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Abstract—Trigger and toxic effects of Mytilus edulis (Bivalvia) hemolymph on encystment of cercariae
Himasthla elongata obtained from infestated Littorina littorea (Prosobranchia) was evaluated as a result
of 24�h experiments in vitro. The contact of Н. elongata larvae with the whole hemolymph or mussel
acellular plasma led to an intensive transformation of cercariae into metacercariae. In both tested media,
the cercariae had to complete the encystment phase as fast as for 2 h, otherwise the risk of the larvae
injury by humoral and cellular components of the mussel hemolymph would increase dramatically.
The cercaria mortality after 24 h in the whole hemolymph was twice higher than in plasma (40% and
20%, respectively) and much higher than in the control medium (sea water). Both toxic and trigger
effects of plasma was revealed to depend on its concentration, with the maximal larva mortality in the
undiluted medium and with the highest number of successful transformations in the medium diluted
more than 4 times. There is shown both the strong individual variability of toxicity of the individual
mussel hemolymph for cercariae and the variability of the resistance to the toxic factors of the cercariae
obtained from various L. littorea individuals. These experiments not only offer a method of the massive
encystment of H. elongata cercariae, but also propose a perspective model for the study of the systemic
defensive response of Bivalvia to invasion of multicellular parasite.

INTRODUCTION

The parasite infectivity and the host resistance
are the most mysterious phenomena characteriz�
ing each mollusc—trematode system. The host
specificity varies in very wide limits: some trema�
todes develop successfully in representatives of sev�
eral mollusc families, while others, only in one or
the limited number of species [1]. Analysis of com�
patibility of molluscs and trematodes is performed
from several points of view: morphological [2], be�
havioral [3, 4], and physiological. The latter im�
plies that after invasion into the mollusc organism
the parasite has to resist to attacks of the host de�

fense system that has rather effective mechanisms
of elimination of the potential pathogen [5, 6].

The importance of the cellular and humoral com�
ponents of the host defense in determining the com�
patibility level in the mollusc—trematode system
has been confirmed in studies both in vitro and in
vivo [6, 7]. The success in cultivation of some trem�
atodes in xenic and axenic media [8, 9] allows per�
forming analysis of fine mechanisms of interaction
between a parasite and the host tissues. Provided
that the main technical problems are overcome, the
in vitro systems are very useful due to an evident
possibility of the complete control of experimental
conditions. However, in spite of the potential di�
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versity of experimental models, studies of interac�
tions of molluscs and trematodes have been so far
focused on a small number of the mollusc—trema�
tode combinations. Only three digenean families,
Schistosomatidae, Echinostomatidae and Fasciol�
idae, selected because of their medical and veteri�
nary significance, have received in vitro investiga�
tions. The diversity of mollusc hosts studied is even
more limited; only basommathophoran snails (Pul�
monata) have been used in experiments.

To gain a better insight into mechanisms that
govern mollusc�trematode compatibility, it would
be helpful to use a comparative approach and in�
clude in the analysis additional models, in which
the host is phylogenetically distant from pulmo�
nates. Since even those models already studied seem
to differ from one to another [10]) and the level of
host specificity has changed in the Diginea evolu�
tion [11], investigation of host parasite systems less
specialized than pulmonate�based ones is very rea�
sonable. In terms of this paradigm the most inter�
esting are marine prosobranchia and lamellibran�
chia molluscs, first, because the main peculiarities
of their internal defense system differ from those
of pulmonate snails [12] and, second, in some cas�
es their trematode parasites have well studied rela�
tives infecting pulmonate hosts. The latter circum�
stance is especially essential for performing the ad�
equate comparative analysis.

The trematode Himasthla elongata (Echinosto�
matidae) develops successively in three hosts: the
prosobranch snail Littorina littorea, the lamelli�
branch mollusc Mytilus edulis, and lastly, in gulls
[13]. Parthenogenetic reproduction takes place in
periwinkle and is completed by the mass produc�
tion of freely swimming larvae (cercariae). Mus�
sels are infestated by the cercariae in the process of
water filtration. Assuming the epithelial barrier is
overcome, the cercaria must then contend with the
host internal defense system that causes encapsu�
lation and death of the invader in a nonsusceptible
mussel. One of the specific mechanisms allowing
cercariae to adequately resist the mollusc defence
response is formation of the cyst in M. edulis mus�
cle tissues, mostly in the foot and contractible parts
of the mantle. However, details of the process of
the cercaria encystment have been poorly studied.
There is also little information on the toxicity of
humoral and cellular components of M. edulis

hemolymph to metazoan pathogens. In the present
study, we used experiments in vitro to solve these
problems. Our aims are not only to clarify the meth�
od for in vitro encystment of H. elongata cercariae,
but also suggest promising model for the study of
systemic defense response in Bivalves on invasion
with metazoan parasite.

