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During the last ten years, sig n ificative pro gresse s have been made in the 
knowledge of infectious di s eases of economica lly important ma r ine molluscs . 
As a matter of fact, after a long period of descriptive works essentia lly 
focused on mo rpho logy of pathogens, anatomopathology of infections and 
epidemiology of the main diseases , a new time for pathologica! researches 
was subsequent to the establishment of pu r ification protocols of the 
pathogens , the most being intracellular and consequently non cultivable in 
vitro because o f the lack of marine mollusc cell lines . 
The availability of pu r i fi ed pathogens (1 , 2 ) has quickly ope ned on the 
preparation of specif i e molecular probes and , in a few c a ses, on the 
development of immunodiagnostics or nucleic acid based- hybridizat ion 
diagnostics (3) . Because of the potential advantages of such diagnostic 
methods for efficient zoosa nitary controls , it may be hoped that they wi ll 
be considered by national and international o rganizatio ns in charge of 
prophylaxy for marine aquaculture p r oductions . These quantitative and 
sensitive diagnostic tech n iques are also very useful in studies about host 
pathogen interactions . 
Indeed , another chief field o f applications af pathogen pu r ificatio n 
protocols concerns r esear ches based on e xperimental infections wh ich became 
possible at laboratory . At the animal level , t he injection of purified and 
quantified pathogens , such as Bonamia ostreae the intrahemocytic parasite 
of the fIat oyster, successfully led ta reliable reproduction of sorne 
diseases and in sorne fi rst cases to determi ne the 50\ infectious dose (4) . 
From t h is k ind of data, comparisons can be undertaken between mollusc 
individuals or st r ains for their respective s ensitivity t o a pat hogen, that 
led fo r example to identify Bonamia - resistant oysters . However , the 
immu no l o gica l p r ocesses invo lved in s uc h an apparen t p at hogen r esistance 
are not yet understood , bu t argue for develaping researches in the field of 
mollusc i mmunology a gai nst i n fec t ious p a thogen s . Moreover , the a vailability 
of pu r ified pathogen s pe r mits in vit r o e xperimentations which are better
adapted to investigate t he molluscan immune r esponse at the cellular and 
molecul a r levels. 
Thus, from a few years , numerous immunological metho dologies have been 
specifically adapted to marine bivalve molluscs : special medium avoid ing 
hemocyte activation a nd aggregation during hemolymph withdrawal has been 
elaborated ; primary cultu r es of hemocytes can be routinely prepared from 
hemolymp h punctured wit hou t contamina tion a nd without sacrifyi ng the 
animaIs ; hemocyte separa tions by isopycnic centrifugation and counterflow 
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elutriation (5). Moreover, several bio l ogical assays related ta the chief 
types of diseases have yet been established which wil l be useful for 
identification of cel lular and humoral defense effectors involved in t he 
destruction of pathogens (6, 7) . 
Like in o ther invertebrate groups, the ce llular defense mechanisms i n 
molluscs may certainly be largely ensured by the he mocytes which were until 
now wrongly c haracterized in terms o f cell types and lineages as we Il as 
immu ne funct i o n s. For these purposes , new axis of researches have been 
deve lopped by preparing monoc l onal antibodies against serum compo nents a nd 
hemocytes (8) . 

The e xploration of the use o f monoc l onal antibodies for hemocyte antigenic 
c haracterization is in pro gress with several sho rt term aims : 
identific ation o f hemocyte sub-populat i o n s ; antigenic establishment of 
hemograms and analyses of their individual variability according to 
p hysio l ogical , environmental o r st ress pa r a meter s ; search o f cor r elations 
between hemogram characteristics and pathogen re s i stance ; search of 
antigenic markers of hemocytes with speci fi e microbicide activity . 
The best investigated species are the Japanese oyster Crassostrea gigas and 
at a lesser extend the blue mussel 
antibodies have been proved t o be 
hemocyte rec eptor inval ved in 

