for Perkinsus (using the Ray
test) within 4 months, showing that the ‘force of infection’ was extremely high. Despite the high
prevalence of the infection, there was little sign of mortality in the resident or introduced abalone.
Indeed some of the largest/oldest resident abalone had the most abscesses. Juvenile abalone were not
seen in the area, suggesting mortality in this group could be the source of the infection but juveniles
infected in the laboratory did not have an increased mortality rate. As hypnospores have been found
in abscesses in adult abalone we hypothesise that transmission occurs via zoospores that are released
from hypnospores which have erupted from ulcerating lesions in the skin. In experimental infections
of bivalves, parasites readily developed just under the skin suggesting this mechanism of release may
occur in other molluscs also.
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INFECTIOUS DOSE AND TRANSMISSION BY 
COHABITATION OF PERKINSUS OLSENI
IN RUDITAPES DECUSSATUS

J.I. Navas1, M.C. Quintero1, I.M. García-Pardo1, J.C. Manzano2

1 IFAPA, Centro Agua del Pino, Consejería de Innovación Ciencia y Empresa,
Junta de Andalucía. Crta. Punta Umbría-Cartaya s/n, 21450, Cartaya (Huelva), Spain.
2 IFAPA, c/ Tabladilla s/n. 41071 Sevilla, Spain

Different experiments were carried out in order to explore important aspects concerning the
transmission of Perkinsus olseni in Ruditapes decussatus.
To estimate the infectious dose, Perkinsus-free clams were exposed to tenfold progressive dosages of
mobile zoospores of P. olseni, in closed flow for 24 h at 20 ºC. After 60 days post-infection, clams were
analysed by Ray’s method. The minimum dose required to infect a clam was of 1000 zoospores. The
infectious dose to 50% of exposed clams was between 23000-44000 zoospores/clam, depending on
the calculation method used.
Experiments of cohabitation using mixed couples of uninfected/infected clams were carried out to
determinate the relative risk (RR) and odds ratio (OR) of infection by cohabitation with a dead or live
infected clam. After 74 days in a 100-mL flask with open flow, the probability of infections was 10/30
for cohabitation with a dead infected clam, and 3/61 for cohabitation with a live infected one. These
results show that the transmission of P. olseni does not require the death of the infected clam. The RR
of infection by cohabitation with a dead infected clam was 6.2 times greater than with a live one. The
OR was 8.4. Another experiment showed that the probability of transmission between live clams
increases in semi-closed flow systems.
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Three issues were especially pointed out during the round table of the first session 
of the workshop and will be developed hereafter:
· New species or types: characterization and implications
· Diagnosis for the detection of Perkinsus olseni: which technique for which epidemiological situation?
· Definition of the host range of Perkinsus olseni

New species or types: characterization and implication
The description of new species or types needs a common methodological approach. In the past, the notion
of species was based on host and geographic specificity and eventually on ultrastructural features.
Nowadays, the characterization of a new species requires additional information including molecular data
and should also consider biochemical, serological and epidemiological features. However, as genome
knowledge increases, a preliminary requirement is the identification and assessment of regions of the
genome which provide discriminators for accurate differentiation of Perkinsus species and strains. At least
three sets of genes are regularly used for Perkinsus characterization: ribosomal genes, actin and tubulin
gene.

We have to remind that pathogen differentiation influences listing and reporting, which has serious
implications for international trade in live animals and their products. There are examples where only some
virulent strains of the same species cause the disease of concern. Within the geographic range of Perkinsus
marinus, differences in virulence between isolates were demonstrated, suggesting that the existence of
several strains of this parasite might exist with differences in genetic composition, geographic distribution
and virulence. Thus, evaluation of risk associated to transfers of stocks should probably not take into
account the unique specification of pathogens but genotypes of both hosts and pathogens.
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1IFREMER, Laboratoire Génétique et Pathologie, BP 133, 17390 La Tremblade, France
2CCMAR, University of Algarve, Campus de Gambelas 8005-139 Faro, Portugal
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It was concluded that characterization of a new Perkinsus species should be done following a guideline
which could be prepared by the OIE reference laboratory for perkinsosis (Virginia Institute of Marine
Science).

Diagnosis for the detection of Perkinsus olseni: which technique for which epidemiological
situation?
Although utilisation of non-specific methods - such as Ray fluid thioglycollate medium (RFTM) culture
and histology - is suitable for the initial detection of perkinsosis, it is not an option for specific
identification of any isolate regardless of geographic origin or host identity.

More and more DNA based tools for diagnosis are developed and allow detection of Perkinsus
parasites at genus, species or type levels. However, these tools need to be tested, standardized and
validated for their accuracy, sensibility and specificity.

Regarding the different techniques of detection and quantification of Perkinsus olseni by culture in fluid
thioglycollate medium and the large amount of PCR methods developed for the detection of Perkinsus
parasite, standardized protocols need to be established when these tools are used for surveillance
purposes.

Epidemiological values of specificity and sensitivity (which are different from the analytical values) are
required for any surveillance programmes and are lacking for most of diagnostic techniques for
mollusc diseases including perkinsosis. These diagnostic technique performances are necessary to
determine the sampling size and thus the cost of the surveillance programme and should influence the
choice of the technique. Thus, in the context of a surveillance programme, to be recognized as free of
Perkinsus olseni or to determine the prevalence of the disease in an area, RFTM culture is as efficient
as PCR unless the sampling size takes into account specificity and sensitivity of the technique. Recent
development of mathematical programs helps validation of diagnostic techniques without considering
one of them as the gold standard and should contribute to better estimation of these lacking values.
As previously mentioned, RFTM culture or histology are not suitable for confirmatory approaches and
need to be complemented by PCR and sequencing analysis to assess the species or the type of
Perkinsus. In fact, two species of Perkinsus can occur in the same geographic area (see P. olseni and
P. mediterraneus, P. marinus and P. chesapeaki), even sometimes infecting the same hosts (not
described in Europe but see P. marinus and P. chesapeaki in USA, P. olseni and P. honshuensis in Japan).
The lack of distinctive morphological features therefore renders the specific identification of Perkinsus
isolates extremely difficult in diagnostic laboratories.

Quantitative tools can be required in some particular cases like in investigations of disease impact at
individual or population levels. Two quantitative diagnostic methods are presently available: RFTM
culture using Mackin's scale, which is widely used, and the quantitative Real time PCR developed by
Audemard et al. (2006) which can also be used to measure the amount of parasites in the water.
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It was concluded that diagnostic tools for the detection of Perkinsus olseni need to be formally validated,
including determination of epidemiological values of specificity and sensitivity. Once these parameters are
established, they should be used to estimate required sampling size according to expected confidence level.

Definition of the host range of Perkinsus olseni
Since the recognised synonymy of the species described in Europe and Asia, Perkinsus atlanticus and P.
olseni, the host and geographic range for P. olseni is very broad.

Indeed, the parasite has been reported in many different places all around the world including Australia,
Asia, Europe and more recently South America. It has been observed in many different host species: clams
- Anadara trapezia, Austrovenus stutchburyi, Ruditapes decussatus, R. philippinarum, Pitar rostrata and
abalone - Haliotis rubra, H. laevigata, H. scalaris, H. cyclobates. Other bivalve and gastropod species might
be susceptible to this parasite, especially within its known geographical range. Indeed, Perkinsus species
related to P. olseni were described in oysters, cockles, mussels but most of these observations were only
made by histology and the parasite species was not assessed by molecular techniques.

Although Perkinsus olseni life cycle has been already partially described, the infective form remains
unknown. Some authors suspect zoospores to be the infective form of the parasite. Transmission of the
disease is possible under experimental conditions by cohabitation between infected and non infected
animals but also by inoculation of trophozoites, hypnospores and zoospores into pallial cavity or by bath
with suspensions of zoospores, trophozoites or hypnospores.

Experimental assays to transmit Perkinsus olseni should help to define the parasite host range. For example,
since P. atlanticus and P. olseni are considered co-specific, one can wonder if Haliotis tuberculata, the
European endemic abalone species is susceptible or not to the disease. Experimental transmission can help
to answer this question and should be completed by epidemiological survey. Indeed it has been shown that
experimental studies may lead to artificial results which do not correspond to the reality in the field, and
therefore this possibility should be clearly stated.

It was concluded that Perkinsus olseni host range needs to be checked by using molecular tools to assess
parasite species especially when it is observed in a new host species or a new geographic area.
Experimental studies should be used to test susceptibility of some species to the disease but need to be
confirmed by epidemiological studies in the field.
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Introduction
Epizootiology is the science which studies origin, frequency, distribution, development, determinants and
extinction of animal diseases at population level. The main objective of Epizootiology is to provide the
methods contributing as much as possible to protect or to restore the health of animal populations (or
groups). The objects of Epizootiology are: animal populations (or groups), etiological agents, environmental
parameters, and their interactions. This report focuses only on some epizootiological aspects of perkinsosis,
to avoid much overlapping with other sections of the book. Most information included in this report had
been included in a previous review (Villalba et al. 2004).

Diagnostic techniques for epizootiological studies
Diagnostic techniques for perkinsosis are dealt with in depth in other section of this volume (Garcia et al.
2008). Ray’s fluid thioglycollate medium (RFTM) (Ray 1966) is the technique of choice for routine monitoring
and surveys because of its simplicity and economy. Classically, the technique has been used to detect
Perkinsus spp. in mollusc tissue fragments (usually pieces of gill, mantle and rectum). In addition, the
technique was adapted to include the entire mollusc body (Choi et al. 1989, Fisher and Oliver 1996), to allow
a more accurate quantification of the infection intensity, and to include just haemolymph (Gauthier and
Fisher 1990, Nickens et al. 2002), to allow non-lethal sampling. More recently, the technique has been
adapted to detect and quantify free parasite cells in the water (Ellin and Bushek 2006).

Temporal disease dynamics and influence of environmental conditions
Many factors can influence spatial and temporal variations in prevalence and parasitosis intensity,
either by affecting the parasite, the host or their interaction. Most epizootiological studies on
perkinsosis have focused on the geographical range of the disease and the effects of temperature and
salinity on parasite and disease dynamics. The geographic distribution of the Perkinsus spp. that
have been identified thus far is dealt with in other section of this volume (Garcia et al. 2008).
Considerable epizootiological information is available for Perkinsus marinus whereas it is rather
scarce on the other Perkinsus spp. Field studies in which the prevalence and intensity of infection by
P. marinus were recorded along salinity gradients, as well as for multiple years -involving annual
cycles of temperature and salinity variation- demonstrated the marked influence of both
environmental parameters on the disease dynamics (Ray 1954, Mackin 1956, Andrews and Hewatt
1957, Mackin 1962, Quick and Mackin 1971, Soniat 1985, Andrews 1988, Craig et al. 1989, Soniat and
Gauthier 1989, Crosby and Roberts 1990, reviewed by Burreson and Ragone Calvo 1996, Soniat 1996).
Prevalence and intensity of P. marinus infections in the natural environment increase with increasing
salinity. Historically, P. marinus was absent from areas with salinities below 12–15 ppt, which were
considered disease-free ‘sanctuaries’. However, in drought years, salinity raised beyond that limit in
many of those areas, leading to the establishment of the parasite into them. Once established in a low
salinity area the parasite persists and has been observed to tolerate salinities below 5 ppt for longer
than 3 months. When salinity returns to more favourable conditions, the parasite responds through
increases in prevalence and intensity.
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Prevalence and intensity of P. marinus infections in the natural environment also increase with increasing
temperature. The annual temperature cycle determines a seasonal pattern of variation of prevalence and
intensity. Temperature has more influence in places with broad fluctuations (Chesapeake Bay and
northwards) than in places where the temperature remains relatively warm year-round (Gulf of Mexico). The
seasonal pattern of P. marinus parasitism in Chesapeake Bay (Fig. 1) begins with the prevalence and
intensity increasing in late spring, when the temperature increases above 20ºC, as a result of proliferation
of overwintering infections. Maximum values of both variables usually occur in late summer. Oyster mortality
is mostly concentrated in late August and September. Regression of infection in oysters that did not die
takes place during the winter and spring as temperature decreases. The decline in prevalence observed over
the winter is primarily due to infection regression and persistence of the parasite at an undetectable level
by standard diagnostic techniques, rather than to complete elimination of the parasite (Ragone and
Burreson 1994). New infections are acquired mainly in late summer, coinciding with maximal mortality,
although transmission can also occur when host mortality is low or absent (Ragone Calvo et al. 2003b).
Unusually warm springs and falls allow longer periods of parasite proliferation, thus resulting in greater
oyster mortality. Likely, temperature is the most important environmental factor affecting the large-scale
geographic distribution of P. marinus. The range extension by P. marinus northwards in the early 1990s was
probably due to above average winter temperatures linked to a warming trend (Ford 1996).

Fig. 1. Summary of the annual

cycle pattern of the Perkinsus

marinus infection dynamics in

Chesapeake Bay: Dashed lines

represent months of reduced

activity compared to months

represented by solid lines.

From Burreson and Ragone

Calvo (1996).
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Analyses of a 10-years time series showed a teleconnection between El Niño-Southern Oscillation and
perkinsosis in oysters in the northern Gulf of Mexico (Soniat et al. 2005). Salinity increases precede increased
P. marinus prevalence by several months; the changes in salinity that trigger changes in disease prevalence
and intensity are strongly driven by El Niño-Southern Oscillation events. Interannual variation is important in
the initiation and intensification of disease, and salinity is the primary driving factor. As mentioned above a
relative narrow temperature range in the Gulf of Mexico explains a less important role of this variable in
perkinsosis dynamics in this area. The patterns in the environmental and perkinsosis time series suggested
that epizootics can be initiated within 6 months of a La Niña event, which produces increased water
temperature and salinity (Soniat et al. 2005).

Laboratory experiments performed in vitro have confirmed the marked influence of temperature and salinity
on the P. marinus cell activity and viability, both of trophozoites (Burreson et al. 1994, Dungan and Hamilton
1995, Gauthier and Vasta 1995, O’Farrell et al. 2000) and zoosporulation stages (Chu and Greene 1989). In
vivo laboratory experiments also demonstrated the influence of both environmental factors on infectivity
and disease progression (Fisher et al. 1992, Chu and La Peyre 1993a, 1993b, Chu et al. 1993, Ragone and
Burreson 1993, Chu 1996, Chu et al. 1996, Chu and Volety 1997, La Peyre et al. 2003). Environmental factors
impact disease progression/regression by modulating the host immune system (Chu and La Peyre 1993a,
1993b, Anderson 1996) as well as parasite activity (see discussion below). If temperature and salinity
influence P. marinus infection, their interaction is particularly significant (Burreson and Ragone Calvo 1996,
Soniat 1996, Chu 1996).

Epizootiological knowledge on P. marinus is a reference for the other Perkinsus spp. Five years of monthly
sampling of a Ruditapes decussatus clam bed affected by Perkinsus olseni revealed an annual pattern of
perkinsosis dynamics influenced by temperature (Villalba et al. 2005). Prevalence and intensity peaked in
spring coupled with increasing temperature (above 15ºC). Intensity stayed high through the summer and
peaked again in late summer-early autumn when temperature was maximal (19 - 21ºC). Infection regression
occurred in late autumn to early spring, coinciding with lower temperature (annual minimum of 9-10ºC) (Fig.
2). Monthly mortality in the clam bed peaked in spring and summer, after peaks of P. olseni infection
intensity, and concurrently with high seawater temperature. The comparison of clam mortality percentages
between clams from 2 sources (a perkinsosis affected- and a non affected-area) placed in the same bed
showed significantly higher mortality in the clams from the perkinsosis affected area. Salinity stayed above
15 ppt throughout the study period, thus the effect of low salinity could not be observed in that field study.

“EPIZOOTIOLOGY”

woper_1  14/3/08  10:59  Página 47



48

Fig. 2. Temporal dynamics of infection of clams Ruditapes decussatus by Perkinsus olseni. Monthly variation of the

mean infection intensity in large clams (>40 mm) and the mean value of the last 3 weekly temperature records up

to each monthly sampling. From Villalba et al. (2005).

Infection intensity and mortality caused by P. olseni in Australian abalones was also enhanced by increasing
temperature (Goggin and Lester 1995). A 3-year survey performed in Spencer Gulf, Australia (Hayward et al.
2006) disclosed year to year fluctuations in the prevalence of P. olseni in Haliotis rubra; each year, the
prevalence increased slightly from summer to autumn. The authors hypothesised that the prevalence is
determined by the severity of nutritional stress, which is underpinned by fluctuations in environmental
conditions. In the case of Perkinsus qugwadi, no apparent seasonality was detected, however, and it
remained pathogenic and was able to produce zoospores at temperatures as low as 10ºC (Bower et al.
1998).

Laboratory experiments performed in vitro have confirmed the marked influence of temperature and salinity
on P. olseni cell activity and viability of zoosporulation stages (Auzoux-Bordenave et al. 1995, Ahn and Kim
2001, Casas et al. 2002). According to Casas et al. (2002), the optimum temperature range for P. olseni
zoosporulation is 19-28ºC and the temperature range allowing zoosporulation in vitro is 15-32ºC.
Hypnospores held at 10ºC for 2 months (similar to winter conditions in Galician waters) gave rise to viable
zoospores after they were transferred to higher temperatures. This suggests that hypnospores could
overwinter and zoosporulate in the next spring. Zoospores could survive up to 22 and 14 days at 28 and 10ºC,
respectively. The optimum salinity range for zooporulation was 25-35 ‰. Zoospore production was abruptly
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reduced as salinity decreased. The lowest salinity at which zoosporulation was observed was 10 ‰.
According to the previous information, P. marinus is adapted to warmer environment, P. olseni to
intermediate temperature and P. qugwadi to cooler environment.

Influence of other stressing factors
Other stressing factors can increase host susceptibility to infection. P. marinus disease progression is
enhanced by pollution (Anderson et al. 1996, Chu and Hale 1994). Comparison of clam R. decussatus beds
from different sites of Portugal showed that the sites where the human interference was minimal had the
lowest levels of perkinsosis (Leite et al. 2004). Synergic effects of P. olseni infection (Azevedo 1989), pollution
(Bebianno 1995), and hypoxia (Sobral and Widdows 1997) could be responsible of mass mortalities of the
clam R. decussatus in southern Portugal. Anderson et al. (1998) also suggested that synergistic effects of
TBT pollution, hypoxia and P. marinus infection could increase oyster mortality. The role of factors governing
oyster nutritional stage (food availability and other factors affecting food intake by the oyster) in P. marinus
infection progression has been emphasised by Hofmann et al. (1995) and Powell et al. (1996). The weakened
condition of post-spawning stage animals may also facilitate disease progression.

Influence of age
Higher filtration rates and longer exposure to infective particles could explain why P. marinus prevalence is
higher in adult than in juvenile oysters living in the same area (Burreson and Ragone Calvo 1996, Soniat
1996, Powell et al. 1996). Similarly, intensity of infection by P. olseni is highly correlated with clam R.
decussatus age (Fig. 3) and a hypothetical pattern of progression of perkinsosis associated with clam age
was deduced for a clam bed located in Galicia (NW Spain): infection is not detected before clams are 1 year
old (< 20 mm long); it becomes detectable through the second year in some of the clams; the infection
progresses (intensity and prevalence increase) after the clams are 2 years old; the infections are heavier and
most (> 80%) clams are infected when they are more than 3 years old (> 40 mm long) (Villalba et al. 2005).
Assuming that severe (even lethal) effects are expected only when infection reaches high intensity degrees
(values 4 and 5 in Mackin´s scale), serious effects of perkinsosis would concentrate on >3 years old clams.
Nevertheless, other stressing factors (see below) could contribute to increase the susceptibility (so the
severe effects) in younger stages. Association of perkinsosis intensity with clam age/length was also
observed in Ruditapes philippinarum from Korea (Park et al. 1999, Park and Choi 2001). Choi and Park (1997)
did not find infection in R. philippinarum less than 15 mm long and detected nearly 100% infection
prevalence in clams longer than 20 mm.
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Fig. 3. Distribution of the clams Ruditapes decussatus in each size class according to the intensity of infection by

Perkinsus olseni estimated after incubation of 2 gill lamellae in RFTM. The infection intensity categories are identified

by different patterns in the vertical bars. From Villalba et al. (2005).

Transmission
Perkinsus spp. can be directly transmitted between molluscan hosts without any intermediate host.
Therefore, proximity among individuals of a susceptible species (population density) enhances disease
transmission (Andrews 1965). Laboratory experiments on transmission demonstrated the importance of
dosage of infective cells (Chu and La Peyre 1993b, Chu et al. 1993, Chu and Volety 1997). In the natural
environment, the longer the distance between infected and healthy individuals, the higher dilution of
infective particles. Trophozoites, hypnospores and zoospores of Perkinsus spp. all have been shown
experimentally to cause infection in molluscs (Goggin et al. 1989, Volety and Chu 1994, Rodríguez et al. 1994,
Chu 1996, Bushek et al. 1997b, Chintala et al. 2002, Ford et al. 2002, Bushek et al. 2002a). But, which stage
is the most effective or the principal stage for transmitting the disease in the natural environment? Viable
P. marinus cells are released from live infected oysters through diapedesis and in faeces (Bushek et al.
1997b, Scanlon et al. 1997, Bushek et al. 2002a). Therefore, infected live hosts are a continuous source of
infective stages (trophozoites); likely the heavier the infection the higher number of trophozoites is released.
Moreover, host death does not prevent transmission since hypnospore formation would allow further
transmission either through the hypnospore itself or by it giving rise to infective zoospores. Ragone Calvo et
al. (2003b) reported that maximum transmission rates of P. marinus are observed during maximum
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Crassotrea virginica mortality caused by this parasite (which overlaps with maximum infection intensity),
although transmission can occur when host mortality is low or absent. Audemard et al. (2006) found a
positive correlation between oyster mortality and abundance of free P. marinus cells in the water column
and an even higher correlation between parasite water column abundance and the mean infection intensity
in the oyster population. The results from both studies (Ragone Calvo et al. 2003b, Audemard et al. 2006)
indicate that although mortality of infected oysters might be a major source of parasite release, other
sources may also be involved in the absence of host mortality and, therefore, mortality-independent
dissemination mechanisms cannot be discarded.

Modelling
Various epizootiological simulation models have been developed taking into account the known factors
influencing P. marinus epizootic dynamics (Hofmann et al. 1995, Powell et al. 1996, Soniat and Kortright 1998,
Ragone Calvo et al. 2000). They may be useful predictive tools and hence can be used to design strategies
to manage affected oyster beds. A web (www.dermowatch.org) was created, with an embedded model, to
track and predict disease progression within and between bays through the Gulf of Mexico. That web
provides online services to oyster growers, resource managers, and shellfish scientists. For instance, the
web can assist to adjust season and minimum size to permit the harvest of oysters before they are killed
by disease (Soniat et al. 2006).

Management strategies
Different strategies have been developed and assayed to mitigate the dramatic consequences of P. marinus
epizootics on the eastern oyster industry, with varying degrees of effectiveness. Earlier strategies involved
modifications of management/culture procedures for oyster beds and reefs. Those procedures were
adapted according to the epizootiological knowledge of the disease (reviewed by Andrews and Ray 1988
and Krantz and Jordan 1996). Three main factors governed the procedure changes. 1) Low salinity areas are
characterised by null or low infection levels, but very slow oyster growth, whereas infection incidence is
generally much higher and oyster growth faster in high salinity areas. 2) Temperature has a large impact on
infection transmission, infection intensification and mortality as disease occurs primarily in warm months
(length of warm period changes latitudinally). 3) Infected oysters are the source of infective particles. These
three issues were the basis for some of the recommendations made to oystermen. On the basis of the first
point, management procedures involved taking oyster seed from low salinity areas (areas with uninfected
seed) and transplanting them into high salinity areas for ongrowing to market size. The second point
suggested that seed should be transplanted immediately after the infective period ends and later harvested
immediately before mass mortality occurs, thus allowing the oysters to grow through a period without
infection followed by a period of infection progression without high mortality. In lower latitude areas, warm
weather lasts longer and therefore, the time period to avoid losses by P. marinus in high salinity areas is
shorter. This procedure also involved lowering the market size for oysters. On the basis of the third point,
harvesting should be made thoroughly so that infected oysters do not stay on oyster grounds and serve as
a source for the infective stages when seed are transplanted to the areas. In addition, the sites for oyster
outgrowth should be separated to make disease transmission between sites difficult. However, over time, it
became increasingly difficult to follow these general recommendations. Several successive years of winter
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and spring drought resulted in abnormally high salinity in areas usually characterised by low salinity, thus
allowing the invasion of P. marinus with the scarcity of uninfected seed. Lowering legal market size and the
complete removal of large oysters from some areas (especially public oyster grounds) was in conflict with
legislation intended to ensure the persistence of broodstock and subsequent oyster recruitment. A further
complication was epizootic outbreaks of the oyster protozoan parasite Haplosporidium nelsoni in areas that
were also affected by P. marinus. These difficulties required searching for new areas for oyster grow-out and
also the use of low salinity areas, in spite of the long time required for oysters to reach market size in those
areas. Intense monitoring of infection intensity and mortality at critical times helped to improve
recommendations for the appropriate transplantation and harvest times. In addition, accumulation of long
series of data involving infection intensity, mortality and environmental conditions from various areas
allowed modelling infection dynamics in oyster populations (Hofmann et al. 1995, Powell et al. 1996, 1997,
Soniat and Kortright 1998, Ragone Calvo et al. 2000). These simulation models can help to predict disease
evolution and therefore, will also result in improved management recommendations. A case of application
of models to assist management is the web dermowatch (www.dermowatch.org) (Soniat et al. 2006).