MATERIALS AND METHODS

Experimental animals. Snails Littorina littorea
were collected at littoral near the White Sea Bio�
logical Station “Kartesh” of Zoological Institute of
the Russian Academy of Sciences (the Chupa Bay,
the Kandalaksha Gulf of the White Sea). Non�in�
fected 5–7�year old Mytilus edulis individuals were
collected in the same region from the commercial
substrates (the Nikolskaya Bay). Periwinkles from
the 5–19�year old group were divided into the in�
fected (emitting cercariae) and non�infected, the
former being used in the experiments as a source of
trematode larvae. Both L. littorea (supplied with
food ad libitum—fucoid seagrass) and M. edulis were
kept until used in experiments in separate cages lo�
cated 50 m away from each other.

Derivation of cercariae. To gain mass�emission
of cercariae, infected periwinkles were removed
from cages and kept overnight in humid cameras.
Then snails were placed individually in 60 ml bowls
filled with filtered sea water (FSW) of natural sa�
linity (24‰). Two hours later the water with emit�
ted cercariae was poured from the bowl into several
conical tubes and cercariae were concentrated by
placing tubes vertically in ice. Under 1–4°C larvae
lost their motility and aggregate on the bottom of
the tube. After warming up to normal temperature
cercariae entirely recovered and showed normal
reactions and swimming behavior. Two qualitative�
ly different groups of larvae were tested in experi�
ments: cercarial “clones”—larvae emitted by one
host individual, and cercarial pool—ones obtained
from several snail individuals and pooled together.

Effects of mussel hemolymph on cercariae encyst�
ment. Mytilus edulis hemolymph was collected from
the posterior adductor using a sterile 1ml syringe
with 0.8 mm diameter needle. A minimum 400 µl
was sampled from each individual. To remove
hemocytes, half of the hemolymph volume was
centrifuged at 110 g for 10 min. The resulting su�
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pernatant was termed plasma. Larvae were exposed
to whole hemolymph, plasma and diluted plasma
to perform the test of the effects of mussel hemo�
lymph on cercariae behavior and survival. About
30 cercariae of one “clone” in 10 µl of sea water
were placed into each of 3 wells in a 96�wells flat�
bottom plate. Within each set, first well received
100 µl of whole hemolymph, second—100µl of
plasma of the same individual and the last well re�
ceived 100µl of FSW, which served as a control.
The remaining hemolymph and plasma was used
for testing of other larva “clones.” At 45 min, 2 and
24 h, cercarial condition was examined using a dis�
section and inverted microscopes. Surviving, body
movement and encystment stage were assessed for
each larva. In total, 15 cercarial “clones” (6859 lar�
vae) and 40 mussel individuals were used in the ex�
periment.

Estimation of plasma concentration�dependent
effect on cercaria encystment was performed as fol�
lows. Cercarial pool (1754 larvae) was obtained
from 4 infected periwinkles and plasma pool from
5 mussel individuals. The first well of 96�wells flat�
bottom plate received 100 µl of undiluted plasma,
in following wells the plasma was diluted by serial

two�fold dilutions of the 100�µl sample with equal
volume of FSW. After dilution of the pooled sam�
ple, 30–40 “pooled” cercariae in 10 µl of sea water
were added in each well. FSW served as control
medium. Cercariae condition was examined as
above at 0.5, 1, 2, 4 and 24 h intervals. All experi�
ments were carried out in thermostabilized cham�
ber (12°C) under 24 h illumination with cold light
sources.