Hytilus edulis . Particularly , monoclonal 
specifie of hemocyte sub- populations , of 
phagocytosis and of hemocytes with 

mi crobicide activity (8). 
The microbicide activity of mollusc hemocytes has been recently 
investigated by the technique of c hemiluminescence after the numerous 
exper imental paramete r s were precisely establ ished (9) . Like for 
vertebrates, this quantita tive technique is suitable for indiv idual 
estimation o f react i ve oxygen inte rrnediates produced consecutively to 
p hagocytosis . It may be assu med that chemiluminescence will be useful for 
analys i ng the effect of any external (1 0 , Il) or internaI factor o n the 
phagocytic defense capacity and the related oxygen-dependant killing 
mechanism . Because o f its simplicity and reliability, cherniluminescence is 
well - adapted for lar ge scaie experiments and, since the hemo lymph samples 
can be withdrawn without sacrifying t he mollu scs , c hemi lurninescence will 
permit to look for a genetic o rigin of the observed variability of 
rnicrobicidal activity . Such phenotypic immuno l ogical mar ke r would be very 
interesting as selection criterion for quantitative genetics . 
The stu dy of the o xyge n- dependant mic r obicidal process must be examined 
mo re prec isely by co nsidering hemocyte sub- populations identified with 
monoclonal antibodies and separated by centrifugations or 
immunopurification, prel iminary results leading to suspect one an tigenic 
type as directly involved in chemiluminescence activity (8). 
The involvement and the efficiency of oxygen- dependent killing mechan isms 
against specifie molluscan pathogen have begun to be studied , the pathogen
hemocyte interactions being easily investigated in vitro o n the basis of 
Ex perimental infections of hemocyte primary cultu res with purif i ed 
pathogen s . The most of data yet acquired for protozoan (12) and ricketts ia 
(13) indicated sorne efficient adaptations of the pathogens for avoiding o r 
counteracting this microbicidal process . 

The future of researches on bivalve mollusc immunology will 
co nsider the enormous knowledge acquired f o r vertebrates and 
trans fe red to invertebrates , in particu l ar to insects, 
unde r estimation of their specificities . 

have to 
partially 

without 

The availability o f different in vit r o hemocyte - pathogen models may offer 
suitable experimental systems to look for other ant i - infectious non 
specifie mechanisms , such as the powerful system linked t o the generation 
of n itric oxide (14) , and for cytokines, su ch as TNF or CSF which activate 
defense cells for ki lling pathogens (15 , 16 , 17). 
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Ano ther at t ractive way o f investigations will consist ta test agains t 
mol1uscan pathogens sorne heterologous antimicro bial proteins, such as 
defensins , magainins, cecr opins, attac ins , wh ich have been isolated , 
biochemical ly and genetica lly c haracterized . Parallely, by using techniques 
of molecular biology and by exploiting the sequence homologies inside gene 
familles, corresponding genes of molluscs could be possibly iso lated. 

The strategy of researc hes presently proposed f o r immunology o f bivalve 
mol lu scs i5 close ly related ta infect Ious patholo gy and will become 
strongly linked ta geneties for se l ect i on of pathogen resistan t strains . 
8y identifying resistant phenotypes , disease-resistant mollu scs would be 
possibly produced by cross ing individuals exhibiting this character , but 
the genes for resistance may be tightly linked to undesirable trait s , or 
the resistance may be mu l tigenic and difficul t to fix . 
Genetic t ransformation tec hnologies may be used to overcome sorne o f the 
factors limiting traditional plant bree ding. The understanding of 
mechanisms underlaying resistance i n molluscs may lead t o identi f y and 
isolate i mmu ne genes . Su c h genes wou l d be appropriate to transfer , but a 
particular strengt h o f gene transfer is the potential to bypass species 
barr i ers, t ha t means heterol o g o us immune genes could be transfered if the 
c orrespond ing pro te i n was proved eff i c ient against s o rne molluscan 
pathogens. 
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