The uncertainty of availability of Perkinsus and H. nelsoni free oyster seed from natural recruitment that
could be used in oyster restoration programmes led to increased demand for hatchery-produced specific
pathogen-free (SPF) seed oysters. However, trials performed with hatchery produced P. marinus and H.
nelsoni free showed that their use may not reduce infection and subsequent mortality by either P. marinus
or H. nelsoni when deployed during multiyear drought conditions. The success of this strategy largely
depends on the salinity regime, because salinity (and temperature) influences infection acquisition rate
(Albright et al. 2007, McCollough et al. 2007).

Traditional selective breeding procedures have been employed in attempts to obtain tolerant strains of
oysters. Groups of oysters exhibiting low mortality in areas of heavy P. marinus pressure were used as
broodstock to obtain descendents over multiple generations (Andrews and Ray 1988, Krantz and Jordan
1996). The success of a selective breeding programme for developing eastern oyster strains that exhibited
tolerance to H. nelsoni (Ford and Haskin 1988) encouraged those attempts. Unfortunately, H. nelsoni-tolerant
oysters strains were highly susceptible to P. marinus (Burreson 1991). Historically, the P. marinus endemic
and H. nelsoni endemic areas did not significantly overlap, so that oysters were not simultaneously exposed
to both diseases until relatively recently. In areas where both diseases now coexist, selective breeding
programmes must take both into account in order to achieve success. Some promising advances have been
reported with development of the strain “DEBY”, which showed enhanced tolerance to both diseases after
several generations of selective breeding at the Virginia Institute of Marine Science, USA (Ragone Calvo et
al. 2003a). These programmes require genetic variability among eastern oysters with respect to P. marinus
tolerance for success. Bushek and Allen (1996a, b) assessed difference among oyster stocks and showed
that long-term exposure of oyster populations to P. marinus in the natural environment leads to increased
tolerance through natural selection. Differences among oyster stocks and development of natural
perkinsosis tolerance were confirmed afterwards (Encomio et al. 2005). Genetic variability among oyster
families obtained through interbreeding oyster populations was also demonstrated in protease inhibitory
activity against proteases of P. marinus, which was negatively correlated with infection intensity and
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mortality (Oliver et al. 2000). Tolerant strains produced through selective breeding are being used in oyster
restoration programmes and specific genetic markers allow to evaluate the contribution of the
supplemented oysters to natural recruitment (Hare et al. 2006).

Bower et al. (1999) found that the first generation progeny of Japanese scallops Patinopecten yessoensis
that survived an epizootic outbreak of P. qugwadi had a significant increase in resistance to infection and
resultant mortality. A similar resistance was observed in hybrid scallops obtained from a cross between
Patinopecten carinus and P. yessoensis outbreak-survivors. Therefore, production of resistant scallops
seems to be a feasible way to overcome perkinsosis in British Columbia.

An alternative to time consuming traditional selective breeding to develop a resistant strain could be direct
genetic manipulation. One of the procedures that has been tested was the use of triploid oysters. The
technology of triploid oyster production was developed looking for faster growth and better taste (higher
glycogen content due to gametogenesis arrest). Hypothetically, faster growth could allow oysters to reach
market size before mass mortality occurs and reduced or absent gametogenesis could allow oysters to
reserve energy, thus allowing them to face infection in a more favourable condition. However, triploid C.
virginica do not demonstrate improved tolerance to P. marinus, although they do grow more quickly and
more individuals may reach market size before disease causes mortality (Barber and Mann 1991, Meyers et
al. 1991).

Genetic engineering is a more refined approach to increase oyster resistance. Some preliminary steps are
in progress: technology for gene transfer and expression in adult oysters is being developed successfully
(Cadoret et al. 1997a, 1997b, 2000, Buchanan et al. 2001a, 2001b). Antimicrobial peptides produced by
organisms other than oysters with anti-P. marinus activity are being identified (tachyplesin I, Morvan et al.
1997; polyphemusin, Pierce et al. 1997; bacitracin, Faisal et al. 1999) and their encoding genes could be
potential candidates for transfer into oysters. In addition, research is in progress to identify, clone and
sequence genes involved in the response of C. virginica and C. gigas to P. marinus infection (Gómez-Chiarri
and Muñoz 2002, Tanguy et al. 2004). Yu and Guo (2006) identified twelve putative P. marinus/summer
mortality-resistance quantitative trait loci (QTL) providing candidate genome regions for further analysis.
Sokolova et al. (2006) found significant associations for two arbitrary fragment length polymorphism (AFLP)
markers with the incidence of infection of P. marinus

A more drastic option being undertaken in the Chesapeake Bay region of the USA is the testing of disease
susceptibility in allochthonous species of genus Crassostrea other than C. virginica as potential
candidates to restore oyster populations. Field tests have required the use of triploid (sterile) allochthonous
oysters to avoid undesired habitat colonisation and that could bias the results. Diploid allochthonous oysters
were only tested in quarantine facilities. C. gigas showed lower disease susceptibility than C. virginica, but
survival and growth were equal or superior in native oysters than in C. gigas in Chesapeake Bay (Calvo et
al. 1999). In contrast, Crassostrea ariakensis, native in China, showed lower disease susceptibility, higher
survival and faster growth than native oysters at different salinity regimes (Calvo et al. 2001). Nevertheless,
there may be some risk mortality from P. marinus if C. ariakensis is held under stressful conditions (Moss et
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al. 2006). The decision of introducing the allochthonous oyster C. ariakensis in American waters is under
debate and many aspects have to be taken into consideration. Preliminary tests showed that the Caribbean
oyster Crassostrea rhizophorae is susceptible to P. marinus but may be somewhat more tolerant to heavy
infections than C. virginica (Bushek et al. 2002b).

In vitro and in vivo assays have been performed to test the effectiveness of chemotherapeutants to
reduce P. marinus infection (Calvo and Burreson 1994, Krantz 1994, Dungan and Hamilton 1995,
Elandalloussi et al.2003, 2005a, 2005b). Some of them (cycloheximide and deferoxamine were found to be
effective in reducing infections in live oysters without killing the host, although infections were not
completely eliminated. Other chemotherapeutants inhibit or kill parasite cells in vitro. The use of
chemotherapeutants in open environments would raise ecological and cost-effective objections. However,
their use in close systems, either to eliminate infection in oysters or to kill free infective cells, could be
feasible. Treatments with chlorine (Goggin et al. 1990, Bushek et al. 1997a, Casas et al. 2002), N-halamine
disinfectant compounds (Delaney et al. 2003), freshwater (Burreson et al. 1994, Auzoux-Bordenave et al.
1995, Casas et al. 2002, La Peyre et al. 2003) and particle filtration followed by UV irradiation (Ford et al. 2001)
can be efficiently used to kill free infective Perkinsus cells.

54
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“EPIZOOTIOLOGY”

THE ROLE OF ENDEMIC PERKINSIOSIS IN THE MORTALITY 
OF AQUACULTURE CULTIVATED CARPET SHELL CLAM 
(RUDITAPES DECUSSATUS) IN PORTUGAL.

Francisco Ruano
IPIMAR – Department of Aquaculture – Av de Brasília – 1449-006 Lisboa –Portugal

Since the eighties of last century, abnormal mortalities have been reported in sea bottom clam culture
beds, «viveiros», located along the intertidal areas of Faro and Alvor coastal lagoons, in south coast
of Portugal.
Environmental components; physiological stress, poor management methods have been identified as
synergic factors associated with high mortality rates in clams, reported from late spring until early fall
in those sites.
The endemic presence of the parasite Perkinsus atlanticus/olsenei in the clams populations,
associated with the development of its more active and virulent life cycle phase, schizogony, during
that seasonal critical period are determinant in the mortality process .
The long temporal data series on mortality rates, incidence and prevalence of the disease as well as
the serious lesional frame observed in ill animals clearly shows a determinant role carried out by the
pathogen in the whole pathogenic process.
Other natural clam sea beds along the west coast, (Tejo and Sado estuaries, Albufeira and Obidos
lagoons and Aveiro Ria) have been also regularly surveyed for identification and control of
perkinsiosis. None of those sites showed that nosological picture, nor massive mortalities have been
reported, also the presence of the parasite was sparse or absent.
Present data intends to illustrated a typical opportunistic behaviour of this parasite that seems to
indicate a strong relationship between the poor environment/ management conditions and
increasing of morbidity.
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TEMPORAL DISTRIBUTION OF PERKINSUS 
OLSENI IN TWO IMPORTANT PRODUCTION 
AREAS OF RUDITAPES DECUSSATUS IN GALICIA (NW SPAIN)

Raquel Aranguren, Camino Gestal, Javier Gómez León, Antonio Figueras
Instituto de Investigaciones Marinas, CSIC. Spanish National Reference Laboratory for Mollusc Diseases,
Eduardo Cabello 6, 36208 Vigo, Spain.

The prevalence variation of Perkinsus olseni in carpet-shell clams (Ruditapes decussatus) was
determined over a year (July 2000-July 2001) in two important production areas of Galicia (NW Spain)
(Ría of Pontevedra and Ría of Arosa). Mortality rates, temperature and salinity profiles were also
measured. In the Ría of Pontevedra production area, the prevalence of Perkinsus sp., showed two
annual peaks (Winter and Summer time) while in the Ría of Arosa only one prevalence peak was
detected in early spring. Significant differences in the prevalence of this pathogen between areas were
established. Although temperature and salinity have a marked influence in the disease dynamics of
Perkinsus sp., resulting in a seasonal pattern of variation in both prevalence and intensity of infection,
no significant correlation could be established among these two environmental parameters and the
prevalence of Perkinsus sp., in none of the two production areas. Monthly mortality rates varied
between 2 and 12 % and no statistically significant relation could be established between the presence
of Perkinsus olseni, the environmental parameters and the mortality rates.
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“EPIZOOTIOLOGY”

NEW DATA ON PERKINSOSIS AFFECTING 
THREE CLAM SPECIES CULTURED IN THE VIGO ESTUARY

C. Crespo, H. Rodríguez, M. Soto, R. Iglesias, J.M. García-Estévez
Laboratorio de Parasitología Marina. Estación de Ciencias Marinas de Toralla (ECIMAT).
Universidad de Vigo. Isla de Toralla. 36331 Coruxo. Vigo. Spain.

Infections with protozoan parasites of the genus Perkinsus are associated with high mortality rates in
marine molluscs cultured in many different locations around the world. We present data on Perkinsus
infections affecting three clam species from the Vigo estuary. Each clam of 480 Ruditapes decussatus,
240 Tapes pullastra and 480 Ruditapes philippinarum was examined for infection by using Ray fluid
thioglycollate medium (RFTM) and histology. Condition index (CI) of clams was also determined to
evaluate the relationship between health status of the host and parasite burden.

Our results show that T. pullastra and R. decussatus are more infected than R. philippinarum
(prevalences were 44%, 65% and 28%, respectively). However, the disease was not homogenous in
distribution, the higher levels of infection being detected in clams from the more polluted areas. Only
25% of infections detected by RFTM were positive in histologic examination. In addition, the sensitivity
of histology was highly dependant on parasitic burden. These results confirm that this diagnostic
method is not useful for initial screening of perkinsosis. Finally, the condition index studies
demonstrate that no relationship exists between infection levels and this parameter.

Work was supported by grant PGIDIT06RMA31201PR (Xunta de Galicia).
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STUDY-STATE ON THE PERKINSOSIS IN MANILA CLAM 
(RUDITAPES PHILIPPINARUM) 
FARMED IN THE MARANO LAGOON 
(NORTH ADRIATIC SEA)

G. Ceschia1, L. Sgro1, R. Ramirez Tafur1, M. Sello1,
G. Arcangeli1,2, K. Capello3 , A. Zentilin4

1Istituto Zooprofilattico Sperimentale delle Venezie, Laboratorio Patologia Molluschi,
Via della Roggia 102, 33030 Basaldella di Campoformido (UD), Italy.

2Istituto Zooprofilattico Sperimentale delle Venezie, Sezione di Adria, Via L. da Vinci 39, 45011 Adria (RO), Italy.
3Centro Regionale di Epidemiologia Veterinaria, Istituto Zooprofilattico delle Venezie,
Viale dell'Universita 10, 35020 Legnaro (PD), Italy.

4ALMAR Scarl, Via G. Raddi 2, 33050 Marano Lagunare (UD), Italy.

Manila clam was introduced in the Venice lagoon in the 1983; after this first introduction, R.
philippinarum showed a fast growth and turned Italy into the first European clam farmer. Particularly,
the greater development of Manila clam farming took place in the North Adriatic lagoon. The aim of this
research, carried out between 2003 and 2006, was to study the Perkinsosis disease in two areas in the
Marano lagoon (North Adriatic Sea) under farming conditions. Perkinsus resulted to be always present
along the whole year, with a peak in September-October. The two areas considered showed different
values of Perkinsus: the area with the lower water flow and the higher percentage of mud sediment
showed the higher presence of the parasite. By this study was possible to underline the progression of
the infestation with the seasons and the years (spore medium number/g/year: in the 2004 was 49,734-
244,540, in the 2005 was 94,587-662,288 and in the 2006, until June, was 418,945-998,592). During the
study, mass mortality events did not occur. The mortality observed in the farming period (two years)
was about 22%. Just some days after the introduction of the seeds, the mortality reached the 12%,
probably due to stress caused by clam manipulation (transport, seeding) and predation.
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“EPIZOOTIOLOGY”

PERKINSUS SP. INFECTION IN EDIBLE BIVALVES 
FROM ST. GILLA AND MARCEDDÌ LAGOONS 
(SARDINIA, SW MEDITERRANEAN).

J. Culurgioni, V. D'Amico, R. De Murtas, G. Canestri-Trotti, V. Figus
Dipartimento di Biologia Animale ed Ecologia, Università di Cagliari, Viale Poetto, 1, 09126 Cagliari, Italy.

Perkinsus spp. infections are often associated to mass mortalities of commercially important bivalves
worldwide. Also in Italian waters Perkinsosis was detected in several bivalve species, but no previous
data concerning the parasitic infections of bivalves from Sardinian waters before 2000 were reported.
In this study we present data on Perkinsosis since January 2001 in edible bivalves from St. Gilla and
Marceddì lagoons.

The Perkinsus sp. infections were detected by incubation of host tissues in Ray’s Fluid Thioglycollate
Medium (Ray, 1952). Parasitological indices have been calculated according to Bush et al. (1997). From
St. Gilla lagoon the species Tapes decussatus, Cerastoderma glaucum, Paphia aurea, Venus verrucosa,
Ruditapes philippinarum, Callista chione were found positive to Perkinsosis while Tellina planata, Solen
ensis, Mytilus galloprovincialis samples proved negative. From Marceddì lagoon the two species
examined, T. decussatus and C. glaucum resulted infected. In both lagoons, the values of Perkinsus sp.
prevalence (P%) and density were higher in carpet shells  than in lagoon cockles. More constant
sampling of T. decussatus from St. Gilla lagoon allowed us to observe higher prevalence of Perkinsosis
recurring in the winter months. In the other seasons this value appears discontinuous and apparently
not related to water temperature and salinity variations, indicating that other factors might affect the
prevalence. On the contrary, in Marceddì lagoon two peaks of prevalence were observed in spring and
autumn. In both lagoons, the prevalence of infection in C. glaucum seems to have no seasonal pattern.
Therefore, no mass mortalitiy of both host species was observed along this studies.
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RESULTS OF THE PERKINSOSIS 
SURVEY IN FRANCE (2004 – 2005)

L. Miossec1, C. Garcia1, I. Arzul1, C. François1, J.-P. Joly1, B. Chollet1,
S. Robert1, M. Ferrand1, I. de Blas2.
1Ifremer, Laboratoire Génétique et Pathologie, BP 133, 17390 La Tremblade, France
2University of Zaragoza, Zaragoza, Spain.

A targeted survey was performed in 2004 and 2005 in order to provide information of the health status
of cultured and wild populations of clams. This study was included in the programme of the French
network for the surveillance and monitoring of mollusc health (REPAMO).
The objective was to detect Perkinsus sp. in 2 species of clams, Ruditapes philippinarum and Ruditapes
decussatus cultivated and harvested along the French coasts, at a 95% confidence level with a
minimum prevalence of 2%. Main clam areas were selected using recent published data on production:
5 areas were investigated in 2004, one in the English Channel, 2 in the Atlantic Ocean and 2 in the
Mediterranean Sea. Four additionnal areas were sampled in 2005, two in the English Channel and two
along the Atlantic coast. 30 individuals were sampled in 3 to 6 sampling points in each area in 2004.
The sampling was reduced the second year according to the first results. The sampling frequency was
once a year, in September-October according to the life cycle of the pathogen. The detection of
Perkinsus sp. was made by histology and on clam gills using the ray’s Fluid Thioglycolate Method (Ray,
1966).
The result of the two-year survey on Perkinsus sp. infection in clams emphasized the presence of
Perkinsus sp. in all the studied areas; the prevalence ranged between 1.7 and 100%. High prevalences
were specially observed in Arcachon bay and along the Mediterranean Sea. Lower prevalences were
registered in other areas along the Atlantic coast and English Channel. Detection frequencies were
slightly reduced in 2005 compared to 2004. Moreover the two methods of detection were compared.
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“EPIZOOTIOLOGY”

SPATIO-TEMPORAL VARIATION OF PERKINSUS SP. INFECTION 
ON CLAMS RUDITAPES SPP. IN ARCACHON BAY 
(SW FRANCE) AND MUNDAKA ESTUARY (NW SPAIN)

C. Dang1, M. Basterretxea1, X. de Montaudouin1, N. Caill-Milly2, J. Bald3

1Université Bordeaux 1- CNRS – UMR 5805 EPOC, Station Marine d’Arcachon,
2 rue du Pr Jolyet, 33120 Arcachon, France.
2Ifremer Bidart, Technopole Izarbel, Maison du Parc, 64210 Bidart, France.
3AZTI – Tecnalia, Unidad de Investigation Marina, 20110 Pasaia, Spain.

The Manila clam Ruditapes philippinarum was introduced in 1972 in Arcachon bay (South-West France)
for cultivation purpose and rapidly spread throughout the whole bay. Arcachon bay ranks currently at
the first French place in term of stock (7300 t) and annual production (450 t). Mundaka estuary (North
Spain) possesses an unexploited population of European clam Ruditapes decussatus. A spatio-
temporal analysis of different parasites taxa has been conducted from November 2005 to July 2007 in
four sites in Arcachon bay and in one site in Mundaka estuary. Perkinsus sp. appeared as the most
prevalent parasite in both clam species (compared to digenean trematodes and the bacteria Vibrio
tapetis). Indeed, its prevalence was superior to 70% in both ecosystems. Intensity infection did not
significantly fluctuate in Arcachon bay, whereas a temporal variation was observed in Mundaka.
Perkinsus intensity was higher in Mundaka estuary (ca. 106 cells per gram of gills tissue, fresh weight)
than in Arcachon bay (105 cells / g tissue) and reached a maximum in late summer.

Thirty-five stations in Arcachon bay were also sampled in May-June 2006 in order to assess spatial
variability at the ecosystem scale and variables influencing Perkinsus burden within the bay. Perkinsus
distribution was positively correlated to the salinity gradient and variability, and was not correlated to
the tidal level.

Finally, a reciprocal transplant of four hundred clams was realized between a healthy and a highly
parasitized site in Arcachon bay, in order to follow infestation and purification dynamics. After nine
months (November 2006 – August 2007), the intensity of Perkinsus did not vary in both sites.
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PERKINSUS OLSENI INFECTION AMONG RUDITAPES 
PHILIPPINARUM POPULATIONS IN MAJOR CLAM CULTURE 
GROUNDS ALONG THE WEST COAST OF KOREA

Kwang-Sik Choi1, Hyun-Sung Yang1, Bong-Kyu Kim1, Jasim M Uddin1,
Yanin Limpanont1, Kwang-Je Park2, Young-Jae Park2, Kyung-Il Park3

1School of Applied Marine Science, College of Ocean Sciences, Cheju National University,
66 Jejudaehakno, Jeju 690-756 Republic of Korea

2West Sea Fisheries Research Institute, NFRDI, Inchon Republic of Korea
3Korea Polar Research Institute, Inchon Republic of Korea

Perkinsus olseni infection among Manila clams, Ruditapes philippinarum reared in major clam beds along
the west coast of Korea was monitored in this study. To assess the infection intensity, whole clam body
(1.1-2.5 g wet tissue weight, wtw and 3-5 cm shell length) was incubated in FTM for 3-5 days and dissolved
in 2 M NaOH. Number of Perkinsus cells in the solution was determined using a haemocyte counter. The
infection intensity was then expressed as the number of Perkinsus cells per gram wet tissue weight. Brown
ring disease (BRD) and condition factor (CF) as a ratio of tissue wet weight to the dry shell weight were also
determined. In each sampling period, 8 different clam beds were visited and 30 clams collected from each
sites for the assay. From January to March 2007, the infection intensity ranged from 0 to 6.1 million cells/g
wtw with a monthly mean of 3,000 cells/ g wtw to 2.1 million cells/g wtw. The prevalence of each sampling
sites varied 30 to 100, although the prevalence was 100 in most cases. In March, highest infection intensity
was recorded from Hwang-do, where mass mortality of the clams has occurred for the past few years,
2.120 million Perkinsus cells/g wtw. Lowest infection intensity was observed at Padori, 20 km to the west
of Hwangdo, 2,900 Perkinsus cells/g wtw in February. The infection intensity and prevalence was relatively
higher among old clam beds where clams have been cultured with high stocking density for a few
decades. BRD was detected among clams from North Korea and the prevalence ranged 3-6%. Monthly
mean CF was highest at Hwangdo, where Perkinsus infection intensity was much higher relative to other
study sites. Contrary, CF of clams from Padori, where the prevalence and infection intensity was the lowest,
was the lowest. Higher CF and higher Perkinsus infection intensity observed at Hwangdo could be
explained in part by the level of available food for clams; primary production and level of chlorophyll a in
the sediment at Hwangdo was reportedly higher than any other clam beds on the west coast, while the
level in Padori was known to be lower.
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“EPIZOOTIOLOGY”

OCCURRENCE OF PERKINSUS 
OLSENI IN THE VENUS CLAM 
PROTOTHACA JEDOENSIS IN KOREAN WATERS

Kyung-Il Park1, Kwang-Sik Choi2
1Korea Polar Research Institute, KORDI, Songdo Techno Park, 7-50 Songdo-dong,
Yeonsu-gu, Incheon 406-840, Republic of Korea.
2School of Applied Marine Science, College of Ocean Science, Cheju National University,
1 Ara 1-Dong Jeju City, Jeju 690-756, Republic of Korea.

This is the first report of the occurrence of Perkinsus olseni in the Venus clam Protothaca jedoensis off
the western and southern coasts of South Korea. Histological observations revealed Perkinsus-like
organisms in the mantle, gills, digestive tubules, and gonad. Haemocytic infiltration and tissue necrosis
were also observed in heavily infected clams. Hypnospore formation of the Perkinsus-like organism
was confirmed with Ray’s fluid thioglycollate medium assay (RFTM). When incubated in filtered and
aerated seawater, the hypnospore gave rise to cell division and subsequently discharged hundreds of
motile zoospores. Genus- and species-specific polymerase chain reaction (PCR) assays and the DNA
sequences of the internal transcribed spacer region (ITS) of the Perkinsus sp. isolated from the Venus
clam were identical to those of P. olseni reported from the Manila clam Ruditapes philippinarum. Based
on the DNA sequences and microscopic data, the Perkinsus-like pathogen isolated from P. jedoensis
was identified as P. olseni, which parasitizes the Manila clam in European and Asian waters and Haliotis
rubra (abalone) in Australian waters. The prevalence and infection intensity of a clam population
collected from Yosu, Korea, was determined using RFTM and Choi’s 2 M NaOH digestion technique. The
intensities averaged 10,768 and 7,438 Perkinsus cells per g tissue in 2003 and 2004, and the prevalence
ranged from 37 to 53.9%, respectively.
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SPATIAL AND TEMPORAL DISTRIBUTION OF PERKINSUS
SP. IN CLAMS RUDITAPES DECUSSATUS
FROM MEDENINE COASTAL AREA (SOUTHERN TUNISIA)

H. Attia El Hili, C. Ben Salah, W. Ayari, N. Ben Amor 
Unity of Aquatic Animal’s Pathology, National Institute of Sea Sciences and Technologies,
28 rue 2 mars 1934, 2025-Salammbô, Tunisia.

