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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providing new, unpublished information and some of them reviewing and updating previous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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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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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.

36

woper_1  14/3/08  10:59  Página 36



“Parasites of the genus Perkinsus”

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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Isabelle Arzul1, Céline Garcia1, Ricardo Leite2

1IFREMER, Laboratoire Génétique et Pathologie, BP 133, 17390 La Tremblade, France
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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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PERKINSOSIS IN MOLLUSCS: EPIZOOTIOLOGICAL ASPECTS

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

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.

woper_1  14/3/08  10:59  Página 45



46

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”
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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.
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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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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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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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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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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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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.

woper_1  14/3/08  10:59  Página 75



76

woper_1  14/3/08  10:59  Página 76