This study characterises Perkinsus sp. disease prevalence along Medenine coastal area in southern
Tunisia. Clams (Ruditapes decussatus) were sampled from two sites (Maghraouia and El Ghrine) at two
different periods of the year (winter and summer). Twelve samples involving 630 clams were analysed
by histological method. After two and half years of survey, the results showed prevalence variability
between both sites and seasons. In contrast to other works, this study failed to demonstrate a higher
prevalence of perkinsosis in the studied area during the warmer season. Probably, other factors than
those responsible for seasonal climatic variations might affect the prevalence. In the other hand, the
results showed no relationship between the shell length variability and the prevalence distribution.
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“EPIZOOTIOLOGY”

PREVALENCE OF PERKINSUS MARINUS IN THE EASTERN OYSTER 
CRASSOSTREA VIRGINICA FROM THE SW GULF OF MEXICO:
ENVIRONMENTAL, PHYSIOLOGICAL AND IMMUNOLOGICAL 
FACTORS ASSOCIATED 

M. Gullian-Klanian, L. Aguirre-Macedo, R. Rodríguez-Canul
Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional 
(CINVESTAV- Unidad Mérida), Carretera Antigua a Progreso Km 6, C.P. 97310 Mérida, Yucatán, Mexico.

Oysters living in tropical Lagoons are often subjected to harsh living conditions associated with frequent
changes in their aquatic environment affecting host-parasite interactions. The protozoan Perkinsus
marinus is considered the most important pathogen of the eastern oyster Crassostrea virginica causing
high mortality in natural beds. Forty-five samples involving 945 oysters were tested in the dry, rainy and
north-wind seasons to describe the current state of the P. marinus prevalence in the Terminos Lagoon
related to environmental factors. In addition, the association of the infection with physiological and
immunological parameters was studied. Fluid Thioglycollate Medium technique and Polymerase chain
reaction were applied to determine the infection intensity and prevalence.

The prevalence was different (Two–way ANOVA; F(6,2)= 109, p < 0.0001) among seasons with values of
70 %, 23 % and 7 % in the dry, rainy and north-wind seasons respectively. Inter season’s salinity,
phosphorus and silica variation showed a high correlation with prevalence. The oysters’ health
comparison to assess seasonal effects showed the rainy season as stressful period. The redundancy
analysis (RDA) showed that 34 % of the variation in the seasonal infection was explained by protein
concentration (21 %), lysozyme (12 %), and agglutination (1 %). The data suggest the contention that
freshwater input associated with high nutrient concentrations have a strong effect on P. marinus
replication and also influence the oysters’ physiology. It is probable that this dynamic was influencing
or controlling the occurrence of an epizootic event in the Terminos Lagoon.
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ROUNDTABLE OF THE SESSION 
“EPIZOOTIOLOGY”

Antonio Villalba
Centro de Investigacións Mariñas, Consellería de Pesca e Asuntos Marítimos,
Xunta de Galicia, Aptdo. 13, 36620 Vilanova de Arousa, Spain

Two issues were addressed in the roundtable:

- Are Perkinsus spp. other than P. marinus, particularly P. olseni, responsible for mollusc mortality?
- What diagnostic technique/s should be used for monitoring purposes?

Are Perkinsus spp. other than P. marinus, particularly P. olseni, responsible for mollusc mortality?
Induction of experimental infections in laboratory was suggested as a way to evaluate if Perkinsus spp.
cause host mortality. P. olseni infections have been experimentally induced in “healthy” clams but infection
progression takes too long time to reach clinical levels, even one year. Laboratory conditions are usually
stressing for molluscs, thus they could die for other reasons before P. olseni infections reached lethal levels.
Nevertheless, when batches of infected clams were collected from the field and set in the laboratory, the
heavier the mean infection intensity the higher the batch mortality. When P. olseni experimental infections
were induced in abalones (Haliotis rubra and Haliotis laevigata) no evidence of mortality was detected under
laboratory conditions.

In order to evaluate the extent of perkinsosis in field surveys, estimation of infection intensity is very
important in addition to prevalence. The mean infection intensity and the distribution of the individuals in a
sample according to infection intensity provide very good information on the magnitude of perkinsosis. That
is important when trying to evaluate the relationship between infection and mortality.
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It seems that P. olseni only cause detrimental effects (even death) in clams when infections are heavy. The
possibility of a threshold of infection intensity below which no effect is detected and above which
detrimental effects are triggered was suggested. That threshold (number of Perkinsus cells/ gram of host
soft tissues) could vary among clam species and clam strains and it could be a criterion for selective
breeding programmes looking for more tolerant strains, i.e. the higher infection intensity without impact on
the host, the more tolerant host strain. In addition, environmental and stressing conditions very likely
modulate the effects of the heavy infections.

What diagnostic technique/s should be used for monitoring purposes?
A debate arose about the suitability of RFTM technique taking into account that it may give false positives.
The statement that suspicion of false positive could be reasonable only when the result of RFTM analysis is
just a very light infection but not in other cases reached a broad consensus. That does not invalidate RFTM
because, on the one hand, very light infections have little or no relevance from an epizootiological point of
view and, on the other hand, RFTM provides more sensitivity than other diagnostic techniques like histology
and, sometimes, molecular techniques. RFTM should not be the only diagnostic technique to state that a
population/area/batch of molluscs is affected by perkinsosis if just very light infections are detected by that
technique; it should be complemented with a molecular technique (PCR or ISH) in such cases. In cases of
doubt, combining techniques is advisable.

RFTM assay does not allow distinguishing among Perkinsus spp. That is a limitation when the Perkinsus
species occurring in an area has not been identified or when more than one species occur, because there
are differences in virulence between Perkinsus spp. (and between strains of a species). Specific
identification requires the use of molecular tools.

As for any other diagnostic technique, the correct use of RFTM needs training. Every diagnostic technique
has an associated error. The error has to be measured and incorporated in the analyses.

A question was posed about the suitability of using histology in surveys to assess the Perkinsus-free status
of an area. The answer was that histology provides less sensitivity than RFTM assay or molecular
techniques, thus the confidence in histology for the mentioned purpose has to be limited. Whatever is the
diagnostic technique, the confidence to state the Perkinsus-free condition of an area depends on sample
size.

Diagnosis usually involves subsampling, that is diagnosis is usually based in the analysis of a piece (not the
entire body) of the individuals from a sample. Therefore, dealing with infected individuals there is always the
possibility of analysing a tissue piece where the parasite does not occur. The lighter the infection the higher
the probability of parasite absence in the analysed tissue piece, but the larger the analysed tissue piece the
lower the probability of absence of parasite in that piece. Histology and PCR techniques are based in the
analysis of lower tissue volumes than RFTM assay. This is maximised when RFTM is performed by incubating
the entire mollusc body. Similarly, PCR assay sensitivity can be increased by homogenising the entire body
instead of a tissue piece.
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BIVALVES - PERKINSUS SPP. INTERACTIONS

Philippe Soudant1, Ricardo Leite2, Fu-Lin E. Chu3, Antonio Villalba4, Leonor Cancela2

1Laboratoire des Sciences de l'Environnement Marin, UMR 6539, Institut Universitaire Européen de la Mer,
Université de Bretagne Occidentale, Place N. Copernic,Technopôle Brest-Iroise, 29280 Plouzané, France.
2CCMAR-Centro de Ciências do Mar, Universidade do Algarve, Campus de Gambelas, Universidade do
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Introduction
This chapter aims to give a brief review of the available information concerning the host and parasite
interaction between Bivalve spp. and Perkinsus spp., with emphasis on 1) host humoral and cellular
responses to Perkinsus infection; 2) Perkinsus spp. virulence factors and metabolisms; 3) impact of
Perkinsus infection on host physiology; and 4) effects of environmental factors on host-parasite interactions.
This chapter will conclude with suggestions on future research directions.

Nine species of Perkinsus have been identified and described, but only six of them are considered “valid”
based on gene sequencing. Most described Perkinsus species have been found to infect only bivalve species
with the exception of P. olseni, which also infects abalones in Australia (Villalba et al. 2004). Perkinsus olseni
(formerly named P. atlanticus in Europe) is a serious threat for several clam species. In Europe, it mainly
parasitizes the clams Ruditapes decussatus and R. philippinarum. But it also infects, although to a lesser
extent in terms of prevalence and infection intensity, other clam species including Paphia rhomboides, P.
aurea, and Venerupis pullastra. Perkinsus olseni is also affecting R. philippinarum in Asia, (Korea, China, Japan)
and presumably R. decussatus in North Africa (Tunisia). On the other hand, the disease “Dermo”, caused by
P. marinus, is presently most destructive for the populations of American oyster (or Eastern oysters),
Crassostrea virginica, along the East and Gulf Coasts of US, particularly in the mid-Atlantic regions.

It is generally agreed that Perkinsus species have three life stages, two within the host, the trophozoite (also
called meront) and hypnospore stages, and one outside the host, the zoospore stage. Trophozoites reside
and proliferate (vegetative multiplication) in the host connective tissue and are most abundant in an infected
animal. Hypnospores are rarely observed within host tissues but they can easily be obtained by in vitro
culturing infected tissues in fluid thyoglycollate medium (FTM) which is thought to mimic moribund host
conditions. When infected tissues are transferred to FTM, trophozoites stop multiplying and enlarge into
hypnospores (50-100 µm). These hypnospores, after transfer into seawater, undergo successive karyokinesis
and cytokinesis to form zoosporangia. Within zoosporangia, hundreds of biflagellated zoospores are formed.
Oysters can be experimentally infected by P. marinus trophozoites or hypnospores. Zoospores are also
believed to be one of the infective stages (Chu 1996). No experimental infection by trophozoites or
hypnospores has been conducted on clams. However, clams could be experimentally infected by P. olseni
zoospores (Navas et al. 2008a, b). Trophozoite stage is considered to be the primary agent for disease
transmission. Therefore, most, if not all, host-parasite interaction studies are focus on this life stage.

In this chapter, we will give a brief overview and discussion on information concerning the two host-parasite
interaction models: (1) the two clams (R. philippinarum and R. decussatus) and P. olseni; and (2) the eastern

“HOST-PATHOGEN INTERACTION”
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oyster, C. virginica, and P. marinus. There is a fairly wide consensus that Perkinsus spp. pathogenicity and
virulence increase when its host becomes immunologically compromised. As the focus of this chapter is on
bivalves-Perkinsus interactions, description of bivalve defense mechanisms will first be presented in a
general manner (for detailed review, see Cheng 1996, Chu 2000), and then the more specific immune
mechanisms known to affect Perkinsus spp., or known to be specifically affected by Perkinsus spp. will be
discussed in more detail.

Defense mechanisms of bivalves
Bivalves have an open circulation system and possess an innate immune system composed of humoral
factors and cell-mediated mechanisms. Humoral factors include lectins (agglutinins, opsonins), lysosomal
enzymes (phosphatase acid, lysozyme and various hydrolytic enzymes), antimicrobial peptides, protease
inhibitors, etc… (Cheng 1996, Chu 2000). Cell-mediated defense mechanisms are mainly carried out by
hemocytes. Hemocytes are considered to be the primary cellular effectors because of their ability to ingest
and destroy micro-organisms. Hemocytes are chemotactic, mobile, phagocytic and able to aggregate (Hine
1999, Canesi et al. 2002)

Along with these morphological differences, specific aptitudes are attributed to these two categories of
hemocytes. Granulocytes have a higher phagocytic capacity than hyalinocytes (Fisher 1988, Cajaraville and
Pal 1995, Lopez et al. 1997b, Chu 2000). This is consistent with the fact that granulocytes contain more
lysosomal enzymes (Pipe 1990, Pipe et al. 1997, Lopez et al. 1997a). Thus, granulocytes are believed to be
more efficient in killing micro-organisms than hyalinocytes. Moreover, granulocytes have been
demonstrated to produce more reactive oxygen species than hyalinocytes in both stimulated and non-
stimulated conditions (Pipe 1992, Lambert et al. 2003, Lambert et al. 2007). Hyalinocytes are indeed thought
to be more specialized in clotting and wound healing processes (Ruddell 1971, Suzuki et al. 1991).

Bivalve hemocytes can be classified into
two main categories, the granulocytes
(containing many granules) and the hyali-
nocytes or agranulocytes (containing little
or no granules) (Cheng 1981, Fisher 1986,
Auffret 1988) (Fig. 1).

Fig. 1. Sketches of granulocytes (A) and hyalinocytes (B)

inspired from hemocyte images in Chu, 2000.
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Nevertheless, one needs to be cautious when comparing cell-mediated defense mechanisms of different
bivalve groups. Major differences in terms of hemocyte morphology (size and complexity) have been
observed as measured by flow cytometry between clam and oyster hemocytes (Fig. 2, Soudant,
unpublished data).

Fig. 2. Density plot (Forward scatter vs Side scatter) of hemolymph granulocytes and hyalinocytes from oysters (A,
Crassostrea gigas) and clams (B, Ruditapes decussatus) analyzed by Flow Cytometry using the same instrument
settings. (Soudant, unpublished data).

Also, immune responses to Perkinsus spp. infection are likely to diverge between the two bivalve sub-
classes, Eulamellibranchia and Filibranchia, to which clams and oysters belong respectively. It is important
to consider, when studying clam-P. olseni and oyster-P. marinus interactions, that clams and oysters have
their own separated ecological and biological specificities. Clams are infaunal, buried in sand or mud, and
feed using siphon while oysters are epifaunal with organic cementation and feed by shell gaping.

Humoral factors and cell-mediated defense mechanisms are both involved in the elimination of pathogenic
micro-organisms. Humoral factors include lysosomal enzymes (e.g., α-glucuronidase, acid and alkaline
phosphatase, lysozyme, aminopeptidase, and lipase), protease inhibitors, anti-microbial peptides, opsonins,
agglutinins and cytokine-like molecules (Chu 2000, Tiscar and Mosca 2004).

Cell-mediated elimination/destruction of pathogenic micro-organisms by bivalve hemocytes generally
works through phagocytosis and/or encapsulation. The sequential steps of phagocytosis and encapsulation
events are illustrated in Fig. 3. Phagocytosis involves: 1, chemotaxis, attraction and migration toward
chemical stimuli released or carried by non–self and/or pathogenic agents, 2, recognition, and attachment,
3, internalization, 4, intra-cellular degradation.
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Chemotaxis is not always required or used for the event of phagocytosis (Cheng 2000, Chu 2000).
Recognition and attachment of non-self materials are believed to be mediated by lectins (carbohydrate-
binding proteins). In recent years, tremendous progresses have been accomplished in characterizing bivalve
lectins present in hemolymph (Bulgakov et al. 2004, Kim et al. 2006, Kang et al. 2006, Tasumi and Vasta 2007).
Lectins can be found free in serum (Fisher and DiNuzzo 1991, Olfasen et al. 1992) or bounded to the
hemocyte membranes (Vasta et al. 1982, Vasta et al. 1984, Vasta 1991, Tasumi and Vasta 2007). Although the
functions of bivalve lectins have not been completely elucidated, there is a body of evidence indicating that
they function as agglutinins and opsonins (Pruzzo et al. 2005). Both cell-free (serum) and membrane-bound
lectins could serve as opsonins and/or receptors for non-selves (Canesi et al. 2002). They immobilize
bacteria and/or parasites and facilitate attachment between hemocytes and non-self materials during
phagocytosis or encapsulation (Chu 2000). Surface charge and hydrophobicity of micro-organisms are also
important factors for the attachment and ingestion by phagocytic hemocytes (Pruzzo et al. 2005).

Fig. 3. Schematic presentation of humoral and cellular responses in bivalve defense mechanisms upon microbial infection

and parasitism. blue indicates steps of phagocytosis and encapsulation processes. Step 1: Chemotaxis, attraction and

migration. Step 2: Recognition and attachment of invading micro-organisms. These two steps involve the presence and

the synthesis of lectins. Step 3: Micro-organisms are internalized within a phagosome. Step 4: The micro-organism is

destroyed by oxygen dependent and oxygen independent microbicidal activities.These four steps constitute the so-called

phagocytosis process. However at Step 3’ when hemocytes failed to phagocyte the micro-organisms (possibly because

they are too big for internalization), they encapsulate them and destroy them externally with lysosomal enzymatic and

ROS activities. Step 4’: Eventually, encapsulated microbes are destroyed extracellularly. Green indicates the various

humoral factors such as antimicrobial peptides, lysosomal hydrolysases, protease inhibitors that also contribute to

eliminate pathogen micro-organisms. Purple symbolizes the invading micro-organisms.
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After recognition and attachment, micro-organisms are subsequently internalized by the hemocytes via
endocytosis (Cheng 1996, Cheng 2000). Internalization processes result in the formation of a primary
phagosome where the intracellular destruction and killing of micro-organisms take place. Lysosomal
granules migrate toward phagosome. After fusion with phagosome membrane, granule contents (hydrolytic
enzymes) of hemocytes are discharged into the vacuole, contributing to the enzymatic degradation of
engulfed micro-organisms.

In addition to these hydrolytic activities, hemocytes possess oxygen-dependent microbicidal activities
which can be gathered under the term “production of reactive oxygen species (ROS)”. These processes are
summarized in Fig 4. External stimulation or phagocytosis can trigger O2 uptake and production of
superoxide anions (O2) by a NADPH oxidase complex. Hydrogen peroxide (H2O2) can then be produced from
O2 by superoxide dismustase. H2O2 may give rise to other highly toxic ROS, hydroxyl radicals (OH

_
) by Fenton

reaction and hypochloride (HOCl
_
) in the presence of chloride ion by myeloperoxidase (MPO).

Fig. 4. Hypothetical presentations of the pathways involved in production of major reactive oxygen species and

nitrogen species outside the cell membrane upon contact with foreign particles (left) and inside phagosome upon

phagocytosis of foreign particles (right). NO: Nitric oxide; ONOO-: peroxynitrite; O2: Anion superoxide; HOCl
_
:

Hypochloride; iNOS: inductible nitric oxide synthase; SOD:superoxide dismutase; EC-SOD: Extracellular superoxide

dismutase; MPO: myeloperoxidase

Hemocytes from bivalves are also able to produce nitric oxide (NO) in response to immune stimuli (Gourdon
et al. 2001, Tafalla et al. 2003, Novas et al. 2004, Villamil et al. 2007). NO can further react with O2 to produce
peroxynitrite, a highly toxic compound (Villamil et al. 2007). Synergistic effects of lysosomal enzymes and ROI
efficiently kill pathogenic and non-pathogenic microbes.
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Changes in humoral and cellular immune parameters upon Perkinsus infection
To monitor pathological status of bivalves in field and laboratory studies, various cellular and biochemical assays
have been developed to evaluate changes in humoral and cellular defense related parameters. These biochemical
and cellular assays have been broadly employed to evaluate bivalve-pathogen interaction, particularly the immune
responses of bivalves to Perkinsus spp. infection and to monitor bivalves exposed to contaminants. By following
the changes in humoral and cellular defense-related parameters in bivalves infected with Perkinsus spp., it was
aimed to determine (1) at what level of Perkinsus burden the bivalve immune system is compromised, (2) whether
there is a relationship between changes of defense parameters and parasite burden, and (3) whether the
differences in immune responses among different host populations to Perkinsus infection provide “markers” for
“resistance” or “susceptibility”. The reported changes in humoral and cellular defense-related parameters in clams
and oysters, infected respectively by P. olseni and P. marinus, derived from both field and laboratory studies, are
summarized in Table 1.

Table1. Changes in humoral and cellular defense-related parameters in clams and oysters infected by P. olseni and
P. marinus, respectively. Data were obtained from field and laborat

Immune parameters Oysters (C. virginica) Clams (R. philippinarum or R. decussatus)

Total hemocyte count (cells/mL)

Granulocyte count (cells/mL)

% of phagocytic cells

ROS production (in vivo)

ROS production (in vitro)

RNI production

Apoptosis

Phenoloxidase activity

Lysozyme

Agglutination titer (in vivo)

Agglutination titer (in vitro)

Protein content

�(Anderson et al. 1992, Anderson et al.
1995, Chu and La Peyre 1993a/ Field)
 �(La Peyre et al. 1995b / Lab.)

�(Chu 2000 / Field)

�(La Peyre et al. 1995b, Goedken et al. 2005
/ Lab.)

�(Anderson et al. 1992; La Peyre 1993 / Field)
�(La Peyre et al. 1995b, Goedken et al. 2005
/ Lab.)
�(La Peyre et al. 1995a, Volety and Chu
1995, Anderson et al. 1995, Anderson 1999b,
Schott et al. 2003a / Lab.)

�(Villamil et al. 2007 / Lab.)

�(Sunila and LaBanca 2003 / Field)

�(Jordan and Deaton 2005 / Lab.)

�(Chu and La Peyre 1989 / Field, Chu and
La Peyre 1993b, Chu et al. 1993 / Lab.)
�(Chu and La Peyre 1993a / Field)
�(La Peyre et al. 1995b / Lab.)

�(Chu and La Peyre 1993a / Field)
�(Chintala et al. 1994 / Field)
�(La Peyre et al. 1995b / Lab.)
�(Fisher et al. 1992 / Lab.)

�(La Peyre et al. 1995b / Lab.)

�(Ordás et al. 2000, Casas 2002 / Field)

�(Flye Sainte Marie 2007 / Field)

�(Flye Sainte Marie 2007 / Field)

�(Ordás et al. 2000, Flye Sainte Marie 2007
/ Field)
�(Hégaret et al. 2007; da Silva et al. in press
/ Lab.)

�(Hégaret et al. 2007, da Silva et al. in press
/ Lab.)

�(Hégaret et al. 2007, da Silva et al. in press / Lab.)

�(Muñoz et al. 2006 / Field)
�(Flye Sainte Marie 2007/ Field)

�(Ordás et al. 2000 / Field)

�(Ordás et al. 2000, Bulgakov et al. 2004 Kim
et al. 2006 / Field)
�(Hégaret et al. 2007, da Silva et al. in press
/ Lab.)

�(Ordás et al. 2000 / Field)

Field=Field study; Lab.=Laboratory study; ROS=Reactive oxygen species; RNI=Reactive nitrogen species; Arrows “� ”, “�“, and
“�“ indicate the trend of changes: increase, decrease, and unchanged, respectively.
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One should note that the reported changes in cellular and humoral parameters are not always statistically
significant and vary according to host species. They are often difficult to interpret and occasionally
contradictory between published results. The recurrent explanation concerning the small impact of
Perkinsus infection on humoral and cellular defense-related parameters is that various environmental
factors in the field can modulate the host physiology including immune responses, thus masking the true
impact of the parasite’s effect on the bivalve immune system. We will present one example to illustrate how
difficult is to interpret these data. A comparison of seasonal variations of granulocyte concentrations
between P. olseni naturally infected and non-infected clams is shown in Fig 6 (adapted from Flye Sainte
Marie 2007). Although granulocytes are involved in specific immune responses against P. olseni (see
following description) and considered as the most active cells against pathogenic micro-organisms,
environmental conditions have caused more impact on granulocyte concentrations than P. olseni infection
(Fig. 6). Indeed, granulocyte concentration was found to be positively correlated with temperature (Flye
Sainte Marie 2007).

Fig. 6. Granulocyte concentrations (cells/mL) in P. olseni naturally infected and non-infected clams (R. philippinarum)

from the Gulf of Morbihan (July 2004 – September 2005, Brittany, France). (Adapted from Flye Sainte Marie 2007)

Another reason why is difficult to assess Perkinsus spp. impact on humoral and cell-mediated defenses in field and
laboratory experiments, is possibly because hemocytes have multiple functions including shell repair and
deposition, wound healing, excretion, nutrient digestion and transport, in addition to internal defense (Cheng 2000,
Chu 2000).As these functions are highly influenced by environmental factors and by the physiological status of the
bivalves, thus it is difficult to establish a relationship between immune changes and Perkinsus burden. Also, the
differences in immune responses possibly reflect the variations of parasite burdens in infected animals, between
experiments and among field surveys. Nevertheless, it is impossible to define, based on the results of these studies,
the level of parasite burden at which “negative” or “positive” immune responses would be induced.
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“Specific” immune responses upon Perkinsus infection
Overall, measurements of ‘classic’ defense parameters in Perkinsus infected bivalves provided little insight
on the pathogenesis of this parasite within its host. Nevertheless, several recent studies have shed some
light on the interactions between P. olseni and its host clams, R. philippinarum and R. decussatus, and
between P. marinus and its host oyster C. virginica. Both P. olseni and P. marinus appeared to induce
specific immune responses in their respective hosts.

Lectins and Perkinsus infection
Although various bivalve serum and hemocyte membrane-bound lectins have been partially characterized
(Tamplin and Fisher 1989, Fisher and DiNuzzo 1991, Vasta et al. 1982, Vasta et al. 1984), their involvement in
Perkinsus spp. recognition and elimination has not been explored until very recently.

Lectins, produced by Manila clams upon infection with P. olseni, have been identified and characterized by
Bulgakov et al. (2004) and Kim et al. (2006). The current working hypothesis of these authors is presented in
Fig. 7. Kim et al. (2006) showed that upon P. olseni infection, Manila clams synthesize a C-type lectin termed
“Manila clam lectin” (MCL) which can bind to the surface of purified Perkinsus cells. However, synthesis of
MCL is not activated by P. olseni cells themselves but rather by host derived cytokine-like factors. MCL is
then excreted into the hemolymph and thought to contribute to the opsonization of P. olseni and
subsequent attachment through recognition of terminal GalNac/Gal residues of the parasite. Coating beads
with MCL was shown to increase the phagocytic activity of clam hemocytes. However, it is still not known
whether MCL can also trigger encapsulation processes of P. olseni often observed in heavily infected clams.

Fig. 7. Hypothetical process of how Manila clam lectins (MCL) affect recognition and elimination of P. olseni.
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The involvement of lectins in P. marinus recognition and elimination by oyster hemocytes has also been
unveiled. Gauthier et al. (2004) reported that the sugars recognized by the previously identified lectins (Vasta
et al. 1982, Vasta et al. 1984) were similar to those present on P. marinus cells. Tasumi and Vasta (2007) have
later identified and characterized a cell-bound lectin, galectin (CvGal) in hemocytes of C. virginica that
recognize preferentially exogenous carbohydrate ligands present on P. marinus trophozoite cells. They
proposed that attachment and spreading of hemocytes to foreign surface induce migration of CvGal to cell
periphery, CvGal secretion and its binding to hemocyte plasma membrane. Indeed, exposure to P. marinus
enhanced CvGal expression, secretion and externalization. The hemocyte surface-associated CvGal is
thought to act as a receptor for P. marinus, thus resulting in an efficient host entry for the parasite (Tasumi
and Vasta 2007).

Hemocyte encapsulation and Perkinsus infection
Encapsulation of parasite cells is frequently observed in histological sections of venerid clams infected by
Perkinsus spp. (Chagot et al. 1987, Navas et al. 1992, Montes et al. 1995b, Sagristá et al. 1995, Montes et al.
1996, Ordás et al. 2001, Park and Choi 2001, Casas 2002, Choi et al. 2002). In the early seventies, Cheng and
Rifkin (1970) proposed that hemocyte encapsulation represents aborted attempts at phagocytosis. Indeed,
observation of phagocytosis of P. olseni by clam hemocytes in histological sections is much less frequent
than in the oyster C. virginica infected by P. marinus (Casas 2002). Montes et al. (1995a, b, 1996, 1997) clearly
demonstrated that P. olseni induced a specific cellular response in clams, R. decussatus and R.
philippinarum. The major steps of this immune reaction are sketched in Fig. 8.

Fig. 8. Schematic representation of the steps of P. olseni encapsulation by clam (R. decussatus and R. philippinarum)
hemocytes according to the studies of Montes et al. (1995a, b, 1996, 1997). ROS: Reactive oxygen species.
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According to Montes et al. (1995a, b, 1996) connective tissues of P. olseni infected clams can elicit a specific
inflammatory response, during which granulocytes are recruited and infiltrated to infected tissues. At the
infected site, granulocytes differentiate into secretory granulocytes, which synthesize a slightly glycosylated
polypeptide, with a molecular weight of 225 kDa (p225). This polypeptide (p225), stored in membrane-bound
granules, is released in a polarized manner and organized as a capsule around Perkinsus trophozoites
(Montes et al. 1995a, 1996). The polypeptide p225, the main component of the capsule in which Perkinsus
trophozoites are encapsulated, is not expressed in Perkinsus-free clams or in clams exposed to other micro-
organisms such as bacteria or algae (Montes et al. 1995b, 1996, 1997). After encapsulation, it is believed that
lysosomal enzymes from granulocytes, acting likely together with ROS production, would destroy the
encapsulated Perkinsus cells. But, the percentage of dead trophozoites within the capsule was quite low,
11% in R. philippinarum and 36% in R. decussatus (Montes et al. 1996). Indeed, the cell wall of Perkinsus
species is mainly constituted by a proteinaceous component resistant to proteolysis. This may partially
explain why Perkinsus species can survive exposure to lysosomal enzymatic activities and ROS production
after encapsulation (Sagrista, et al., 1995) and after phagocytosis by oyster hemocytes (La Peyre et al. 1995a,
1996). Although it is unclear how efficiently Perkinsus cells could be degraded/eliminated, this
encapsulation process could block trophozoite dissemination via the circulation system (Rodriguez and
Navas 1995, Montes et al. 1995a). However, this inflammatory reaction could obliterate the blood sinuses of
the clam and, thus, be an eventual cause of host death (Montes et al. 1995a).

Protease inhibitors and Perkinsus infection
Protease inhibitors have been reported to play a role in host defense, generally through direct inactivation
of pathogen proteases, which are recognized as important virulence factors for various bacteria and
parasites (Muñoz et al. 2003, Villalba et al. 2004, Xue et al. 2006). Extracellular serine proteases are believed
to play a major role in P. marinus pathogenicity and virulence, since they can degrade oyster proteins (La
Peyre et al. 1995c, Faisal et al. 1999) and have an immune-suppressive effect (Garreis et al. 1996, La Peyre
et al. 1996, Tall et al. 1999). This aspect will be further discussed in the “virulence factors” section.

Inhibition of P. marinus extracellular serine proteases by oyster plasma (serum) was first reported by Faisal
et al. (1998). The plasma-associated protease inhibitors may have an implication on host
resistance/tolerance to P. marinus infection. Faisal et al. (1998) demonstrated that the plasma inhibitory
activity was weaker in C. virginica than in C. gigas, which is less susceptible to P. marinus experimental
infection (La Peyre et al. 1995b). Furthermore, Oliver et al. (2000) reported a negative correlation between
disease intensity and protease inhibitory activity. It was thus postulated that oyster protease inhibitors
contribute to the elimination of P. marinus from oyster tissues. Recently, a serine protease inhibitor has been
purified from C. virginica plasma and characterized (Xue et al. 2006). This protease inhibitor, Cvsi-1, is
effective against the serine proteases subtilisin and perkinsin, the major extracellular proteases of P.
marinus, thus suggesting that Cvsi-1 plays a role in oyster defense mechanism against P. marinus (Xue et
al. 2006).

Transcriptomic and genetic approaches to assess specific immune factors
Molecular tools have been employed to identify genes that are differentially expressed and regulated during
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the process of host-parasite interaction and to determine the quantity of transcript during/upon exposure
of different host to Perkinsus spp.

Suppression Subtractive Hybridization (SSH) (Diatchenko et al., 1996) is the most common used technique
for identification of gene expression. The advantage of this technique is that it can reveal genes that are
differentially expressed and regulated upon different conditions or experimental treatments. This technique
has been used to characterize gene expression of C. virginica and C. gigas exposed to P. marinus (Tanguy
et al. 2004), followed by expression analysis using semi-quantitative PCR. This study showed differences in
gene expression in responses to P. marinus infection between the two oyster species. For example, a gene
for beta galactoside binding lectin was up-regulated in C. virginica while the gene coding -1-3-glucan binding
protein involved in activation of the prophenoloxidase cascade was over-expressed in C. gigas (Tanguy et
al. 2004). Although the comparison of differences in gene expression between C. virginica and C. gigas in
response to P. marinus challenge can not explain the differences in susceptibility to P. marinus between the
two species, the authors concluded that results derived from the study provide candidate genes and
pathways for further study.

The other approach to assess transcriptomic changes is a massive EST sequencing and posterior gene
expression quantitative analysis. The EST sequencing of genes expressed in hemocytes from R.
philippinarum infected with P. olseni has recently been achieved and a total of 79 ESTs, related to 29
functional immune genes such as C-type lectin, lysozyme, and cystatin B has been obtained (Kang et al.
2006). The expression of seven different hemocyte lectin homologues derived from P. olseni infected and
uninfected clams were further analyzed by RT-PCR using gene-specific primers. The expression of six of
these lectin related genes was shown to be induced by P. olseni infection.

The generation of EST could also lead to the discovery of genetic markers. The study of Quilang et al. (2007)
generated over 5000 ESTs representing 4,688 unique sequences using pooled RNA isolated from C. virginica
hemocytes, mantle, gill, gonad and digestive tract, muscle, and a whole juvenile oyster. Using the existing
and the generated ESTs, the authors succeeded to identify numerous putative microsatellites and single
nucleotide polymorphism (SNP) markers. Additionally, the study resulted in putative identification of a
number of stress-, immune-, and defense-related transcripts. Potentially, the genome information derived
from this study can be used for future micro-array development, marker validation, genetic linkage and
Quantitative Trait Loci (QTLs) analysis.

The recent analysis of amplified fragment length polymorphism (AFLP) markers before and after Dermo-
inflicted mortalities in two reference families of C. virginica allowed the identification of twelve putative
Dermo/summer mortality-resistance QTL (Yu and Guo 2006). Similarly, two of the 48 AFLP markers analyzed
by Sokolova et al. (2006) were found to be associated with the incidence of P. marinus infection.
Identification and mapping of disease-resistance QTLs may contribute to a better understanding of the
genetic mechanisms underlying disease-resistance and host-parasite interactions.

The European Network of Excellence “Marine Genomics” has also made an effort on EST sequencing from
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different bivalves (i.e., R. decussatus, R. philippinarum) susceptible to Perkinsus spp infection. These
sequences have been registered at Genbank for public access. The available bivalve sequences will boost
the discovery of specific genes or genetic markers related to the Perkinsus infection development and
progression in the host.

In vitro culture of Perkinsus spp.
The development of in vitro Perkinsus spp. cultures has facilitated the design of research critical for the
understanding of the biology, physiology, and biochemistry of the parasite and its pathogenicity and impact
on the host. Five Perkinsus spp. in vitro cultures cultivated in different media have been established. The
culture medium JL-ODRP-1 (La Peyre et al. 1993) was originally formulated to resemble the composition of
eastern oyster plasma to propagate P. marinus and P. chesapeaki (La Peyre et al. 1993, McLaughlin and
Faisal 1998). Culture media modified from JL-ODRP-1 were later used for culturing of P. olseni (Casas et al.
2002b) and P. mediterraneus (Casas et al. 2008). A commercial medium DME:Ham’s F-12 with various
nutritional supplements has been developed and used for culturing of P. marinus (Gauthier and Vasta 1993,
1995, Gauthier et al., 1995), P. chesapeaki (Coss et al. 2001, Burreson et al. 2005), P. olseni (Casas et al. 2002b,
Robledo et al. 2002, Dungan et al. 2007), and P. honshuensis (Dungan and Reece 2006). The commercial
medium, Leibowitz’s L-15, with supplements has also been utilized to cultivate P. marinus (Kleinschuster and
Swink 1993). Dungan and Hamilton (1995) compared the proliferation of P. marinus cultured in three different
commercial media (DME/Ham’s F-12, NCTC-135, RPMI-1640) and a modified version of JL-ODRP-1. Faster
growth of P. marinus cells in DME/Ham’s F-12 was observed. Since proteins from exogeneous source may
interfere with the extracellular products and/or proteins secreted by the cultured cells, a mixture of amino
acids was included in the medium to replace the exogenous proteins and was found to efficiently support
P. marinus proliferation (La Peyre and Faisal 1996, 1997).

Different organs (e.g., hearts, visceral ganglia, haemolymph and gills) derived from infected host have been
used to establish in vitro Perkinsus spp. cultures (La Peyre et al. 1993, Gauthier and Vasta 1993, Kleinschuster
and Swink 1993, McLaughlin and Faisal 1998, Coss et al. 2001, Casas et al. 2002b, Robledo et al. 2002).
Hypnospores isolated from infected tissues that had been incubated in Ray’s fluid thioglycollate medium
(RFTM) have also been used as a culture starter (La Peyre and Faisal 1995, Bushek and Allen 1996, Casas et
al. 2002b, Robledo et al. 2002, Burreson et al. 2005, Dungan and Reece 2006, Dungan et al. 2007). Cultured
Perkinsus cells can be cryopreserved (Dungan and Hamilton 1995, Gauthier and Vasta 1995). A number of
cryopreserved Perkinsus spp. culture isolates has been deposited at the American Type Culture Collection
(ATTC, Rockville, MD, USA) and are available to researchers.

Considering that different strains of a Perkinsus species and different Perkinsus spp. can co-infect a single
host, clonal cultures have been established through isolation of individual cells by a standard limiting
dilution method (Gauthier and Vasta 1995) and  by micromanipulation (see Bushek et al. 2000 for detailed
information).

In vitro cultivated Perkinsus cells have been used for most of the studies, if not all, on the investigation of
host-parasite interactions. Nevertheless, the use of cultured cells can have some limitations for certain
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experimental approaches. It has been found that the in vitro propagated parasites were less virulent than
those freshly isolated from infected hosts (Bushek et al. 1997, Ford et al. 2002, Bushek et al. 2002).

Virulence factors of Perkinsus spp.
It is a general concept that the outcome of the interaction between a host and its pathogen is depending
on how competent and effective the host defense mechanisms are in fighting against the pathogen
(resistance) and the survival strategies (virulence mechanisms and factors) employed by the pathogen to
evade the host defense to establish infection. To survive in the host, pathogens utilize different evasive
mechanisms, including: (1) scavenge/inhibit host respiratory burst or destroy toxic compounds generated
from phagocyte oxidative metabolism, (2) facilitate invasions and acquire nutrients for growth through
secretion of lipolytic and proteolytic enzymes; (3) circumvent the hydrolytic activity of lysosomes; and (4)
evade the host immunity by modifying surface integrity using host lipids and fatty acids.

Perkinsus species possess virulence factors and are able at least partially to elude host responses. Several
P. marinus virulence factors (serine proteases and anti-oxidant activities) have been described and
characterized.

Extracellular products
Extracellular products (ECP) from in vitro cultured P. marinus were first studied by La Peyre et al. (1995c).
Extracellular products encapsulated in liposomes were shown to enhance in vivo infectivity when fed to
oysters (La Peyre et al. 1996). It has been demonstrated in in vitro experiments that ECP not only reduce
several hemocyte and humoral immune functions including ROS production, mobility, lysozyme and
hemagglutination (Garreis et al. 1996), but also the vibriocidal activity of hemocytes (Tall et al. 1999). The
availability of polyclonal antibodies against ECP facilitates the detection in vivo of several ECP components
in P. marinus infected oyster tissues. Indeed, ECP concentration in oyster tissues, as measured by ELISA
assay, correlated fairly well with P. marinus burden (Ottinger et al. 2001). ECP are mainly constituted of serine
proteases, which were proposed as possible virulence factors responsible for tissue degradation in infected
oysters (La Peyre et al. 1996). The finding that bacitracin, a protease inhibitor, significantly reduced P. marinus
infectivity and its growth in in vitro conditions indirectly confirmed the involvement of serine proteases in P.
marinus virulence (Faisal et al. 1999). Furthermore, there is evidence that P. marinus secreted serine
proteases are potentially counteracted by protease inhibitors produced by infected oysters (see paragraph
“Protease inhibitors and Perkinsus infection”).

MacIntyre et al. (2003) showed that the addition of C. virginica oyster homogenate to the culture medium
can change the molecular weight based pattern of the serine proteases found in ECP. Oyster homogenates
were found to specifically enhance expression of low molecular weight serine proteases. Supplementation
of P. marinus culture with C. virginica plasma or tissue homogenate also enhances their infectivity (Earnhart
et al. 2004). However, the correlation between the in vitro induction of low molecular weight proteases by
oyster homogenate supplementation and infectivity was not always consistent (Earnhart et al. 2004). The
presence of host-derived components/factors appeared to be necessary to P. marinus pathogenicity
(MacIntyre et al. 2003). These suggest that virulence attenuation occurs in P. marinus when it is cultured in
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defined media. It was also observed that oyster homogenates induced morphological changes in in vitro
cultured P. marinus, rendering it more resembled to the parasite cells observed in naturally infected oysters,
and reduced its proliferation. The increase of P. marinus trophozoite size similar to that observed in vivo
within oysters tissues along with a lower proliferation rate suggests a possible regulation of mitosis by
oyster products and/or a partial transition of trophozoite to hypnospore stage (MacIntyre et al. 2003,
Earnhart et al. 2004).

Compared to P. marinus, very little has been done on the identification of P. olseni virulence factors. First, it
is known that P. olseni has little enzymatic activity of serine proteases such as trypsin and -chymotrypsin
(Casas et al. 2002b). Similarly, P. chesapeaki infected soft shell clams Mya arenaria does not produce any
proteolytic activity (McLaughlin et al. 2000). The absence of protease activity in these Perkinsus species may
be related to their lower virulence to clams when compared to P. marinus to C. virginica.

Antioxidant capacity
In the early 90’s, it was observed that P. marinus appeared to survive inside the hemocytes of the eastern
oyster C. virginica and that its phagocytosis was not associated with ROS production (La Peyre 1993, La
Peyre et al. 1995b). Moreover, P. marinus cells and their extracellular secretions were shown to suppress
ROS production in zymosan-stimulated C. virginica hemocytes (Volety and Chu 1995, Anderson 1999a, b).
Recently, Schott et al. (2003a) demonstrated that P. marinus survived exposure to in vitro produced
superoxide and hydrogen peroxide. These observations suggested that P. marinus can scavenge and/or
inhibit ROS production including superoxide anion (O2) produced by the NADPH oxidase complex, hydrogen
peroxide (H2O2) produced by SOD. Indeed, three anti-oxidant enzymatic activities involved in counteracting
the oxygen dependent anti-microbial system have recently been identified in P. marinus and characterized:
acid phosphatases (inhibition of O2 production), superoxide dismutases (neutralization of O2), and ascorbate
peroxidases (H2O2 removal) (Volety and Chu 1997, Wright et al. 2002, Schott et al. 2003a, b, Schott and Vasta
2003, Schott et al., 2006).

Acid phosphatase was found in relative high concentrations in extracellular products of P. marinus and was
hypothesized to act as an anti-oxidant enzyme by dephosphorylating enzymes, such as NADPH, which
catalyzes the production of superoxide (Volety and Chu 1997). Indeed, acid phosphatase was previously
demonstrated to block O2 production in human neutrophils permitting intracellular survival of parasites such
as Leishmania (Remaley et al. 1984) as well as the molluscan parasite Bonamia ostreae in Ostrea edulis
(Hervio et al. 1991).

Fe SOD type activities were also found in P. marinus extracts (Wright et al. 2002). Two Fe SOD cDNAs were
indeed cloned and sequenced in P. marinus trophozoites; PmSOD1 and PmSOD2 (Wright et al. 2002).
Expression of PmSOD1 in SOD mutants of yeast and bacteria was demonstrated to confer protection against
ROS (Schott and Vasta 2003). PmSOD1 was localized in the mitochondria, whereas PmSOD2 was located in
the cortex of the cytoplasm, possibly membrane-anchored (Schott et al. 2003b, Schott and Vasta 2003).
Along with their sub-cellular locations, PmSOD1 and PmSOD2 can be distinguished in terms of gene
organization. This suggests that they are differentially regulated and have distinct roles in the physiology of
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the parasite. Therefore, the above findings strongly support the hypothesis that Fe-SOD activities in P.
marinus contribute at least partially to neutralize superoxide (O2) within the hemocyte phagosome.

Finally, P. marinus possess an ascorbate dependent peroxidase activity (APX) that may contribute to
H202removal in vitro and in vivo (Schott et al. 2003a, Schott et al. 2006). Partial purification of P. marinus APX
revealed its similarity to plant APX, and was further confirmed by partial sequencing of two putative APX
genes from P. marinus cDNA. However, Schott et al. (2003a) mentioned that P. marinus trophozoites
remained sensitive to HOCl. They suggest that radical scavengers such as arginine and ascorbate are more
likely to be involved in detoxifying HOCl since enzymatic activity that detoxifies HOCl has not been reported
in any other organisms. In a recent paper, Villamil et al. (2007) reported that  P. marinus stimulated in vitro
and in vivo NO production by oyster hemocytes. But, on the other hand, this parasite was observed to be
resistant to high concentrations of NO, thus suggesting that P. marinus could evade the damaging effects of
NO (Villamil et al. 2007). Thus far, no study has been conducted to explore whether P. olseni has antioxidant
capacity against its hosts.

Metabolic biochemistry and physiology of Perkinsus spp. and their involvement in pathogenicity
Progresses have recently been made in the studies of Perkinsus spp. metabolism. An important aspect to
keep in mind when studying the metabolic biochemistry and physiology of Perkinsus spp. is its resemblance
to other phylogenetically related eukaryotes such as apicomplexan, ciliates, and dinoflagellates.

Lipids provide parasites the energy reserves and structural components for growth, development, and life
cycle completion. Host lipid acquisition and lipid synthetic activity were recently characterized in P. marinus
trophozoites. P. marinus is capable of synthesizing phospholipids and as most other protozoan parasites,
can acquire and metabolize exogenous (host) lipids (Chu et al. 2000, Lund and Chu 2002, Chu et al. 2003).
However, P. marinus is unique among the well studied parasitic protozoans in that it synthesizes a wide
range of polyunsaturated fatty acids (Soudant and Chu 2001, Chu et al. 2002) including the essential fatty
acid, arachidonic acid (AA, 20:4n-6), a precursor for a series of eicosanoids involved in many biochemical
and physiological processes (Soudant and Chu 2001, Chu et al. 2002). P. marinus uses the unusual
alternative -8 pathway to synthesize AA (Chu et al. 2004). This was further confirmed by the characterization
of genes encoding the enzymes responsible for this pathway in P. marinus (Venegas-Caleron et al. 2007).
The acyl elongation reaction in P. marinus meronts is catalyzed by a FAE1-like ketoacyl-CoA synthase class
of condensing enzyme previously only reported in higher plants and algae (Venegas-Caleron et al. 2007). P.
marinus probably uses the Type II fatty acid synthase (TypeIIFAS) pathway to synthesize fatty acids (Lund et
al. 2005). Type II fatty acid synthesis in eukayotes is restricted to plastids of plants, algae and perhaps
mitochondria of yeast. The presence of a plastid in Perkinsus spp. was recently confirmed with molecular
and ultrastructural evidences (Teles-Grilo et al. 2007a, Stelter et al. 2007). However, P. marinus cannot
synthesize sterols and must sequester them from its host (Lund et al. 2007).

At this point, although it remains to be investigated whether P. marinus unique fatty acid synthetic capability
and the de novo synthesizing of arachidonic acid have any implication on its virulence, some metabolites of
the de novo produced fatty acids may contribute to the virulence of this parasite. The biological functions
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as well as the metabolism and potential pathogenic effects of parasite elaborated AA derivatives have been
evaluated in a few parasitic protozoans. Catisti et al. (2000) reported that AA plays a role in regulating Ca++

entry in Trypanosoma brucei and Leishmania donovani. Moreover, parasitic protozoans such as T. brucei and
Plasmodium falciparum can synthesize various prostaglandins from AA (Kubata et al. 1998, Kubata et al.
2000) and these parasite-derived prostaglandins are considered to be harmful to host defense and may thus
contribute to pathogenesis. However, whether P. marinus trophozoites synthesize prostaglandins from AA
and their biological role in relation to its host remains to be elucidated.

Synthesis of isoprenoids (also known as terpernoids), which also contribute to the lipid compartments, have
recently been explored in protozoan parasites. Unlike vertebrates, which synthesize isoprenoids through the
mevalonate pathway, P. marinus synthesizes isoprenoid using the independent mevalonate pathway
(DOXP/MEP) as plant and apicomplexan parasites (Stelter et al. 2007). Other plant-related pathways have
been identified in P. olseni such as the shikimate pathway (Elandalloussi et al. 2005) and the synthesis of
folates, known to be involved in the synthesis of the vitamin B9, a co-enzyme for DNA/RNA synthesis
(Elandalloussi et al. 2005).

While the significance of these newly identified pathways in relation to life cycle, proliferation and virulence of
the parasite remains to be fully explored, these metabolic pathways provide potential targets for specific drug
treatment to obtain Perkinsus spp. free oysters or clams for the purposes of research or hatchery production.

Host-pathogen competition for iron sequestration is thought to play an important role in the parasite
infectivity and proliferation within its host. Both P. marinus and P. olseni are known to have a strong
requirement for iron as iron chelators such as desferrioxamine inhibit in vitro replication of these two
protozoan parasites (Gauthier and Vasta 1994, Gauthier and Vasta 2002, Elandalloussi et al. 2003). Protozoan
parasites generally rely on host’s supply of iron and are therefore susceptible to host iron deprivation.
Changes of iron levels in the host are thought to have an impact on proliferation of protozoan parasites.
Although oysters are known to contain high amounts of iron, it is unclear to what extent this abundant iron
is available in a form that can readily be assimilated by Perkinsus spp. It cannot be excluded, however, that
levels of iron in the host may modulate Perkinsus spp. proliferation rate. Conversely, parasite proliferation and
high infection level in the host may result in a reduction of iron pools required for O2 and OH

_
production

(Anderson 1996).

Transcriptomic approaches to assess Perkinsus virulence factors
Suppression Substractive Hybridization (SSH) was used to identify differentially expressed genes by P. olseni
when the parasite was exposed to hemolymph from R. decussatus (Ascenso et al. 2007). Most of the
expressed genes are related to DNA/RNA binding, thus suggesting a strong linkage between gene regulation
and infection.

Currently there are ongoing projects at the Institute for Genomic Research (TIGR), the Center for Marine
Biotechnology (COMB), and the J.Venter Science Foundation Joint Technology Center in US conducting complete
P. marinus genome sequencing. The method chosen for sequencing P. marinus was whole genome shotgun
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sequencing (8x coverage). It is expected that 10,000 ESTs will soon be generated by the TIGR/COMB consortiums
from cDNA libraries and assembled to produce a gene index. Part of the data is already posted at Genbank.
Although some uncertainties about genome size remain, contour-clamped homogeneous electric field (CHEF)
gels indicate that the genome size is at least 28 Mb. This genome size was similar to the size recently reported
for P. olseni (Teles-Grilo et al. 2007b). The knowledge of the particularities of Perkinsus genome will contribute
to a better understanding of Perkinsus biology and its infection mechanism.

Impact on host physiology
There is a general agreement that progression of Perkinsus spp. infection to high intensity (millions of
parasites per gram of wet weight) can result in mass mortalities, thus causing direct economic and
ecological consequences. Additionally, when considering sub-lethal effects, Perkinsus spp. may have a
negative impact on host growth and reproduction and may make them more susceptible to other
pathogens. Also, these sub-lethal effects are expected to have indirect consequences on product quality
(market value) and recruitment in natural beds. Table 2 presents a summary of known effects of Perkinsus
spp. infection on host physiology.

Table 2. Changes in physiological related parameters in clams and oysters infected by P. olseni and P. marinus,

respectively. Data were obtained from field and laboratory studies

Physiological parameters Oysters (C. virginica) Clams (R. philippinarum or R. decussatus)

Oxygen consumption

Acidosis

Clearance rate

Absorption efficiency

Gametogenesis  and egg
production

Condition index

�(Newell et al. 1994, Willson and Burnett 2000)

�(Dwyer and Burnett 1996)

�(Newell et al. 1994)

�(Newell et al. 1994)

�(Choi et al. 1994, Kennedy et al. 1995;
Dittman et al. 2001)

�(Andrews 1961, Craig et al. 1989, Crosby
and Roberts 1990, Paynter and Burresson
1991, Volety and Chu 1994,Dittman et al.
2001)
�(Chu and La Peyre 1993b, Chu et al. 1993,
Newell et al. 1994)

�(Casas 2002)

N.D.

�(Casas 2002)

�(Casas 2002)

�(Casas 2002, Park et al. 2006)

�(Casas 2002, Leite et al. 2004)

�(Park et al. 2006, Flye Sainte Marie 2007)

Arrows “� ”, “�“, and “�“ indicate the trend of changes: increase, decrease, and unchanged, respectively.
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P. marinus infection has been observed to cause decrease of condition index (Andrews 1961, Craig et al.
1989, Crosby and Roberts 1990, Paynter and Burresson 1991). However, it is important to notice that less
than 10% of the variability of condition index was related to the intensity of P. marinus infection (Crosby and
Roberts 1990). Similarly, Perkinsosis appeared to interfere with energy balance and to affect condition index
in clams only at high infection intensity (Casas 2002, Leite et al. 2004, Flye Sainte Marie 2007).

It has been demonstrated that P. marinus reduced reproductive output and gametogenesis development
(Kennedy et al. 1995, Dittman et al. 2001). But in the latter, this effect was limited to the spring period, the
time when gametogenesis takes place. Casas (2002) made similar observations with heavily infected clams,
which exhibited a reduced gametogenesis and less storage tissues in early spring. Quantitative assessment
of both reproductive output and Perkinsus infection allowed the detection of negative effects of P. olseni
infection on Manila clam’s gametogenesis (Park et al. 2006). Authors of the above study concluded that
heavy P. olseni infection slows down reproduction and reduces reproductive output of Manila clams.

Reduction in growth, condition index, and reproductive output in heavily infected clams or oysters are likely
related to impairments of energy acquisition and consumption by the host. However, there is no clear
evidence to show such a relationship when classical physiological parameters were employed to assess
scope for growth. Several studies observed little or no effect of Perkinsus infection on oxygen consumption,
clearance rate, absorption efficiency, or assimilation rate of the host (Newell et al. 1994, Paynter 1996,
Willson and Burnett 2000, Casas 2002). As proposed by Choi et al. (1989), energy consumption by the
parasites must be considered as they may cause energy interference in the host. The authors of this study
suggested that energy uptake by over one million of Perkinsus cells per gram tissue wet weight of an
individual oyster may exceed the net production of the host. Casas (2002) reached similar conclusion for the
clams, especially under conditions of high temperature and low food availability.

Recently, experimental infection of C. virginica oysters by P. marinus was demonstrated to enhance
expression of hsp69 (Encomio and Chu 2007). However, both hsp 72 and 69 did not vary significantly with
levels of “natural” P. marinus infection (Encomio and Chu 2005) while these two isoforms changed
seasonally.

Overall, demonstration of sub-lethal effects of Perkinsus spp. infection on bivalve physiology remains
equivocal and observed effects were often limited to heavily infected animals.

Impact of environmental changes 
Environmental factors including pollution can influence both dynamics and balance of host-parasite
interactions. Temperature and salinity are two important factors regulating perkinsosis development and
advancement. Disease prevalence and infection intensity of P. marinus increase with increasing salinity and
temperature, both in nature and under laboratory conditions (e.g., Andrews 1988, Chu et al. 1993, Chu and
La Peyre 1993b, Burreson and Ragone-Calvo 1996, Ragone Calvo et al. 2000, Villalba et al. 2004). However,
the influence of these two parameters on P. olseni prevalence and infection intensity is not as consistent as
for P. marinus. Perkinsus olseni infection of R. decussatus in Galicia was related to the seasonal temperature
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pattern in the study reported by Villalba et al. (2005), but such a relationship was not found in studies by
Leite et al. (2004) in R. decussatus (Portugal) and by Flye Sainte Marie (2007) in R. philippinarum (France).

Environmental factors including pollutants and toxicants are thought to affect disease
progression/regression by modulating host immune system and physiology as well as the parasite’s
virulence and physiology (Fig 9.).

Fig. 9. General presentation of the influence of environmental factors on bivalve-Perkinsus spp. interactions.

Temperature and salinity have been reported to modulate a number of defense-related activities. Generally
the number of circulating hemocytes in C. virginica (susceptible to P. marinus infection) increased with the
increase of temperature and in vitro, temperature enhanced hemocyte locomotion, spreading, and
phagocytic abilities (Feng and Canzonnier 1970, Fisher and Tamplin 1988, Chu and La Peyre 1993b, Chu
2000). On the contrary, lysozyme level in C. virginica decreased at elevated temperature (Chu and La Peyre
1993b). As in C. virginica, defense related activities in clams R. philippinarum (susceptible to P. olseni
infection) were also modulated by temperature (Paillard et al. 2004, Soudant et al. 2004, Flye Sainte Marie
2007). Number of circulating hemocytes in clams generally increased with the increase of temperature in
both field and laboratory studies. Leucine amino-peptidase (a lysosomal enzyme) and lysozyme increased
at higher temperatures in experimental conditions (Paillard et al. 2004). Ambient salinity was also reported
to affect defense related activities in both clams and oysters, but its effect was not as consistent as
temperature effect (Fisher and Newell 1986, Chu et al. 1993, Reid et al. 2003). However, it is difficult to know
to what extent the changes of these defense related activities affect the survival and multiplication of
Perkinsus since changes in temperature and salinity are likely to affect the survival and proliferation of
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Perkinsus spp. within its host. Indeed, in in vitro studies, viability, proliferation, virulence factor expression,
and metabolic activities of P. marinus were shown to be affected by temperature (Dungan and Hamilton
1995, Gauthier and Vasta 1995, Volety and Chu 1997, O'Farrell et al. 2000, Chu et al. 2003, Soudant et al. 2005,
Ford and Chintala 2006) and by salinity (La Peyre et al. 2006). Although less studied than P. marinus, viability,
metabolic activity and proliferation of P. olseni are also influenced by salinity (La Peyre et al. 2006).
Additionally, both temperature and salinity have a marked influence on in vitro zoosporulation of Perkinsus
spp. (Chu and Greene 1989, Auzoux-Bordenave et al. 1995, Casas et al. 2002a).

Disease progression of P. marinus in C. virginica has been observed to be enhanced by environmental
pollution such as TBT exposure (Fisher et al. 1995, Anderson et al. 1996) and by PAH-contaminated
sediments (Chu and Hale 1994). It was hypothesized that contaminants/pollutants impair the host defense
capacities, thus diminishing its resistance to latent or experimentally initiated P. marinus infection.

It is interesting to note that P. olseni infection intensity temporarily regressed upon exposure to the harmful
algae Karenia selliformis (da Silva et al. in press). This negative effect of K. selliformis on P. olseni viability was
further confirmed by in vitro experiments (da Silva et al., in press). It was thus speculated that harmful algae
may act directly on the parasite and may provide a short duration relief for the host even though several
harmful algae including K. selliformis are considered as stressors for bivalves and caused suppression of
their cell-mediated defenses (Hégaret and Wikfors 2005a, b, Hégaret et al. 2007, da Silva et al. in press).

Food availability and quality of bivalves have drawn little attention in terms of host-parasite interactions
even though they have been demonstrated to modulate defense related mechanisms (Hégaret et al. 2004,
Delaporte et al. 2003, Delaporte et al. 2006a, Delaporte et al. 2006b, Delaporte et al. 2007). Also, reproductive
activity, which is tightly regulated by seasonal temperature and food availability, may interfere with the host
response to Perkinsus spp. infection and its progression.

Conclusion and perspectives
A mountain of information has been generated since the late 80s concerning interactions between bivalves
and Perkinsus spp. This information has provided some clues about the strategies employed by the host and
the parasite in counteracting each other for survival. The following highlights the knowledge we have
obtained regarding the interaction between the host and the parasite.

-  The outcome of host-parasite interaction is regulated not only by intrinsic factors of the host
(defense factor and physiology) and the parasite (virulence factors), but also by various
environmental factors including pollution.

- Perkinsus infection can be fatal to its host clams and oysters, many of them succumb to death due
to heavy infection.

- Both oysters and clams express specific cellular and humoral responses to Perkinsus infection.
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- Perkinsus spp. derived virulence factors could be inducible and/or modulated by host derived
compounds.

- Environmental factors such as temperature and salinity modulate not only the host’s defense
related activities, but also the replication and development of the parasite.

Despite the gain in our knowledge, what puzzles us the most is that there is no “obvious warning” signals
until the host is closed to death. Significant changes in host’s physiology and immune-related parameters
were observed only in hosts heavily infected with Perkinsus spp. The observed low or insignificant
physiological impacts on the host during disease development and progression are believed to be due to
large individual variation among the tested animals and to environment-driven modulation. Similarly, only
few studies were able to establish a relationship of parasite burdens to one or several
physiological/immunological parameter(s) at the individual level, since responses to Perkinsus infection vary
greatly among individuals. Although the basis for this high individual variability is not well-understood, it
could confound and/or mask the effect of the Perkinsus infection on the host. The invertebrate innate
immune system might have been underestimated and over-simplified (Loker et al. 2004). It has been
suggested that invertebrates could produce diversified immune molecules with expression pattern differing
between individuals (Loker et al. 2004). If this is true, then it may explain part of the individual variability
observed in host responses upon Perkinsus spp. infection.

We suggest that future study should address the following questions: (1) what would be the alternative
approaches to counter the “individual variability”? (2) Is “individual variation” derived from genetic variability
and/or from phenotypic plasticity? (3) Is there an existence of “micro-environment” at individual level? (4)
Should study be expanded to “population” level with much larger sample sizes? And (5) will the outcome of
the interaction with Perkinsus spp. differs between “resistant” and “susceptible” populations/families? 

Finally, though we might not have used the right tools and assays to assess the hosts’ immulogical and
physiological responses to Perkinsus infection, we cannot reject the fact that hemocytes are the main line
of cellular defense against the parasite’s invasion and that intra- and extra-cellular killing have occurred via
synergistic effects of lysosomal enzymes and ROS. Bivalves possess a defense system equipped with both
plasma- and hemocyte membrane-associated molecules that bear carbohydrate recognition domains
capable of recognizing a broad group of microbes. In light of the recent accomplishments in identifying and
characterizing bivalve lectins and employments of transcriptomic and genetic technologies to assess
specific host immune response and parasite virulence factors, a breakthrough, unveiling the bivalves-
Perkinsus spp interaction complex at cellular and molecular levels, is expected to be forthcoming.
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MOLECULAR RESPONSES OF AMERICAN OYSTERS TO INFECTION WITH
THE PROTOZOAN PARASITE PERKINSUS MARINUS:
LESSONS FROM THE FUNCTIONAL GENOMICS 
AND CANDIDATE GENE APPROACHES

Marta Gómez-Chiarri
University of Rhode Island, Kingston, Rhode Island, USA.

Knowledge of the oyster defense systems and the mechanisms used by parasites to evade oyster
responses is crucial in developing strategies for promoting disease resistance and managing epizootics.
The goal of our research is to study the molecular mechanisms underlying responses of oysters to
parasitic infection, using both functional genomics and candidate gene approaches. Several genes
upregulated in oysters in response to experimental infection were identified from a suppression
subtractive hybridization library, including arginine kinase and histone H4. Oyster histone H4 has
antimicrobial activity against bacterial pathogens both in vitro and in vivo, but not against cultured P.
marinus. Candidate molecules whose levels were affected by infection with P. marinus in oysters
included nitric oxide and matrix metalloproteinases. Nitric oxide caused significant inhibition of the
proliferation of P. marinus cultured cells. Furthermore, temporary inhibition of nitric oxide synthase in
oysters resulted in a transient increase in the severity of infection, indicating that nitric oxide has a role
in decreasing parasite loads at early time points after infection. Oyster matrix metalloproteinases are
produced by migrating hemocytes and by epithelial cells in the mantle and the lining of digestive
tissues, suggesting a role for these proteins in immune defenses. Genetic and biochemical
characterization of these molecules in oyster lines with different levels of resistance to P. marinus
infection could provide important clues on the role of these molecules in disease resistance.
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DIFFERENTIALLY EXPRESSED IMMUNE GENES IN RESPONSE TO
PERKINSUS OLSENI INFECTION IN CLAM RUDITAPES DECUSSATUS

María Prado, Camino Gestal, Beatriz Novoa, Antonio Figueras
Instituto de Investigaciones Marinas. CSIC. Spanish National Reference Laboratory for Mollusc Diseases.
Eduardo Cabello 6. 36208 Vigo. Spain.

The mollusc internal defence mechanisms involve cell-mediate and humoral reactions that
interplay to recognize and eliminate pathogens. In addition, some pathogens, mainly intracellular
protozoan parasites such as Perkinsus, induce the suppression of some host immune reactions in
order to favour their propagation within the host. To understand the host-pathogen interaction and
the immune response of clams to parasite infection, a Suppression Subtractive Hybridization (SSH)
method was employed to characterize differentially expressed genes. A forward subtraction was
used to identify up-regulated genes (genes expressed in infected tissues compared with controls
non-infected) and a reverse subtraction to identify down-regulated genes (genes expressed  in
controls compared with infected ones) in both hemocytes and gills of clams infected with Perkinsus
olseni. A total of 150 clams were individually analyzed for the presence of P. olseni, and only those
individuals identified as highly infected and non infected using FTM and specific PCR reactions were
selected for the study. The RNA extracted from hemocytes and gills were processed for SSH library
and transcriptome analysis. A collection of differentially expressed ESTs, identified as up-regulated
or down-regulated genes was obtained, and putative functions were assigned to 22,5% of the 234
sequenced cDNAs. Based on sequence similarities, 8,7% of genes expressed differentially in
infected or non infected clams, can be implicated in immune functions. In addition, and in order to
analyse the immune response progression and the gene expression pattern of clam hemocytes
against this pathogen, in vitro P. olseni infection was carried out and Q-PCR analysis of the
previously selected immune genes were performed at different infecting times, including chronic
natural infections. The obtained results provide new insights into the molecular basis of host-
pathogen interactions in R. decussatus clams, and will help to identify potential gene candidates for
further investigation into the functional basis of resistance to pathogens.
Supported by Marie Curie ERG-CT-2005-518007 from EU, and by the Spanish MEC AGL2003-
02454.
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DOES PERKINSUS OLSENI PARASITE RESPOND 
DIFFERENTLY TO DIVERSE BIVALVE CHALLENGE?

Rita M.T. Ascenso, Ricardo B. Leite, Ricardo Afonso, M. Leonor Cancela*
*CCMAR/ University of Algarve, Campus de Gambelas, Faro 8005-139, Portugal

The protozoan pathogen Perkinsus olseni (Lester and Davis, 1981) is the causative agent of
perkinsosis, a disease that affects the Portuguese clam Ruditapes decussatus (Linnaeus,
1758). This carpet shell clam plays a very important role in the social economical context of
the Algarve coastal regions, mainly due to the size of the fleet and the number of fishermen
involved in this activity, as is also the case with other bivalves like Donax trunculus (Linnæus,
1758), also a very important fishing target in this region, but which is not infected by P. olseni.
Relatively little is known about the molecular response of the parasite, P. olseni to its
preferential host, R. decussatus or to other bivalves that can also become infected, like the
clam R. philippinarum (Adams and Reeve, 1850) or not susceptible to perkinsosis, like the
wedge shell clam, D. trunculus.

The main goal of this work was to identify a pool of parasite genes which become up-
regulated upon contact with its host, R. decussatus, hemolymph, and compare it to what is
observed when the parasite contacts other bivalves’ hemolymph. A suppression subtractive
hybridization (SSH) method was employed, allowing identification and initial characterization
of genes expressed by parasite trophozoites during initial interaction. A macroarray was
constructed with those parasite genes of interest and then used to check if they were also
up-regulated when the parasite was in the presence of other bivalves. The array was
hybridized with the parasite transcriptome collected when its trophozoite cells were
exposed to various bivalves’ hemolymph. Our data provides evidence for a differential
response from the parasite trophozoites to the diverse bivalves’ hemolymph when
challenged in vitro.

RMA and RL are recipients of PhD fellowships from the Portuguese Science and Technology
Foundation (FCT). This work was partially funded by projects PTarget (FCT) and AMBIPERK
(DGPescas).
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EVALUATION OF PERKINSUS INFECTION LEVELS WITHIN A
VARIABLE RANGE OF TEMPERATURES AND SALINITIES IN CLAM
RUDITAPES DECUSSATUS. EFFECT ON CLAM OXIDATIVE STRESS
AND EXPRESSION OF ANTIOXIDANT-RELATED GENES

Ricardo B. Leite1, Ricardo Afonso1, Márcio Simão1, Sandra Joaquim2,
Domitilia Matias2, M. Leonor Cancela1

1CCMAR, Universidade do Algarve, Faro 8005-139, Portugal.
2 INIAP-IPIMAR- CRIPSul - Tavira, Portugal.

In Portugal, the culture of bivalve molluscs, mainly the culture of clam Ruditapes decussatus,
represents a major fraction of molluscan mariculture. However, clam production may be subject
to various limiting factors including mortality outbreaks. It has been hypothesised that these
outbreaks are the result of multiple factors, including temperature fluctuations, sexual
maturation, physiological stress, pathogens and pollutants. Temperature and salinity are two of
the most significant abiotic factors in estuarine ecosystems. It affects almost all facets of clam
physiology, from the basic structures of macromolecules to the turnover rates of complex
physiological systems, including the induction of oxidative stress.
We have studied the effects of these two factors (salinity and temperature) on in vivo
proliferation of Perkinsus by submitting several groups of clams to different variables of
temperature/salinity and comparing control groups (with a known initial infection level) with
groups of previously infected clams in the laboratory with Perkinsus. In parallel, we investigated
the influence of different temperatures (15, 20, 23/27ºC) in oxidative stress levels and on the
expression of antioxidant genes like ferritin and metallothionein. Stress values were correlated
with gene expression, using thiobarbituric acid reactive substances (TBARS) and
carbonylprotein (CP) assay to determine antioxidant response and compare data with patterns
of gene expression for selected markers evaluated by Real-time PCR. Results indicate that
temperature and salinity affects Perkinsus infection levels and there is a significant correlation
between antioxidant response and expression of genes used as stress markers.
This work was partially funded by project PTARGET POCI/CVT/57982/2004 and Ambiperk (22-05-
01-FDR-00020) 
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IDENTIFICATION OF EASTERN OYSTER HOST 
DEFENSES AGAINST PERKINSUS MARINUS

Jerome La Peyre1, Qing-Gang Xue1, Naoki Itoh2,
Kevin Schey3, John Supan4

1Department of Veterinary Science, Louisiana State University Agricultural Center,
Baton Rouge, Louisiana, USA 70803.

2Tohoku University, 1-1 Tsutsumidori Amamiya-machi, Aoba-ku,
Sendai 981-8555 Miyagi, Japan.

3Department of Cell and Molecular Pharmacology,
Medical University of South Carolina, Charleston, South Carolina, USA 29425.

4Office of Sea Grant Development, Louisiana State University,
Baton Rouge, Louisiana, USA 70803.

Identifying anti-Perkinsus marinus factors in eastern oysters can lead to their use as
selection markers to accelerate breeding for increased P. marinus resistance while
avoiding the pitfalls of traditional selective breeding programs such as inbreeding.
Despite significant research devoted to the study of oyster immunity and identification
of potential host defense factors, the exact role these factors play in resistance to
specific oyster pathogens such as P. marinus has yet to be determined. Providing
evidence to show a factor plays a specific role in the oyster host defense against P.
marinus necessitates demonstrating (1) the factor is detrimental to P. marinus at
physiologically relevant concentrations, (2) the factor is found at higher concentrations
or levels of expression in oysters with increased resistance to P. marinus and (3) that
disrupting the factor’s expression (e.g., by RNAi) lowers oysters’ resistance to P.
marinus. At least two proteins, cv-lysozyme 1 and cvSI-1, have been purified from
eastern oyster plasma and shown to inhibit the growth of P. marinus in vitro. Molecular
tools are now being used to define the role these proteins play in the oyster host
defense against P. marinus. Hemocyte proliferation and removal of foreign particles
from eastern oysters also appear to be important mechanisms for P. marinus
resistance. Finally, ongoing genomic and proteomic projects should greatly expand the
identification of factors potentially involved in P. marinus recognition, in triggering the
production of antimicrobials, and in P. marinus killing or elimination.
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IMMUNE REACTION OF VENERID CLAMS 
TAPES PHILIPPINARUM AND T. DECUSSATUS
AGAINST PERKINSUS OLSENI INFECTION

Juan F. Montes, Mercè Durfort, José García-Valero
Departament de Biologia Cel·lular, Facultat de Biologia, Universitat de Barcelona, Avda. Diagonal, 645,
08028 Barcelona, Spain.
Centre de Referència de Recerca i Desenvolupament en Aqüicultura (CRAq) de la Generalitat de
Catalunya.

Protozoa belonging to the genus Perkinsus are major disease agents in marine molluscs and
have been associated with extensive mortality in bivalves and gastropods worldwide. On the
Atlantic and Mediterranean coasts of Europe, parasitism by P. olseni, previously described as
P. atlanticus, has been associated with epizootic outbreaks involving large-scale mortalities
of commercially valuable venerid clams of the genus Tapes (= Ruditapes = Venerupis), such
as the indigenous species T. decussatus and the introduced species T. philippinarum (= T.
semidecussatus = T. japonica). In these clams, P. olseni infection elicits a singular host
reaction, quite unlike those described in other molluscs against several infectious agents.
The parasite interacts specifically with the host defence system, provoking an inflammatory
response involving the infiltration of granule-containing haemocytes. The holocrine secretion
by the granulocytes gives rise to the encapsulation of the trophozoites. This encapsulation
could block trophozoite dissemination, even though this cellular reaction could obliterate the
blood sinuses of the clam and, thus, be the eventual cause of the host death. The main
component of the capsule is a slightly glycosylated polypeptide with a molecular weight of
about 225 kDa (p225). The immunolocalization of this polypeptide, by means of a specific
serum, shows that p225 is stored in the granules of the granulocytes, and is secreted, in a
polarized way, around the trophozoites, leading to their encapsulation. Moreover, the
absence of this polypeptide in non-parasitized specimens, confirmed by Western-blot and
immunolocalization, indicates that p225 is produced de novo in response to the parasitosis.
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LECTINS (MCLs) FROM THE MANILA CLAM RUDITAPES 
PHILIPPINARUM ARE INDUCED UPON INFECTION WITH 
BACTERIAL AND PROTOZOAN

Moonjae Cho1, Kyung-Il Park,2 Kwang-Sik Choi3
1Department of Biochemistry, College of Medicine, Cheju National University, 66 Jejudaehakno, Jeju
690-756, Republic of Korea.
2Korea Polar Research Institute, Inchon Korea.
3School of Applied Marine Science, Cheju Natioinal University, 66 Jaejudaehakno, Jeju 690-756,
Republic of Korea.

Carbohydrate binding proteins (lectins) are widely expressed in many invertebrates although
their biosynthesis and functions are not well understood. Here we report that Manila clam
(Ruditapes philippinarum) synthesizes lectin termed Manila clam lectin (MCL) only after
infection with the protozoan parasite Perkinsus olseni. MCL is synthesized in hemocytes as a
~74 kDa precursor and secreted into hemolymph where it is converted to 30 kDa and 34 kDa
polypeptides. The synthesis of MCL in hemocytes is stimulated by a factor(s) in Perkinsus-
infected hemolymph, but not directly by Perkinsus itself. MCL can bind to the surfaces of
purified hypnospores and zoospores of the parasite. Fluorescent beads coated with purified
MCL were actively phagocytosed by hemocytes from the clam. To elucidate the carbohydrate
binding specificity of MCL we examined MCL binding to an array of biotinylated glycan array.
The results indicate a preference of the lectin for terminal non-reducing -linked GalNAc as
expressed within the LacdiNac motif GalNAc1-4GlcNAc1-R and for glycans with terminal, non-
reducing -linked Gal residues. Our results show that the synthesis of MCL is specifically
upregulated upon parasite infection of the clams and may serve as an opsonin through
recognition of terminal GalNAc/Gal residues on the parasites. Perkinsus infection also induced
several lectins as host defence molecules.Among 7 lectins induced by Perkinsus infection, two
full length cDNAs of lectins were cloned. MCL-3, which is a simple C-type lectin composed of
151 amino acids, has a relatively short signal sequence of 17aa and single carbohydrate-
recognition domain (CRD) of ~130 residues. It is highly homologus to eel C-type lectin. The
sequence of mc-sialic acid-binding lectin consists of 168 amino acid residues with molecular
weight of 19.2 and shows high homology to sialic acid-binding lectin from snail, Cepaea
hortensis. The expression of 7 different lectins in hemocytes was analyzed by RT-PCR using
gene-specific primers. Hemocytes from Perkinsus-infected clam expressed different sets of
lectins than with Vibrio infection. These results demonstrate that several lectins are involved in
Manila clam innate immunity and different challenges induce expression of different lectins.
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EFFECTS OF HARMFUL ALGAE KARENIA SELLIFORMIS
ON PERKINSUS OLSENI BURDEN AND IMMUNOLOGICAL 
RESPONSES OF THE MANILA CLAM RUDITAPES PHILIPPINARUM

Patricia Mirella da Silva1, Hélène Hégaret2, Christophe Lambert1, Gary Wikfors3,
Thibaut De Bettignies1, Nelly Le Goïc1, Sandra Shumway2, Philippe Soudant1

1Université de Bretagne Occidentale – IUEM, LEMAR CNRS UMR 6539,
Place Nicolas Copernic, Technopôle Brest Iroise - 29280 Plouzané, France.
2University of Connecticut, Department of Marine Sciences, 1080 Shennecossett Road,
Groton, CT 06340 USA.
3Milford Aquaculture Laboratory - NOAA - NMFS, 212 Rogers Avenue, Milford, CT 06460 USA

The present work evaluates the progression of the infection by Perkinsus olseni and the
immunological responses of the Manila clam Ruditapes philippinarum after exposure to a
simulated harmful bloom of Karenia selliformis. Additionally, in vitro tests have been
conducted to understand the possible interactions between clam haemocytes or P. olseni and
this dinoflagellate. Clams were exposed during 6 weeks to K. selliformis (102 and 103 cell ml-1).
Haemocyte parameters were measured by flow cytometry: cell viability, cell size and
complexity, apoptosis, phagocytosis, and production of reactive oxygen species. Agglutination
activity, protein concentration and condition index were also assessed. Samples were
collected after 0, 2, 3 and 6 weeks of exposure. The harmful alga K. selliformis caused a
significant decrease in haemocyte size and percentage of apoptosis. By contrast, P. olseni did
not strongly affected clams, only haemocyte size increased in clams heavily infected. After 2
and 3 weeks, prevalence and P. olseni burden decreased in clams fed K. selliformis, but after
6 weeks this effect disappeared. In vitro tests, exposing P. olseni to K. selliformis, revealed a
direct alga toxicity upon parasite, by reducing viability and altering morphology. When clam
haemocytes are directly exposed to K. selliformis, it caused a significantly reduction in viability,
complexity, phagocytosis and adhesion capability.
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IMPACT OF PERKINSUS OLSENI INFECTION ON HEMOCYTE 
AND PHYSIOLOGICAL PARAMETERS OF MANILA 
CLAM RUDITAPES PHILIPPINARUM

Jonathan Flye-Sainte-Marie, Philippe Soudant, Cristophe Lambert, P. Mirella da Silva,
Christine Paillard, Frédéric Jean
UMR6539 Institut Universitaire Européen de la Mer, Université de Bretagne Occidentale, place Copernic,
Technopôle Brest-Iroise. 29280 Plouzané, France

From July 2004 to September 2005, sixty clams ranging from 20 mm to 50 mm length were sampled
monthly in Golfe du Morbihan, a rearing site affected by perkinsosis in Brittany (NW France). On each
individual, hemolymph was sampled to assess hemocyte parameters (hemocyte size and
complexity, hemocyte counts and phagocytosis) by flow cytometry (FCM). Gills were sampled for
estimation of  Perkinsus olseni infection according to Park et al. (2001). Length, flesh dry weight and
shell dry weight were measured and condition index was calculated as dry weight meat/dry weight
shell x 100.
Our results showed that neither prevalence nor infection intensity showed a clear seasonal pattern.
Prevalence varied between 30% and 70%, lowest values were observed in March and August;
highest values were observed in October and January. Average intensity of infection (i.e. the gills
parasite burden) by sampling date was not correlated to prevalence and varied between 1x104 to
2x105 parasites per g WW. Interestingly, Perkinsus olseni burden was positively and significantly
correlated to shell length (R2=0.88) as previously reported by Villalba et al. (2005). FCM allowed to
distinguish two haemocyte populations (hyalinocytes and granulocytes) and aggregated
heamocytes. Most of hemocyte parameters were greatly influenced by seasonal variation, and little
of the variance of these parameters could be attributed to P. olseni infection. Although granulocyte
concentration was greatly influenced by seasonal variation and positively correlated to sediment
temperature, it was significantly increased by  P. olseni infection. Granulocyte concentration was
consistently higher in diseased animals and the impact of P. olseni appeared increasingly important
when shell length decreased. Our observations confirm that perkinsosis can modulate hemocyte
parameters in bivalves although, on this site, variance of clams haemocyte and physiological
parameters was mainly explained by environmental factor variations. The mild impact of P. olseni in
Brittany (NW France) contrasts with the situation in Korea or in the South of Europe (Spain, Portugal)
where P. olseni infection is more intense and has been associated to high mortality and/or great
physiological perturbations of clams in natural beds.
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EXPERIMENTAL INFECTION WITH PERKINSUS OLSENI IN RUDITAPES
DECUSSATUS: DISEASE PROGRESSION AND EFFECTS ON 
PHYSIOLOGICAL PROCESS IN THE CARPET SHELL CLAM

J.I. Navas1, R. de la Herrán2, I. López-Flores1, I.M. García-Pardo1, A.S. Naranjo1,
M. Ruiz-Rejón2, J.C. Manzano3

1 IFAPA, Centro Agua del Pino, Consejería de Innovación Ciencia y Empresa, Junta de Andalucía. Crta. Punta Umbría-
Cartaya s/n. 21450, Cartaya (Huelva), Spain.
2 Departamento de Genética, Facultad de Ciencias, Universidad de Granada. 18071, Granada, Spain.
3 IFAPA, Tabladilla s/n. 41071 Sevilla, Spain

Perkinsus-free carpet shell clams were each experimentally infected with 106 mobile zoospores of Perkinsus
olseni . After infection, circulating haemocytes, total protein and lysozyme, and the acid phosphatase acti-
vities in serum were analysed for 7 months. The gonadosomatic index (GSI) was also calculated. The pro-
gression of infection was monitored in gills by Ray’s method and the spread of Perkinsus cells through the
clam tissue was screened by in situ hybridization.
After 6 months, the effects of the infection on clam metabolism were evaluated as measured by oxygen upta-
ke and nitrogen excretion. Moreover, alanine and aspartate transaminase (ALT and AST), lactate dehydroge-
nase (LDH) activities and alanine accumulation in digestive gland were analysed at the end of the experiment.
The infection progressed to grade 5 of Mackin’s scale in 7 months at 20ºC. However, no significant differen-
ces in mortalities were found between the infected and uninfected clams. The gill analysis showed that it is
possible to detect Perkinsus after 4 days post-infection by Ray’s method. The number and size of pre-zoos-
porangia increased with the time and their distribution in gill was initially at random (Poisson distribution)
but it changed quickly to a contagious profile (negative binomial).
Two-way (infected/uninfected and days post-infection) ANOVA analyses indicated that the haemocyte con-
centration, granulocyte ratio, and lysozyme activity were significantly greater in infected clams. A significant
difference was also found in GSI between infected and uninfected clams throughout the experiment.
In situ hybridizations showed that P. olseni zoospores can infect all exposed epithelia, showing a preferen-
ce for the digestive tract, the oesophagus epithelium in particular. The parasite reaches the connective tis-
sue quickly inside haemocytes and spreads by all organs in 2-4 days. Immature trophozoites are visible in
48 h. Palintomic divisions were evident in connective tissue but possible plasmodial stages in epithelia were
observed. Diapedesis across gill, labial palps and digestive epithelia were detected mainly after two months.
The standardized rate of oxygen consumption and ammonia excretion was significantly lower in infected
clams. ALT, AST, LDH activities and alanine concentration were greater, but not significantly so, in infected
clams. These results, and the serious gill damage detected 7 months after infection, support the hypothesis
that aerobic metabolism could be prone to anaerobiosis under heavy infection by P. olseni.
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ENERGETIC COST OF PERKINSOSIS IN THE CLAMS 
RUDITAPES PHILIPPINARUM AND RUDITAPES DECUSSATUS,
A MODELLING APROACH?

J. Flye-Sainte-Marie, F. Jean.
UMR6539 Institut Universitaire Européen de la Mer, Université de Bretagne Occidentale, place Copernic,
Technopôle Brest-Iroise. 29280 Plouzané, France

Effect of P. olseni / P. atlanticus infection on growth, reproduction and condition of the clams R.
philippinarum and R. decussatus has been recently reported. Such studies emphasized the
deleterious effects of perkinsosis on these three parameters leading to the conclusion that the
parasite affects the energy budget of its host.
The Dynamic Energy Budget (DEB) theory provides a general conceptual frame for modelling
host-parasite interactions, using mechanistic formulations of energetic relationships. Such a
model is already being applied to study the energetic cost of the brown ring disease (a bacterial
disease) in the clam R. philippinarum. This generic conceptual frame and the host model could
provide a strong basis for an individual-based modelling approach of energetic cost of
perkinsosis in the clams R. philippinarum and R. decussatus.
Such a modelling approach will provide a useful tool to better understand the linkages between
environmental parameters (temperature and available food for the host) and the development
of perkinsosis. Furthermore, such an individual model can be up scaled to the population level
and could help to assess ecological and economic implications of the development of
perkinsosis.
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Three main issues were discussed during the round table of the fifth session of the workshop:
· Genetic selection for disease resistance using natural stocks/populations that show disease resistance,
genetic stocks with highest performance in terms of growth and survival, and stocks with specific resis-
tance markers; and by directly challenging stocks and families with Perkinsus
· Differences in humoral and cellular responses between host species.
· Importance of employing “omic” techniques on Perkinsus study.

Genetic selection for disease resistance
Although it was successful in the past to produce oyster strains more resistant to the disease (MSX) caused
Haplosporidium nelsoni via selective breeding, selection for resistance to the disease (Dermo) caused by
Perkinsus marinus has been more difficult to achieve. Naturally occurring disease resistance remains as an
epiphenomenon and is still poorly characterized.

Protocols and experimental conditions for disease transmission were discussed during this session. It is
believed that inoculation of trophozoites into the animals and following their development could help to
understand how infection spreads within the host. Selecting populations according to their
resistance/susceptibility levels to experimental infection may lead to the discovery of genetic markers.
Nevertheless, the experimentally selected “resistant” and “susceptible” populations needed to be further
tested in the field, in rearing area endemically affected by Perkinsosis.

It was anticipated that in a few years it might be possible to have or to find Perkinsus “resistant” bivalve
stocks and/or populations. Research in this area is more advanced in the case of Eastern/American oysters
(susceptible to P. marinus) and progress has been made while study in clams (susceptible to P. olseni) is still
in its very preliminary stage.

ROUNDTABLE OF THE SESSION 
“HOST-PARASITE INTERACTIONS”

Philippe Soudant1, Ricardo Leite2

1Laboratoire des Sciences de l'Environnement Marin, UMR 6539, Institut Universitaire Européen de la Mer,
Université de Bretagne Occidentale, Place N. Copernic,Technopôle Brest-Iroise, 29280 Plouzané, France.
2CCMAR-Centro de Ciências do Mar, Universidade do Algarve, Campus de Gambelas, Universidade do Algarve,
8005-139 Faro, Portugal.

woper2  14/3/08  11:01  Página 122



Although it is still too soon to consider genetic selection a valid approach for the Perkinsus problem, it may
lead to a better understanding of  host-parasite interactions.

Differences in cellular and humoral responses among host species.
Presentations of this session highlight the existence of differences in host defense between oysters and
clams and different parameters that influence Perkinsus infection. Reports point out that there are different
intrinsic and extrinsic factors regulating the disease progression and development. Seasonal variation of
temperature and salinity are very well correlated with P. marinus infection prevalence and intensity in
eastern oysters. But for clams there are lots of uncertainties of the factors that regulate P. olseni virulence
and proliferation. Thus, it appears that factors modulating P. marinus and C. virginica interactions are
different from those involved in P. olseni interaction with R. decussatus or R. philippinarum.

Differences in response to Perkinsus infection among species were discussed. On one hand, it is still unclear
why the two closely related oyster species, C. gigas and C. virginica show different tolerance to P. marinus.
On the other hand, it puzzles us that molluscs with distant phylogenetic relationship, clams (in Europe and
Asia) and abalones (only in Australia) are susceptible to the same parasite P. olseni.

Importance of genomic, metabolomic and proteomic techniques on Perkinsus study.
Importance of genomic, metabolomic and proteomic knowledge of Perkinsus was widely discussed during
the session. Genomic and transcriptomic approaches are recognised as a synonymy for the discovery of
new genes and/or biochemical pathways and will contribute to a better understanding of the life cycle,
pathogenicity and physiology of Perkinsus spp.

Indeed, Perkinsus spp. have recently been reported to possess specific ways to acquire nutrients from the
host and allow them to better adapt to environment outside the host as free living stage. Such strategies
could result in a better survival rate and adaptation to various environmental and host conditions. This may
be why Perkinsus is capable of infecting not only bivalves, but also abalone.

It was concluded that employment of “omic” tools together with cellular and biochemical assays to study
Perkinsosis is most welcome. Furthermore, directing efforts to increase our knowledge on host and parasite
genomics would help to understand the molecular determinants of the host immune response and the
virulence of Perkinsus.

Of course, lots of work remain to be done in order to better characterize Bivalves-Perkinsus spp.
interactions, and uncover new ways to effectively contain/eliminate Perkinsus infection and rejuvenate the
shellfish industry.
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“EFFECTS ON SHELLFISH INDUSTRY”

Rosa Fernández, María Pérez,
Centro Tecnológico del Mar. Fundación CETMAR,
Eduardo Cabello, s/n, E-36208 Vigo, Spain
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PERKINSOSIS AND CLAM INDUSTRY IN EUROPE

1. Perkinsosis: a global problem that threatens the European shellfish production.

Some species of the genus Perkinsus cause disease in commercially important shellfish species (oysters,
clams, abalones, scallops…), resulting in severe economic losses for this industry. Perkinsosis may have
crucial consequences for shellfish industry in many different places around the world and one of the
affected areas is Europe. P. olseni affects molluscs from European –Atlantic and Mediterranean- and Asian
and Australasian coasts, and has recently been demonstrated to be causing mass mortalities of Ruditapes
philippinarum in South Korea, what strengthens the hypothesis of disease spreading through the world due
to clam transfers. This is supposed to be, in combination with other influencing factors, a consequence of
international trade movements.

As well as P. olseni, five more species of the genus Perkinsus, affecting relevant commercial mollusc species
in different parts of the world, have been described: P. marinus, P. qugwadi, P. chesapeaki, P. andrewsi. There
are recent published reports on shellfish mortalities caused by this parasite in Japan and Thailand, and
parasites of this genus have been blamed of mass mortalities of various marketed clam species in
Mediterranean and Atlantic coasts of Europe since early 1990s. Relatively recent is the inclusion of a new
species of this genus, Perkinsus mediterraneus, in the list of Perkinsus species, affecting commercial or
ecologically important productions, more concretely, it affects European flat oyster (Ostrea edulis).
However, very few reports on quantitative estimates of mortality have been published. The epizootic
outbreak of the parasite, starting in 1960s, affecting the Gulf and Atlantic coasts of USA and causing mass
mortalities of Crassostrea virginica, resulted in a dramatic drop of market –oyster production from two to
three million bushels annually during the 1950s to six thousand in 1993, which means that the oyster
industry in Virginia was destroyed (Andrews 1996).

Perkinsus spp. was blamed for mass mortalities leading to dramatic reduction of Manila clam, Ruditapes
philippinarum, landings in South Korea since 1993: the clam landings were 14,000 tons in 1997, which is one-
fifth of the clam landings in 1990 (Park and Choi 2001). Recent research has shown that the parasite belongs
to the species Perkinsus atlanticus (Park et al. 2002), which is synonym of P. olseni. This parasite has been
found in a Japanese bay with high mortality of Manila clam (Choi et al. 2002) and an epizootic outbreak of
Perkinsus spp. has been blamed for Manila clam mass mortality along the northern Yellow sea coast in
China (Liang et al. 2001). The risk of spreading the disease through increasing international trade of Manila
clams has been pointed out recently as a matter of concern for USA and Mexico (Elston et al. 2003).

“EFFECTS ON SHELLFISH INDUSTRY”

woper3  14/3/08  11:01  Página 127



In Europe, Perkinsus atlanticus –nowadays synonymised with P. olsen- was first detected as responsible for
high mortalities of clams Ruditapes descussatus in Southern Portugal (Azevedo 1989). Ruano and Cachola
(1986) recorded mortalities up to 80% in that area. Santmarti et al. (1995) reported mortalities up to 100% in
cultures of Manila clam of Catalunya (Spain) due to perkinsosis.

However, quantitative information on the mortality that it is causing is scarce. The recent description of the
new species Perkinsus mediterraneus affecting the flat oyster in Balearic Islands (Casas et al. 2004), has
revealed that taxonomy of these parasites in European waters is more complicated than it was thought
previously.

2. Clam Industry in Europe.

Due to the incidence of Perkinsosis in clam species in Europe, and in order to have an idea of the potential
dimension of this problem in EU shellfish industry, on the charts below there are shown some figures about
the evolution of production for most relevant clam species in the EU during the last years.

According to the figures given by the DG Fisheries in “Facts and Figures on the Common Fisheries Policy
2006” clam production is among the 10 most relevant species produced by European aquaculture in 2003,
even if they consider for this ranking only the production of Manila clam. Italy is by far the most relevant
producer.
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TOTAL OF MAIN EU PRODUCERS BY SPECIES (Quantity in tonnes)

Land Area Species Scientific name 2001 2002 2003 2004 2005

France Grooved carpet shell Ruditapes decussatus 1,015 718 325 905 905

Japanese carpet shell Ruditapes philippinarum 1,015 719 325 905 905

Pullet carpet shell Venerupis pullastra 91 100 154 181 161

Italy Grooved carpet shell Ruditapes decussatus - - - - 3,785

Japanese carpet shell Ruditapes philippinarum 55,000 41,139 25,000 27,737 65,893

Portugal Grooved carpet shell Ruditapes decussatus 2,723 3,094 3,186 2,011 1,491

Pullet carpet shell Venerupis pullastra 1 <0.5 - - 2

Spain Grooved carpet shell Ruditapes decussatus 799 250 255 166 101

Japanese carpet shell Ruditapes philippinarum 1,278 901 982 753 1,042

Pullet carpet shell Venerupis pullastra 2,083 111 288 123 300

Ireland Grooved carpet shell Ruditapes decussatus - - 5 5 -

United Kingdom Grooved Carpet Shell Ruditapes decussatus 36 36 23 50 5

United States Japanese carpet shell Ruditapes philippinarum 2,818 2,862 2,975 3,243 3,934

of America*

*Data added only for comparison purposes. Source:Fishstat+-FAO
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PRODUCTION OF CLAM SPECIES IN VALUE (THOUSANDS USD)

Land Area Species Scientific name 2001 2002 2003 2004 2005

France Grooved carpet shell Ruditapes decussatus 5,528.10 5,596.80 3,033.00 7,268.70 7,226.70

Japanese carpet shell Ruditapes philippinarum 5,528.10 5,604.60 3,033.00 7,268.70 7,226.70

Pullet carpet shell Venerupis pullastra 492.40 567.60 898.90 884.40 1,057.00

Italy Grooved carpet shell Ruditapes decussatus - - - - 16,691.80

Japanese carpet shell Ruditapes philippinarum 126,696.8 125,703.5 130,088.0 106,15.40 258,573.6

Portugal Grooved carpet shell Ruditapes decussatus 21,784.00 23,678.80 19,116.00 11,601.30 15,528.10

Pullet carpet shell Venerupis pullastra 7.00 <0,5 - - 5.50

Spain Grooved carpet shell Ruditapes decussatus 9,747.80 3,000.00 2,550.00 1,660.00 1,010.00

Japanese carpet shell Ruditapes philippinarum 7,923.60 5,406.00 4,910.00 3,765.00 5,210.00

Pullet carpet shell Venerupis pullastra 16,247.40 865.80 1,440.00 615.00 1,500.00

Ireland Grooved carpet shell Ruditapes decussatus - - 18.00 18.00 -

United Kingdom Grooved Carpet Shell Ruditapes decussatus 129.60 129.60 82.80 180.00 18.00

United States 

of America Japanese carpet shell Ruditapes philippinarum 13,498.20 13,794.80 13,923.00 14,658.40 16,640.80

Source:Fishstat+ (FAO)

PRODUCTION OF CLAM SPECIES IN TONNES 

2001 2002 2003 2004 2005

Ruditapes decussatus 4,537   4,062   3,771 3,087 6,282   

Ruditapes philippinarum 57,420   42,895 26,484 29,626 68,006   

Venerupis pullastra 2,084   111   288 123 302

PRODUCTION OF CLAM SPECIES (VALUE IN THOUSANDS USD)

2001 2002 2003 2004 2005

Ruditapes decussatus 37,059.90   32,275.60   24,717.00   20,548.00   40,456.60   

Ruditapes philippinarum 140,640.90   137,281.70   138,929.90   118,133.50   272,067.30  

Venerupis pullastra 16,254.40   865.80   1,440.00   615.00   1,505.50
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Looking at the above shown charts, most of the relevant increases of production can be observed to be
concentrated in Ruditapes philipinarum and Ruditapes decussatus, both of which have been importantly
affected by perkinsosis in European production areas, and also in other important production countries in
the world during the last years. Therefore, the potential vulnerability of production can be considered high,
so management and control strategies and their implications when implemented are key factors for
protecting this industry from the affection of this parasite.

This session of the Workshop includes the analysis of two relevant production areas in Europe, the region
of Brittany, in France, and Northern Adriatic, Italy, as well as a presentation of the main regulations and
policies in force for facing this problem in Europe.

Even though probably not with the same profusion than the analysis made for other areas, this introductory
report includes also a picture of shellfish industry in Spain, with special emphasis in Galicia, which is the
most relevant clam production area in this country.

3. Clam Production in Spain

The Spanish production of molluscs is mainly obtained in Galicia and, among other relevant species, clams
and oysters represent 72,07% and 94,19% of national total productions respectively.

3.1. Galicia.

Bivalve harvesting represents an important component of aquaculture activity in this region, where it is
undertaken using two different methods:
The simplest one, a traditional activity, known as “on-foot” shellfish gathering, consists in bivalve collection from
sandy coasts without using any boat and has a great socio-economic significance in Galicia, since more than
5.000 people’s incomes are depending on it, most of which (around 4.300) are women. The species mainly
captured by this mean are Ruditapes decussatus, Venerupis pullastra, and Cerastoderma edule.

CLAM AQUACULTURE PRODUCTION BY AUTONOMUS COMMUNITIES IN SPAIN (TONNES)

AUTONOMOUS 

COMMUNITY 2001 2002 2003 2004 2005

Andalucía 53.50 47.06 81.33 81.86 55.80

Asturias - 62.00 - - -

Cantabria 0.61 2.50 1.67 3.02 1.00

Cataluña 157.32 77.11 91.91 94.10 54.01

Galicia 3,946.86 1,539.86 1,566.84 2,050.46 1,796.92

Total 4,158.29 1,728.53 1,741.75 2,229.44 1,907.73

Source: JACUMAR (Junta Nacional Asesora de Cultivos Marinos)
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On-foot shellfish gatherers operate in intertidal zones and they are organized in two different ways, depending if
they exercise individual exploitation rights in a specific area, usually managed as a family business -parquistas-,
or work in authorised collectively managed areas or free shellfish gathering areas. -mariscadoras-.
Both of them have in common to be in the borderline between fisheries and aquaculture activities.

The second modality, which is called “on-board” shellfish gathering, is practiced by nearly 3.500 people,
mostly men.

Production of bivalves represents about 98% of the total aquaculture production volume in Galicia, and 75%
in terms of value. Mussel production is the most relevant, representing 95% and 60%, respectively. However
there are other species which are also relevant, such as clams, oysters and cockles.

The socio economic importance of these activities does not only have to do with production figures, but also
with tradition and the fact that it is developed in rural contexts. It is also relevant to consider the kind of
employment they generate (much atomised familiar business and women employment) and the impact they
have in other economic sectors direct or indirectly related: depuration facilities, commercialisation,
canning/processing industry, tourism, etc.

4. Clam Production in France

A national census concerning shellfish culture in France, taking into account all shellfish farms, including
hatcheries and nurseries, was carried out in 2002 by the statistics service of the French Ministry of
Agriculture, with collaboration of IFREMER and the National Shellfish-Farming Committee.
Collected data reveal that spat production used in aquaculture comes mainly from hatcheries (95,5%), with
a limited natural production of 4,5%. The global clam marketing production in 2001 was 3.442 tons, of which
59,1% corresponds to cultivated production and 40,9% was harvested. The main clam production area is
South Brittany, concentrated especially in the Bay of Morbihan.
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BIVALVE AQUACULTURE PRODUCTION IN GALICIA (SPAIN)

2003 2004 2005

Kg € Kg € Kg €

Bivalves (total) 251,689,968 14,117,844 298,122,891 170,347,125 210,414,299 124,665,639

Venerupis pullastra 128,266 1,412,285 310,198 3,186,811 268,694 3,019,499

Ruditapes decussatus 213,713 3,506,040 226,426 5,399,276 185,628 4,779,632

Ruditapes philipinarum 1,224,864 8,605,292 1,520,278 9,413,711 1,342,594 7,991,947

Cerastoderma edule - - 1,052,941 3,390,282 508,855 1,332,634

Ostrea edulis 2,200,092 6,247,695 2,574,511 7,653,186 2,608,581 9,351,001

Crassostrea gigas - - 122,940 153,675 244,000 315,505

Source: Aquaculture Yearbook, issued yearly by Consellería de Pesca e Asuntos Marítimos, Xunta de Galicia (available at 
www.pescadegalicia.com )
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French professional shellfish fisheries are organized in two ways: production by hand, which can be done
on foot or free diving and is the modality concentrating most of the licenses given, and dredge fishing.
Licences for fishing boats, allocated to the couple owner/boat, are limited by marine districts and to each
particular fishing area. They are issued by decision of the Regional Committee and enforced by the regional
administration authorities
By-hand fishing requires a special permit, which is issued to each fisherman by French marine authorities
and entitles for applying for the fishing license, issued by the Regional Committee. With this fishing license,
it is possible to obtain the special permit concerning areas and species, also issued by the Regional
Committee. Although it seems to be quite complicated, this new system, only two years old, allows
managing the activity very well.

All the regulations applied are based on own Regional Committee decisions, enforced by the French
regional administration, by means of issuing Decrees.
Some of the fisheries management bases taken into account during this process are listed below:

- official identification and spotting fishing areas;
- sanitary classification of fishing areas;
- prospecting campaign by scientists before opening (often carried out by IFREMER);
- exploitable biomass evaluation and recruitment prospects;
- limitation of the fishing effort and the number of fishermen operating in one area;
- settlement of campaign days, special size, higher than EU commercial size, quotas,… ;
- filling out a specific monthly log book, with details about the capture.

The Bay of Morbihan is divided into areas which are opened for fishing at different time of the year, being
the greatest production from Truscat area (643 tons).

Some decisions, oriented to improve the management of the bay fishing area, have been recently adopted:
- Yearly biomass research is undertaken, in order to determine the maximum sustainable 

production level (set quotas);
- Delimitation for by-hand and dredge fishing areas, for avoiding conflicts between fishermen;
- Control of the fishing effort by issuing limited licenses and determining fishing periods;
- Recruitment of fishing guards and setting of fishing grids and mandatory landing areas, for 

ensuring the regulation compliance.
- Establishment of certain restrictions for fishing, in order to limit the effect of the activity on the 

environment in certain areas, such as the eelgrass meadow.

In spite of being fairly well organised and regulated, French clam industry is still facing some problems with
economic consequences for producers:

· clam diseases, such as the brown ring disease and, occasionally, Perkinsus;
· environmental problems, related to phycotoxins, hydrocarbon pollution, Natura2000 directives for 

birds and habitat protection or neighbourhood problems about ship motors, especially during the 
summertime;
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· non professional fishing competence;
· meeting the balance point between fishermen economic interests and exploitable biomass (res

ponsible and sustainable exploitation);
· management of competition in shared areas between by hand and dredge fishing;
· influence of the Italian market in prices stability;
· economic cost of expenses for French social security.

5. Clam Production in Italy

The Manila clam was introduced in the Venice Lagoon in 1983, but its spread in Italy started only in the 90s.
Its aquaculture is not carried out in the same way throughout the country, but rather localised in North
Adriatic, in particular:

- Region of Friuli: Grado and Marano Lagoons.
- Veneto: Venezia Lagoon and lagoons of  Po river delta.
- Emilia Romagna : Sacca di Goro Lagoon and "Valli"and channels of the Ferrara  province.

There are also some minor productions of clam aquaculture in the lake of Sabaudia (Lazio) and probably in
some water areas and lagoons of Sardinia, such as those of Santa Gilla and Marceddí.

The reality of figures related to this production is extremely complex, both because of the randomness of
data and also because the traded Manila clams come from either natural fishing, managed fishing and
aquaculture. However, with the data available, it is clearly observed how the production had a peak in 1995
(60.000 tons), and declined afterwards. Nowadays it is estimated to be around 40.000 tonnes, and the
greatest production area is the Lagoon of Venice.

Rearing starts in the hatcheries and the pre-growing stage takes until the clams reach 15 mm length, when
they are sown in beds for the growing out, covered with nets for protecting them from predators. All the
growing areas are classified following European criteria for microbiological quality; in particular, all areas in
the lagoon where Manila clam is cultivated are zone B. On the other hand, there are some areas in open see
classified as A, where Chamelea gallina is fished.

At the end of the grow cycles, different types of machinery are used for harvesting, depending if they
are working with high (boat) or low tide. In compliance with European regulation regarding to food safety,
Manila clams produced in Venice Lagoon must go through a depuration process before being
dispatched.

In parallel to this activity and in absence of common development connections, also natural fishing evolved
from manual to mechanical, by using different tools. Manual tools such as “rasca” gave way to mechanical
ones pulled by motor boats, such as “rapido” or “rampone”, as well as some other tools and prototypes
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more or less experimental (“granchio”, modified “rampone”….). Also, especially in the Lagoon of Venice,
“rusca” (also known as “sponter” or “cassa”) is used; or “rasca al traino”, which uses an auxiliary motor.

About 600 motor boats, between 5 and 7 meters long (“barchini”) were fishing in the lagoon in 1998, usually
with 2-3 fishermen on board. These boats, powered by gasoline motors 150-200hp when used for fast
transfers between harbour and fishing sites, had also one or two auxiliary motors of 15-25hp, used in fishing
operations for the advance and cleaning of one or more “rusca”.

Currently there are between 350 and 400 “barchini” equipped with one “rusca”, fishing in the lagoon for
about 150 days per year.

Moreover, during the first half of the 90s, hydraulic dredges (“turbosoffiante”) were used in the lagoon
areas for natural fishing. This is a technique used in Italy for fishing burying molluscs in the open sea, by
using a flexible pipe that injects high pressure water inside a metal cage (“cesto”) as it gets pulled to the
sea bottom, keeping the “cesto” free of sediments. The hydraulic dredge was later experimentally
substituted by the so-called “vibrante”, which washes the sediments off by means of an electric
vibrating gear, shaking the “cesto” and favouring their disposal. This system was introduced for
experimental reasons and only a maximum of five units per day were supposed to be allowed to
operate, but the fact is that, from 1998, all the 83 counted units operated more or less at the same time
for 150 days per year.

As a result, in this kind of fishing carried out not considering the effects of other fishing factors, nor the
overall impact on the environment, the mechanical actions of the tools utilized, necessary since burying
molluscs live in the sediment, imply an amplification of several effects such as:

· morphology and composition modifications of the sea bottom (granulometry and texture). The 
alteration of geotechnical features of the sediment facilitates and favours erosion phenomena of 
the sea bottom;

· resuspension of the sediment with consequential redistribution in the lagoon of fine grained 
material, nutrients and polluting substances contained therein,

· turbidity of the water and subsequent obstacle to algae development (macro and micro algae),
· overfishing of the resource and consequential difficulty for natural resource renewal and 

diminishing returns.
These negative effects could be somehow controlled by means of deriving part of the clam fishing
production to aquaculture, taking into account that, if comparing yields of both kinds of activities, the
necessary area for keeping the production level would be much smaller in case of aquaculture, which would
contribute to reducing the environmental impact.

Furthermore, it would also be possible to develop activities directed to regenerate certain production areas.

For an efficient management of these areas, it would be necessary taking into account some other factors,
such as those activities somehow competing for the utilisation of coastal areas, as well as the presence of
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typical etiological agents, such as Perkinsus spp. Despite some mortality episodes observed, there are no
data enough for determining to what extent it has been due to the incidence of perkinsosis, so further
studies need to be performed.

6. International trade
The genus Perkinsus includes protozoan parasites of marine molluscs such as oysters, scallops, clams,
cockles, mussels, abalones… in many locations around the world, in the five continents. As these parasites
may cause disease in commercially important production areas and result in severe economic losses,
perkinsosis has crucial consequences for international trade, due to the risk of spreading the disease
through increasing movements of certain species.

Public administrations are more and more concerned about animal health and safety matters. The European
Union, especially for the last two decades, has issued important regulations concerning the control of risks
associated to international and EU internal trade of live animals and aquaculture products in general, and
more specifically molluscs. Although perkinsosis does not represent any risk for food safety, the mortality it
may cause in molluscs has important repercussions for production areas and shellfish industry and
commerce. Therefore, a legal framework was established to ensure a rational development of shellfish-
farming, while contributing to the protection of animal health within the Community.

Concerning international trade, nowadays live molluscs can only be imported from a reduced number of
countries and, in most cases, the posterior use of these imports is restricted to a transformation as food
product (Decision 2003/804/EC and further modifications).

For EU internal trade, member states are obliged to contribute to prevention, control, management,
information and fighting strategies and programmes in general for animal health and sanitary issues, but
especially when abnormal mortalities of molluscs are detected.

Even though this workshop session includes a specific presentation on regulation issues, one of the possible
weaknesses of current regulation about this matter comes from the fact that few data quantifying the
incidence of perkinsosis in European production areas is available. Although perkinsosis is one of the animal
health problems to be declared in case of detection of incidence in non sensitive species, or if changes are
detected in its pathogenicity or epizootiology, this lack of data could involve a risk for an effective control of
the parasite within the EU. The declaration of P. marinus however is mandatory for Crassostrea gigas and C.
virginica (Directive 95/70/CE and its last modification Decision 2006/775/EC).

The following tables about international and EU internal trade on some categories of shellfish products can
be of help for understanding the importance of this problem and the real dimension it could reach,
considering the trends in the last five years. Unfortunately, there are no disaggregated data available for the
target species except for oyster, but they can still be useful for the above explained purpose.
(Source: Eurostat)
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OYSTERS (SITC Rev.3 code 036.31), including:
· Oysters, fresh, chilled, frozen, salted or in brine,
· Seed-oysters, Spat,
· Oyster, for cultivation
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INTERNATIONAL TRADE (OUTSIDE EU)

Qx100k 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM - 2 - 45 - 32 - 16 4 11

GERMANY 66 - 86 - 78 2 104 10 122 -

DENMARK   5 - - 14 8 52 5 52 - 58

SPAIN   - - 45 - - 3 - - 200 91

FRANCE   - 4,727 3 4,637 1 4,806 28 5,120 122 5,448

UNITED KINGDOM 488 155 379 44 1,370 91 2,982 101 904 549

GREECE   135 26 109 - 277 - 326 - 11 -

IRELAND   55 1,525 4 1,779 - 2,465 - 2,344 - 1,505

ITALY   101 15 370 7 103 5 3 42 232 17

NETHERLANDS   21 142 17 373 9 297 150 323 288 697

PORTUGAL   - - - - 2 - - 1 - 4

SWEDEN   5 61 9 8 79 - 2 - 13 18

Value in € 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM - 2,486   - 13,949 - 8,122 - 3,987 1,718 2,629   

GERMANY 44,974 - 48,688 - 38,292 2,355 68,846 14,405 71,201   - 

DENMARK 2,032 - - 7,007 2,629 43,681 2,498 38,457 953 42,558   

SPAIN - - 20,170 - - 2,092 - - 14,655 25,079   

FRANCE - 1,970,990 14,222 1,844,890 1,195 2,177,674 35,245 2,382,561 117,262 2,936,593   

UNITED KINGDOM 408,109 83,839 299,186 35,483 389,768 54,077 827,657 83,284 424,292 168,812   

GREECE 12,942 36,874 15,156 - 42,450 - 60,573 - 3,614   - 

IRELAND 22,711 684,873 6,537 954,592 42 1,068,886 - 829,280 - 665,528   

ITALY 53,125 9,266 55,238 6,888 109,179 3,662 11,998 22,854 210,526 11,693   

NETHERLANDS 26,892 90,494 24,948 104,081 12,561 156,589 71,399 180,165 120,385 318,437   

PORTUGAL 196 - - - 727 - - 755 - 3,500   

SWEDEN 1,562 16,898 8,821 1,822 30,826 80 2,427 856 18,377 13,319
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EU TRADE (AMONG MEMBER STATES)

Qx100k 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM 26,232 212 31,849 269 30,206 339 22,860 270 26,067 508

GERMANY 8,207 258 6,131 159 7,289 244 7,720 291 7,579 378

DENMARK   1,029 5,097 943 8,505 600 6,891 261 6,736 140 6,124

SPAIN   24,282 4,627 24,094 5,925 22,845 5 81,882 6,048 19,583 6,662

FRANCE   30,252 55,150 29,792 60,509 30,037 62,606 33,177 68,612 36,756 75,362

UNITED KINGDOM   3,839 8,939 3,267 9,943 2,580 8,871 3,939 7,977 3,736 7,719

GREECE   26 378 66 194 62 419 47 133 100 154

IRELAND   42 7,453 50 10,922 7 7,813 30 16,486 6 23,864

ITALY   62,950 5,259 61,590 2,913 61,430 2,229 63,820 1,724 61,466 1,449

NETHERLANDS   7,507 35,733 4,015 26,542 1,914 22,816 2,501 26,323 3,101 24,087

PORTUGAL   381 1,592 478 2,863 895 2,596 830 2,872 1,054 1,913

SWEDEN   292 8 488 11 459 24 1,218 20 2,753 13

Value in € 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM 8,309,551 100,441 8,102,844 112,224 8,882,240 154,790 9,172,132 154,802 10,580,798 148,991   

GERMANY 2,587,222 89,354 2,029,854 105,537 2,454,155 118,775 2,890,716 159,690 2,787,711 170,815   

DENMARK 376,375 2,404,767 355,679 4,231,261 412,535 3,487,964 131,112 3,993,771 134,596 4,711,080   

SPAIN 9,202,505 790,968 9,574,834 856,516 8,645,059 1,586,728 11,224,539 1,410,708 10,524,818  1,439,884   

FRANCE 6,726,506 18,074,233 6,688,077 19,904,520 6,933,140 20,993,941 8,266,419 22,744,655 8,843,308 26,258,803

UNITED KINGDOM 761,501 2,971,390 627,004 2,954,302 504,952 2,722,492 802,729 2,641,384 1,022,188 2,382,757   

GREECE 11,010 85,426 17,418 48,964 36,557 120,302 25,923 30,560 54,511 44,440   

IRELAND 33,883 3,093,831 34,760 2,852,474 10,571 2,621,255 26,409 3,787,123 5,428 6,074,942   

ITALY 12,370,959 1,095,296 13,500,379 678,322 14,600,342 470,316 16,005,461 346,835 16,990,775 659,856   

NETHERLANDS 1,160,864 6,900,586 1,293,711 6,411,941 864,210 6,142,730 1,256,925 5,731,410 1,471,096 6,263,906   

PORTUGAL 119,224 213,955 141,461 498,615 289,208 457,843 289,560 497,214 241,122 342,071   

SWEDEN 243,407 2,957 290,131 10,656 269,809 2,391 271,979 5,438 338,260 4,701   
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INTERNATIONAL TRADE (OUTSIDE EU)

Qx100k 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM 409 36 642 10 738 101 944 188 1,512 200   

GERMANY 2,083 14 1,949 40 3,472 9 5,040 3 4,414 9   

DENMARK 12,343 188 15,928 23 20,790 38 20,959 84 12,668 71   

SPAIN 12,726 356 10,359 312 9,104 233 20,406 238 13,758 1,239   

FRANCE 2,827 4,462 2,490 3,667 5,382 4,212 5,167 4,379 14,187 4,470   

UNITED KINGDOM 5,069 146 4,808 133 7,106 114 7,945 287 8,124 83   

GREECE 5,411 - 11,600 4 6,585 - 4,848 10 5,373 4   

IRELAND 3 918 100 4,657 - 702 - 487 10 330   

ITALY 5,982 578 4,338 368 4,098 564 5,813 690 5,073 1,432   

NETHERLANDS 2,117 641 2,571 2,643 3,609 772 9,474 880 6,419 733   

PORTUGAL 6 4 54 - 10 1 88 20 7 8   

SWEDEN 4,387 1,094 4,547 613 16,917 235 12,337 188 12,178 585

Value in € 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT    

BELGIUM 526,289 42,852 787,978 8,179 494,570 33,509 767,599 50,989 1,625,691 66,082   

GERMANY 2,283,220 13,505 2,185,396 21,581 3,002,035 13,591 3,547,434 4,194 3,654,306 7,977   

DENMARK 1,360,628 64,745 987,030 15,343 1,221,694 11,995 1,735,901 64,942 1,503,674 19,956   

SPAIN 5,691,777 107,785 4,229,198 96,193 3,631,176 86,647 6,644,634 66,425 5,487,858 103,716   

FRANCE 2,614,098 1,437,420 3,081,104 1,336,228 6,408,617 1,531,395 8,043,134 1,785,492 20,581,640 2,104,174   

UNITED KINGDOM 1,327,458 208,416 1,305,581 139,285 2,794,192 113,767 4,625,739 262,584 4,708,989 97,069   

GREECE 1,491,336 - 2,712,073 5,600 2,142,554 - 1,698,089 714 2,164,788 270   

IRELAND 2,573 361,651 41,702 973,936 7 187,843 - 136,500 483 135,572   

ITALY 2,864,922 336,721 3,291,604 241,333 2,843,554 293,496 3,975,536 390,407 4,768,273 884,219   

NETHERLANDS 2,477,076 541,359 2,645,271 357,794 4,134,849 335,468 7,291,944 447,970 6,748,436 419,669   

POLAND 16,811 - 8,077 -- 46,782 8,994 12,870 176 21,644 34   

SWEDEN 1,386,711 68,696 1,342,261 115,254 2,513,550 37,621 2,656,926 28,316 2,753,967 84,413 

OTHER MOLLUSCS (SITC Rev.3 code 036.35), including:
-Abalone, live, fresh or chilled
-Bêches-de-mer, live, fresh or chilled
-Clams, live, fresh or chilled
-Cockles, live, fresh or chilled
-Jellyfish, live, fresh or chilled
-Leeches, live, fresh or chilled
-Mussels, live, fresh or chilled
-Ormers, live, fresh or chilled

-Scallops, live, fresh or chilled
-Sea cucumbers, live, fresh or chilled
-Sea urchins, live, fresh or chilled
-Sea-ears (ormers), live, fresh or chilled
-Shellfish, live, fresh or chilled
-Snails, sea, edible, live, fresh or chilled
-Spat, molluscan, for cultivation
-Trepangs, live, fresh or chilled
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EU TRADE (AMONG MEMBER STATES)

Qx100k 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM 232,033 6,851 302,229 7,873 300,872 5,815 308,209 5,286 235,256 6,474   

GERMANY 249,616 12,037 246,075 199,286 311,682 178,004 220,833 71,810 190,601 20,168   

DENMARK 578 281,991 567 233,067 1,129 220,621 825 138,294 1,453 157,959   

SPAIN 186,620 298,663 251,923 281,442 315,530 375,477 250,567 230,412 263250 311,457   

FRANCE 430,176 83,687 513,202 76,405 536,948 70,365 522,552 74,208 513,513 74,533   

UNITED KINGDOM 9,450 132,381 10,938 165,562 9,083 219,308 5,855 165,017 10,689 209,290   

GREECE 591 118,060 1,473 165,636 1,994 212,524 725 171,881 2,111 233,075   

IRELAND 2,189 126,225 2,511 140,545 3,843 120,850 2,807 140,059 3,915 127,046   

ITALY 269,506 118,223 330,487 146,743 360,030 149,121 245,272 180,728 293,295 183,169   

NETHERLANDS 166,393 370,183 348,027 524,134 256,272 497,586 263,834 593,600 274,430 426,086   

PORTUGAL 6,037 35,750 4,880 17,087 6,679 20,097 7,893 22,689 8,244 32,453   

SWEDEN 847 4,725 390 5,433 541 17,880 823 12,037 1,003 10,805

Value in € 2002 2003 2004 2005 2006

Reporter/FLOW IMPORT EXPORT IMPORT EXPORT IMPORT EXPORT IMPORT   EXPORT   IMPORT   EXPORT   

BELGIUM 72,309,552 2,629,900 76,571,627 2,241,003 73,942,666 1,622,852 73,792,284 1,312,219 77,443,478 1,723,838   

GERMANY 18,212,015 1,354,846 13,412,828 13,898,854 14,065,685 13,164,682 12,531,086 9,322,108 13,363,420 3,688,420

DENMARK 177,821 13,379,332 157,265 9,386,676 670,273 9,629,802 889,001 8,327,278 1,213,834 10,644,573

SPAIN 62,562,217 28,573,079 70,679,850 25,301,832 69,777,115 31,277,559 70,741,389 19,681,852 78,439,483 24,212,334   

FRANCE 77,334,365 27,383,605 89,265,326 26,142,891 89,706,697 23,925,007 85,114,340 25,897,388 86,839,135 28,854,251 

UNITED KINGDOM 2,237,967 42,666,235 3,536,185 51,643,844 3,612,073 52,661,800 2,161,251 48,417,332 2,886,335 56,326,195   

GREECE 256,750 8,436,967 181,786 12,936,264 466,645 15,523,467 547,941 13,318,378 670,975 18,901,481   

IRELAND 875,730 14,914,636 1,153,923 16,902,836 1,432,299 15,175,011 1,125,484 16,158,520 1,981,095 21,579,147   

ITALY 30,407,686 31,738,905 34,687,184 33,717,341 37,427,084 34,622,443 30,017,248 37,814,404 35,544,542 46,755,387   

NETHERLANDS 18,733,388 97,725,614 30,559,301 111,083,753 23,052,743 103,492,249 25,072,146 117,398,712 37,520,112 114,126,228   

POLAND 69,630 115,769 110,506 47,427 164,248 7,777 206,494 3,704 339,036   -

SWEDEN 530,762 1,369,002 161,731 1,476,031 230,263 2,800,429 416,950 2,670,553 444,762 2,731,219
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Of course, as well as the influence of mass mortalities of shellfish may have in commerce of live products,
it is evident that the related processing industry and commerce would also suffer the consequences of this
situation.

7. New Aquatic Animal Health Legislation
This year 2008 the Council Directive 2006/88/EC is coming into force, bringing some new elements with
regard to animal health requirements for aquaculture animals and products derived thereof, and on the
prevention and control of certain diseases in aquatic animals.
It is important to keep in mind that this kind of regulation is relevant not only for Member States, but also
for those countries willing to export molluscs to EU. At present, only imports from certain areas of the United
States are allowed.

8. Management Strategies
As mentioned before, the most studied species of Perkinsus spp. is Perkinsus marinus and its consequences
on oyster production, as it was the first in being detected and identified.

In order to mitigate the effects of this disease, different strategies have been undertaken, with different
degrees of success.

Producers applied first some modifications on culture procedures, according with the available knowledge
about the disease. Taking into account the correlation between salinity and temperature with intensity and
prevalence, as well as the transmission ways, taking seed from low salinity areas for transplanting into high
salinity ones for on growing to market size seemed to be an adequate strategy, considering the end of the
infective period. Lowering the market size would also contribute to minimize the impact of the disease, as
long as the harvesting is done thoroughly so that infected oysters do not stay on oyster grounds and serve
as a source for the infective stages.

However, this strategy was in conflict with legislation intended to ensure the persistence of broodstock, for
keeping oyster recruitment rates.

Selective breeding was applied later, in order to obtain resistant strains of oysters, but former studies
revealed some kind of negative correlation between susceptibility to H. nelsoni and P. marinus, which has
to be taken into account when developing selective breeding programmes. Genetic variability among oyster
families obtained through interbreeding oyster production was also demonstrated in protease inhibitory
activity against proteases of P. marinus, which was negatively correlated with infection intensity and
mortality.

Genetic triploid oysters have also been employed, by using direct genetic manipulation, for obtaining faster
growth and better taste individuals. By achieving a faster growth, market size could be reached before
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episodes of mass mortality occur. Nevertheless, triploid oysters C. virginica do not demonstrate improved
tolerance to P. marinus, although they do grow faster and more individuals may reach market size before
disease causes mortality.

Studies in genetic engineering are currently being undertaken in order to identify, clone and sequence genes
involved in the response to the infection.

Two more strategies are being considered, but both of them could have a high environmental impact, so
they have to be carefully evaluated before a broad application. One of them consists in introducing
allochthonous species of genus Crassotrea as potential candidates to restore populations, if they happen to
be less susceptible to infection than autochthonous ones. However, many aspects have to be taken into
consideration before.

In vitro and in vivo assays performed to test the effectiveness of chemotherapeutants to reduce P. marinus
have revealed that only cycloheximide was found to be effective in reducing infections in live oysters
without killing the host. Despite the use of chemotherapeutants in open environments would rise ecological
and cost-effective objections, their use in close systems could be feasible.

Besides technical criteria adopted in first place in order to implement one strategy or another, or to select
a set of technically viable strategies, it could be of help to add economic information and tools to the
decision making process. Both for Administration and of course for production sector’s support, the cost-
benefit analysis of potentially effective management strategies would contribute to ensure a more efficient
management of the problem. This would require a deeper economic analysis of the problem and of the
possible solutions for it.
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STATUS OF THE FRENCH CLAM INDUSTRY WITH PRODUCTION IN
SOUTH BRITTANY AS AN EXAMPLE

Céline D’Hardivillé1, Isabelle Peronnet2, Laurence Miossec3, Gérald Hussenot4,
Adrien Le Menac’h4

1CLPMEM Auray-Vannes Quai Port Maria, Centre de Marée,
56170 Quiberon, France 

2IFREMER, Laboratoire de Biologie Halieutique,
Station de Lorient, 8 rue Francois Toullec, 56100 Lorient, France

3 Ifremer, Laboratoire Génétique et Pathologie,
BP 133, 17390 La Tremblade, France

4CRPMEM Bretagne, 1, Square René Cassin, 35700 Rennes, France

The present work aims to define how the French clam fisheries is organised. In 2002, a census
was completed on all the French conchylaceous activities in order to achieve a better identifica-
tion of both the producers and the steps. For instance, the production of clams, both wild and
farmed, was identified and quantified, from the spat to the commercialisation. South Brittany’s
production of clams is very large. It extends on six sites and is managed layer by layer. A total of
457 licences for fishermen by hand and 32 licences for dredging were issued in 2006. The layer
of the Gulf of Morbihan is exploited by a large number of fishermen (200 practice tickling and 25
use a dredge) ; its production has risen to almost 750 tonnes in 2006. The management of this
zone takes into account the stock in place each year - for this purpose, biomass investigation are
completed every year on each fishing layer of the Gulf, and the fishing effort is regulated by licen-
ces - and environmental conservation measures (restriction of some zones to saveguard the
areas with eelgrass meadow and areas of wintering for the Brent goose). One of these regulated
areas, Tascon island, seems most interesting for these investigations. The island is strictly con-
trolled and clam fishing is prohibited on one of its coasts. Every year, the biomass investigations
which are conducted on both coasts of the island provide surprising results: on the prohibited
area some age groups seem to completely disappear from one year to the other. It will be most
interesting to make out the cause of this problem. Indeed, the economical consequences of such
a problem may have a significant impact on the whole French clam fisheries.
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ROUNDTABLE OF THE SESSION 
“Effects on Shellfish Industry”

Rosa Fernández, María Pérez,
Centro Tecnológico del Mar. Fundación CETMAR,
Eduardo Cabello, s/n, E-36208 Vigo, Spain

The issues addressed during the roundtable of this session were focused on the legal aspects, regarding
to the new aquatic animal health regulation, coming into force in 2008, which was formerly explained by
Pedro Rosado, from Health & Consumer Protection DG, European Commission, in his presentation.

· Status of vector animals with the new legislation.
With the current regulation, only animals coming from free areas can be relocated, no matter if they are
susceptible of suffering from the disease. As all animals can be considered potential transmitters, the
transfer will be allowed only when coming from a free area.
However, taken into account the conditions set by the new regulation, the disease is considered to be
spread only by those susceptible species, so non susceptible species can come from an area holding a
different sanitary status. Only when there is scientific evidence that the disease is transmitted by the species
in question, its origin must be a non-infected area.
This measure contributes to a greater flexibility, with regard to the existing regulation.

· Compensation to owners for stock elimination due to exotic diseases incidence.
In general terms, when a disease is detected in any animal, if it is considered exotic, the measure to be taking
must be addressed to eliminate it, which usually requires the slaughter of the affected stock. If this happens,
there are compensation measures foreseen for the owner.
Usually this aid is funded by both European Commission and the national authorities of the Member State,
equal parts, although in case of aquatic animals some issues should be developed before the measure
coming into force.
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· Management of the list of diseases by the European Commission: how is the list prepared and
which is the criteria followed for including certain disease or not.
In general terms, the Commission receives or launches a proposal of a list with the diseases considered as
being most relevant with regard to the European Union perspective, so it is open to any suggestions from
the Member States.
Although the European list is not as wide as the one issued by the OIE, it is provided of quite an agile
modification systems, which facilitates any changes, depending on the epidemiologic situation in each
moment, both adding or eliminating items from it.

· Emerging diseases.
The need of taking the suitable measures by competent authorities of the Member States if emerging
diseases, which are not described yet, were detected, is also considered by the new regulation, in order to
avoiding their spread. In any case, informing the Commission is mandatory.
Depending on the case, appropriate measures will be adopted for controlling and eradicating the disease.
Although it could happen that no concrete intervention is foreseen in every particular case, a legal
framework is available for developing such measures, if necessary.

· Measures in case of disease detection in wild populations.
The current and new regulations are only referred to cultivated populations, as it is almost impossible to
control the wild ones.
However, in case of disease detection, it will be attempted to be eradicated in both kind of populations, as
far as possible. If this is not possible, control and contention measures are to be applied, consisting in the
reconsideration of the health status of the area, in order to control and restrain the disease incidence and
avoid its spread. The area will acquire the status of “infected” or “under an eradication/ control program”.
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PERKINSOSIS IN MOLLUSCS: CONTROL AND FIGHTING STRATEGIES.

Antonio Figueras
Instituto de Investigaciones Marinas, CSIC, Spanish National Reference Laboratory for Mollusc Diseases,
Eduardo Cabello 6, 36208 Vigo, Spain
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Since the first description, in the 1940s, of Perkinsus marinus (first in Crassostrea virginica and later in
Macoma baltica in North and Central America), several Perkinsus species and Perkinsus-like organisms have
been described worldwide (P. olseni in Haliotis ruber, H. cyclobates, H. scalaris , Haliotis laevigata in
Australia, Ruditapes decussatus, R. philippinarum, R. pullastra in Europe and Asia, Pitar rostrata in South
America; P. chessapeaki in Mya arenaria in North America; P. andrewsi in Macoma balthica; P. qugwadi in
Patinopecten yessoensis; P. mediterraneus in Ostrea edulis; P. honshuensis n. sp. (in Ruditapes
philippinarum)

The control of Perkinsus organisms, specially P. marinus in Crassostrea virginica in Chesapeake Bay, has
been a primary goal since Perkinsus marinus is presently the most prevalent parasite of the eastern oyster
Crassostrea virginica in mid-Atlantic water of the US. The basis of P. marinus’s virulence is unclear.

Keeping in mind all these arguments, the question can we fight Perkinsus is an obvious one. The first
approach would be if are there any chemotherapeutants really effective against Perkinsus infections?

Unfortunately despite the potential advantages of a chemical therapy to effectively treat P. marinus infected
oysters for aquaculture and research purposes, so far, no such therapy exists. Given the close taxonomic and
phylogenetic proximity of P. marinus to another protozoan parasite, Plasmodium spp., the anti-malarial drug
quinine was evaluated as a potential chemotherapeutic agent. Several quinine HCl treatments, did not
significantly decrease P. marinus intensity or prevalence in oyster tissue after the three week exposure.

In the assays with different chemotherapeutants against Perkinsus olseni, only four drugs, namely
cycloheximide, pyrimethamine, deferoxamine (DFO) and 2,2-bipyridyl (BIP), showed in vitro inhibitory effect
on the parasite proliferation. Two in vivo experiments were designed to determine the effect of iron
chelators on reducing P. olseni infection in clams. Only DFO was found to be effective in reducing in vivo P.
olseni infections. In addition, acute toxicity of DFO and BIP has been determined and no mortality of
Perkinsus-free clams was observed. Cycloheximide and deferoxamine were effective in reducing infections
in bivalves without killing the host, although infections were not completely eliminated even after 30 days
of exposure and progressed after treatment ceased. Another approach that has been used is based on the
knowledge of Perkinsus biology. Lipids provide parasites the energy reserves and structural components for
growth, development, and life cycle completion. Treating P. marinus meronts with triclosan (2, 5, or 10 m),
which inhibits the enoyl-ACP reductase in TypeIIFAS pathway, significantly reduced meront’s viability and
fatty acid synthetic ability, while causing minimal effect on oyster hemocyte viability.

In addition with the direct fighting strategies based on the use of effective chemotherapeutants the
following indirect approaches could be used:

A) Accurate diagnosis to prevent the spread of the disease.
The diagnosis of Perkinsus parasites has been and is largely done using the classical Ray’s Thyoglicollate
Medium method (RFTM). Over time, the molecular diagnostic techniques based on the PCR assay will
probably largely replace RFTM. A primary benefit of the PCR technique is the rapidity: the presence of
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Perkinsus can be assessed in 200 individuals in just one day, whereas the RFTM assay typically requires at
least five days to one week. This is an important advantage for disease prevention and control. Accurate
identification of the host and geographic ranges of various Perkinsus spp. using molecular data will result in
a better understanding and prevention of pathogen transports that likely occur with the movement of host
molluscs around the world, and will allow improved assessment of the disease impacts on various host
species.

B) Use of factors involved in resistance against Perkinsus as candidates/markers for selection programmes.
Knowledge of molluscan defense systems and the mechanisms used by parasites to evade molluscan
immune responses is crucial in developing strategies for promoting disease resistance and managing
epizootics. Identifying anti-Perkinsus marinus factors in eastern oysters can lead to their use as selection
markers to accelerate breeding for increased P. marinus resistance while avoiding the pitfalls of traditional
selective breeding programs such as inbreeding.

At least two proteins, cv-lysozyme 1 and cvSI-1, have been purified from eastern oyster plasma and shown
to inhibit the growth of P. marinus in vitro. Molecular tools are now being used to define the role these
proteins play in the oyster host defense

C) Selecting resistent bivalves: Selection programmes, Genetic maps. QTLs selection
Efforts to identify Crassostrea virginica stocks resistant to Perkinsus marinus have been in progress for
some time. Although, stocks selected for resistance to other pathogens (i.e., Haplosporidian nelsoni) were
highly susceptible to P. marinus, controversy exists on whether dual resistance to both parasites can be
achieved. The strategy of selective breeding for P. marinus-resistant oysters is now being supplanted by a
double approach. Perkinsosis may be managed in aquaculture partly through use of selected stocks, but for
wild populations disease management should have preservation of diversity, evolutionary potential, and
general better performance for disease and environmental change. The support in favor of selected stocks
is being replaced by an appreciation for protection of wild oysters, partly in recognition of the natural
disease resistance as seen in wild populations.

In summary, no effective control measure has been developed for Perkinsus worldwide and both direct and
indirect approaches need further research based on international and multidiscipinar cooperation.
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MITIGATING THE PERKINSOSIS IMPACT ON CRASSOSTREA VIRGINICA
POPULATIONS AND INDUSTRIES IN CHESAPEAKE BAY, USA

Ryan B. Carnegie, Eugene M. Burreson
Virginia Institute of Marine Science, College of William and Mary, Route 1208 Greate Road, Gloucester Point, VA
23062, USA

As an Office International des Epizooties Reference Laboratory for Perkinsus spp. as well as
haplosporidian parasites, the Virginia Institute of Marine Science Shellfish Pathology Laboratory has
a mission to promote and coordinate research into the surveillance and control of perkinsoses
worldwide. Since the 1940s, control of Perkinsus marinus in Crassostrea virginica in Chesapeake
Bay has been a primary goal. A recent monolithic strategy for managing perkinsosis -- selective
breeding for P. marinus-resistant oysters for wild beds as well as for aquaculture populations -- is
now being supplanted by a two-pronged approach. Perkinsosis may be managed in aquaculture
partly through use of selected stocks, but for wild populations disease management should have
preservation of diversity, evolutionary potential, and general resilience vis-á-vis disease and
environmental change at its foundation. Advocacy for displacement of natural populations in favor
of selected stocks is being replaced by an appreciation for sanctuaries for protection of wild
oysters, partly in recognition of the natural disease resistance manifest in wild populations.
Passively managing perkinsosis in wild populations, embracing natural selection for disease
resistance or tolerance, while actively and aggressively managing disease in cultured stocks
through selective breeding, surveillance, and rapid removal of diseased animals is a paradigm that
transcends the C. virginica-P. marinus system. It is relevant to shellfish disease management
worldwide.
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THE MOROCCAN PLAN OF ZOOSANITARY 
SURVEILLANCE OF SHELLFISH

O. Belhsen, S. Kodad, E. Talbaoui, A. Orbi.
Unit of Pathology of Shellfish, Department of Oceanography and Aquaculture, National Institute of Halieutic
Research, Casablanca, Morocco.

In Morocco, the national plan of zoosanitary surveillance of shellfish has been jointly elaborated
by the National Institute of Halieutic Research (INRH) and the Livestock Office (Direction de
l’Elevage: DE). It was set up since 2004 by the Unit of Pathology of Shellfish. To implement this
plan, the Moroccan littoral was subdivided in nine zones. A sampling of molluscs was carried out
in each zone during two years for the determination of their zoosanitary status, taking into
consideration disease listed by the Office of International Epizooties (Bonamia ostreae, Marteilia
refringens, Haplosporidium nelsoni, Perkinsus marinus, Perkinsus olseni and Mikrocytos
mackini). This plan is renewed each year for the follow-up of the status of each zone. The tool for
diagnosis employed is the Histology examination. The establishment of this status will allow the
introduction and the transfer of shellfish between the various national zones or aquaculture
establishment, in the respect of the principle of equivalence of the zoo sanitary status, and also
the export of molluscs for the re-immersion in zones of equivalent status. Analysis of the results
shows that:

· All the zones are free from infections with Perkinsus marinus, Haplosporidium nelsoni
and of Mikrocytos mackini.

· All the zones are free from infection with Bonamia ostreae excepting the Zone II.
· All the zones are free from infection with Perkinsus olseni except the zones VII and IX 

where the status is not defined yet.
· Zone I is not free from infection with Marteilia refringens and Marteilia sp
· All the zones are free from infection with Bonamia ostreae excepting the Zone II.
· All the zones are free from infection with Perkinsus olseni except the zones VII and IX where the
status is not defined yet.
· Zone I is not free from infection with Marteilia refringens and Marteilia sp.
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THE UNIQUE FATTY ACID SYNTHETIC CAPABILITY OF THE OYSTER 
PROTOZOAN PARASITE, PERKINSUS MARINUS:
A TARGET FOR CHEMOTHERAPEUTIC TREATMENT?

Fu-Lin E. Chu1*, Eric D. Lund1, Philippe Soudant2

1Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, VA 23062, USA.
2Institut Universitaire Européen de la Mer, LEMAR- Laboratoire des sciences de l'environnement marin 
(UMR 6539), Technopole Brest Iroise, Place Nicolas Copernic, 29280 Plouzané - France.

Perkinsus marinus is presently the most prevalent parasite of the eastern oyster Crassostrea
virginica in mid-Atlantic water of the US. The basis of P. marinus’s virulence is unclear. Lipids
provide parasites the energy reserves and structural components for growth, development, and
life cycle completion. To search for targets to inhibit P. marinus host lipid acquisition and lipid
synthetic activity, we have characterized the lipid metabolism and biosynthesis in P. marinus
meront, the primary disease transmission stage. P. marinus is capable to synthesize
phospholipids and as most other parasitic protozoans, can acquire and metabolize exogenous
(host) lipids. However, unlike other parasitic protozoans, P. marinus is able to synthesize a range
of saturated and unsaturated fatty acids, including the essential fatty acid, arachidonic acid (AA,
20:4n-6), a precursor for a series of eicosanoids involved in many biochemical and physiological
processes. P. marinus uses the unusual alternative -8 pathway to synthesize AA. This was further
confirmed by research in UK employing molecular technology. The presence of non-
photosynthetic plastid in its biflagellate zoospores and results from UK research imply that P.
marinus is descended from an ancestor with plant-like genes using Type II fatty acid synthase
(TypeIIFAS) pathway. Treating P. marinus meronts with triclosan (2, 5, or 10 m), which inhibits the
enoyl-ACP reductase in TypeIIFAS pathway, significantly reduced meront’s viability and fatty acid
synthetic ability, while causing minimal effect on oyster hemocyte viability. However, a slight
reduction of ROI production was noted when hemocytes were exposed to triclosan. (NOAA,
ODRP, Grant # V710720).
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FOLATE PATHWAY IN PERKINSUS SP.:
CANDIDATE FOR THERAPEUTIC TARGET? 

Ricardo B. Leite, Ricardo Afonso, M. Leonor Cancela
CCMAR –University of  Algarve – Campus de Gambelas 8005-139 Faro, Portugal

We have determined two gene sequences encoding for bifunctional enzymes; dihydrofolate
reductase-thymidylate synthase (DHFR-TS) from salvage folate pathway and 6-hydroxymethyl-
7,8-dihydropterin pyrophosphokinase-dihydropteroate synthase (HPPK-DHPS) from de novo
folate pathway of Perkinsus sp., a protozoan parasite associated with high mortalities of the
Portuguese clam. In Protozoa, DHFR-TS is a bifunctional enzyme where DHFR and TS represent
two domains of a single homodimeric protein while in humans, DHFR and TS occur as two
separate, monofunctional proteins. In Perkinsus, as in others alveolates, the first domain is very
similar to its plant homolog while the second is conserved among all eukaryotes.
DHFR and its inhibitors are often used in first-line therapies for malaria and toxoplasmosis, two
diseases caused by close relatives of Perkinsus within the alveolata group. One of the therapies
most used is the conjugation of pyrimethamine and cycloguanil, two drugs known for acting in
DHFR-TS. Using a commercial cell proliferation assay we have determined Perkinsus IC50 to
pyrimethemine and cycloguanil (366±1.0μM and 347±1.0μM, respectively). Surprisingly, the
addiction of chorismate (substrate) and folate (final product) did not reverse the effect of
pyrimethamine. These preliminary results, together with the absence of effect from sulfadiazine,
a drug targeting the HPPK-DHPS enzyme from folate biosynthesis, suggest that, in Perkinsus,
either this biosynthetic pathway is different from that known in other parasites, or it developed
some adaptation which confers resistance to sulfadiazine. To validate this data, these two genes
were cloned and studied in terms of their pattern of expression when Perkinsus cells are
exposed to anti folate drugs alone or in co-addition with chorismate and folate. Results provide
evidence for drug-dependent changes in expression/regulation of these genes. Interestingly,
when correlated with data known from other pathogenic parasites, our results provide useful
information towards identification of evolutionary relationships among parasites.
This work was partially funded by projects PTARGET/POCI/CVT/57982/2004 from FCT and
AMBIPERK/22-05-01-FDR-020 from DGP. R.B. Leite is the recipient of a PhD fellowship from FCT
reference SFRH/BD/30112/2006.
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IN VITRO AND IN VIVO EVALUATION OF QUININE
AS A POTENTIAL ANTI-PROTOZOAL FOR THE EASTERN OYSTER
PARASITE PERKINSUS MARINUS

Aswani K. Volety, Christina Panko, Vincent Encomio, Jose Barreto
Coastal Watershed Institute, Florida Gulf Coast University, 10501 FGCU Blvd, Fort Myers, Florida 33965

Perkinsus marinus is a lethal protozoan that impacts eastern oyster (Crassostrea virginica)
populations along the eastern seaboard of the U. S. and the Gulf of Mexico. Despite the potential
advantages of a chemical therapy to effectively treat P. marinus infected oysters for aquaculture
and research purposes, no such therapy exists. Given the close taxonomic and phylogenetic
proximity of P. marinus to another protozoan parasite, Plasmodium spp., the anti-malarial drug
quinine was evaluated as a potential chemotherapeutic agent. Effect of quinine HCl on P.
marinus meronts and hemocytes were examined under in vitro conditions. Additionally,
differences in susceptibility to quinine between six geographically distinct P. marinus isolates
were determined. Effect of quinine HCl on oysters and P. marinus infection intensity were also
examined under in vivo conditions. A concentration of 50 µg/ml (0.13 mM) quinine HCl
significantly decreased the viability of P. marinus meronts by 56% after three hours. The
Connecticut and Texas isolates were most resistant while the Maryland isolate was most
susceptible to quinine HCl. Although quinine HCl effectively decreased P. marinus viability, all
concentrations also decreased hemocyte viability. Exposure of oysters, in vivo, to 25 and 2.5
mg/L quinine HCl resulted in 100% mortality within 2 weeks. Although there were no mortalities
with the 0.25 mg/L quinine HCl concentration, it did not significantly decrease P. marinus
intensity or prevalence in oyster tissue after the three week exposure. This research exemplifies
the challenges in finding an effective and practical chemical treatment for P. marinus infected
oysters.
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ROUNDTABLE OF THE SESSION 
“CONTROL AND FIGHTING STRATEGIES”

Antonio Figueras
Instituto de Investigaciones Marinas, CSIC, Spanish National Reference Laboratory for Mollusc Diseases,
Eduardo Cabello 6, 36208 Vigo, Spain

The round table was focussed on the following subjects:

· Chemotherapeutants.
· Control strategies through epizootiological studies
· Genetic selection of resistant strains.

The first subject originated a debate between scientists and growers. Scientists argued that depending on
Perkinsus infection intensity this could be control or even eliminated. The molecules proposed for this
purpose are already licensed for other purposes under the competent authorities. However, the growers
argued that the use of such substances would not be pratical and it will not be accepted by the public.
Consumers are not keen on chemically treated products. Unfortunately despite the potential advantages of
a chemical therapy to effectively treat P. marinus infected oysters for aquaculture and research purposes,
so far, no such therapy exists.

A strong debate on the use of Ray’s Thyoglicollate Medium method (RFTM) for the diagnosis of Perkinsus
parasites took place in this round table. It was agreed that RFTM has its use when monitoring of an area with
only one Perkinsus species is needed and where no momvement takes place. On the other hand it was
agreed that the use of molecular data could help in the prevention of pathogen transports that likely occur
with the movement of host molluscs around the world.

Although more knowledge has been lately been gathered on bivalve defense systems and the mechanisms
used by parasites to evade molluscan responses the use of  candidate genes for selection programmes is
seen as a long term activity. No consensus was reached on the possibility of obtaining Perkinsus resistent
strains as it has been done succesfully for other bivalve molluscs.
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CONCLUSIONS
Antonio Villalba, Rosa Fernández, Philippe Soudant, Isabelle Arzul, Ricardo Leite,
M. Leonor Cancela, Giuseppe Ceschia, Antonio Figueras.
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1. Information available on perkinsosis has been summarised and reviewed. There is much information on the
disease caused by Perkinsus marinus, which still causes important losses to oyster industry in the Atlantic and
Gulf coasts of the USA. However information on the other Perkinsus spp. is much less abundant.

2. Geographic range of perkinsosis has been updated, including those European areas where the disease
has been detected as well as the susceptible mollusc species. Two species of the genus Perkinsus, P. olseni
and P. mediterraneus, have been detected in European waters thus far. However, there are still places where
specific identification has not been accomplished. Proper identification of Perkinsus spp. is important
because there could be differences in pathogenicity between species.

3.Various venerid clam species are included in the list of the perkinsosis susceptible species with high commercial
interest in Europe. No abnormal mortality has been claimed by shellfishermen or shellfish farmers in some
European areas affected by perkinsosis whereas high clam mortality has been recorded in other European
affected areas. Information on mortality rates in exploited clam beds (either natural or cultured) from most
European coasts is scarce or non-existent. Factors controlling the impact of perkinsosis in clams are very poorly
understood. Nevertheless, it is well-known that high values of both water temperature and salinity enhance the
proliferation of P. olseni (the only known Perkinsus sp. affecting European clams thus far), whereas low values
inhibit or avoid it.

4. Clams are an important resource for the European shellfish industry and there are reasonable expectations
for production increase, especially through aquaculture. Warmer waters and longer drought periods, as a
consequence of global climate change, would increase the pressure of perkinsosis on clam populations.

5. Models predicting the dynamics of perkinsosis, improvement of zootechnical procedures based on
information about the disease dynamics, selective breeding programmes to produce Perkinsus-tolerant oyster
strains, and search for chemotherapeutants are fighting strategies developed in the USA. The scarcity of
knowledge on perkinsosis in Europe prevents from advising properly the European shellfish industry with regard
to this disease. Common sense advises to be cautious and to avoid perkinsosis spreading. Perkinsosis has been
detected in many non-European countries that could be a source of clams for the European shellfish industry.

6. To remedy the scarcity of knowledge on perkinsosis in Europe is urgent. Identified research priorities are:

- Evaluation of the impact (namely mortality) caused by perkinsosis in different shellfish growing areas.
- Specific identification of Perkinsus parasites occurring in different shellfish growing areas.
- Validation of diagnostic techniques
- Characterisation of the modulation of the disease dynamics (proliferation of parasite free living stages and
Perkinsus - host interaction) by environmental factors (including pollution).
- Immunological, physiological and molecular characterisation of Perkinsus - host interaction. Identification
of host genes/proteins linked to higher disease tolerance or resistance.
- Identification and characterisation of Perkinsus virulence factors (proteins, genes, other factors).
- Characterisation of Perkinsus metabolic routes as target for chemotherapeutants.
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