Data analysis. The arcsin�square root trans�
formed data from encystment experiments were
analyzed with help of the statistical analysis soft�
ware Statistica for Windows v5.5. Confidence in�
tervals (95%) of means were retransformed after
computation. Means were compared using two�
tailed t�test for depended samples, significantly dif�
ferent pairs indicated by “*” (Fig. 3). In the case of
plasma concentration�dependent effect determina�
tion, percentages of cercarial encystment and mor�
tality were compared with control estimates using
two�tailed Fisher exact test. The same approach was
used in individual comparisons (see Figs. 1a, 1b).
In the last case, confidence intervals (95%) for per�
centages were computed using Fisher exact formula
[14].

Fig. 1. Differences in survival of one cercaria “clone” in hemolymph and plasma of 9 individuals of mussels (a) and
of three cercaria “clones” in hemolymph and plasma of one mussel individual (b). For simplicity, mussels and
“clones” are arranged by their mortality.
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RESULTS

Encystment triggering effect of hemolymph. Cer�
cariae of Himasthla elongata in FSW (control me�
dium) were observed actively swimming and some�
times attaching to a plastic surface or an air–water
interface. Cercariae were rather motile in the be�
ginning of the experiment but they progressively
slowed down over 24 h. Towards the end of this
period most of the larvae sunk to the well bottom
and remained there, contracting slightly and fail�
ing to swim up. For FSW condition, the mean
numbers of cercariae that had spontaneously en�
cysted and that were dead after 24 h were 0.4% and
0.8% respectively.

Exposure of H. elongata cercariae to either whole
hemolymph or plasma of blue mussel resulted in a
vigorous increase in motility and in rate of change
of swimming direction. In the case of contact with

bottom or wall of a well, they attached to the sur�
face, showed several crawling movements scanning
plastic with anterior sack, detached and continued
dynamic swimming. Such active searching for sub�
strate suited to an encystment was attended with
gradual reducing of the swimming period and as�
cending time of the scanning. Thereupon larvae
stopped their swimming, rounded off and began the
formation of a cyst sealing it off from an aggressive
environment. During the last stage cercariae re�
leased the secretions of their cystogenic glands onto
their body surface and slowly twisted in all direc�
tions forming a round shape envelopes. After the
process had finished successfully, larvae might be
termed metacercariae (Figs. 2a, 2b, 2c, 2d) and be�
gan metamorphosis into immature maritae.

Figure 3a shows dynamic of the successful en�
cystment of cercariae in hemolymph and plasma.
Within initial 45 minutes, rate of encystment in

Fig. 2. The external view of H. elongata transformed in vitro in plasma (a), the whole hemolymph (b), and encapsulated
by mussel hemocytes ((c) inverted microscope, (d) phase contrast). MC—Metacercariae, HA—hemocytes accumu�
lation. Scale bar—200 µm.
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plasma was about 40% and twice higher ( p < 0.05)
than in whole hemolymph. In 2 h mean numbers
of encysted cercariae increased to up to about 70%
and were similar in plasma and hemolymph ( p >
0.05). After 24 h the rate of encystment has pro�
gressed ( p < 0.05) up to about 80% in plasma and
kept constant ( p < 0.05) in hemolymph. With re�
spect to control estimates (in FSW), the extent of
encystment in both test mediums was significantly
higher ( p � 0.001).

The plasma of M. edulis showed a dose�depen�
dent triggering effect on cercarial encystment. In
experiment with cercarial pool treated with pooled
hemolymph, encystment rate decreased with plas�
ma dilution (Fig. 4; transparent surface). In this,
triggering effect was significant ( p < 0.05) by 2 h in
16�fold diluted plasma (Fig. 4; point 1). Moreover,
60% of cercariae encysted by 24 h even though the
plasma was 32�fold diluted (Fig. 4; point 2). In this
experiment maximum estimates of successful en�
cystment were found in 4–8—fold diluted plasma.
Low success in undiluted plasma was evidently re�
lated with toxic effect of this medium.

Toxic effect of hemolymph. In whole hemolymph

small clumps of hemocytes, or individual hemo�
cytes, or both, were observed loosely attached to
the surface of cercaria bodies and tails. Typically
most of them were flushed away while larvae re�
tained highly motile. However, the situation
changed drastically once cercaria reduced motility
and began the encystment process—hemocytes
extensively bound to the tegument of transform�
ing larvae. The extent of binding by hemocytes in�
creased with time and led to encapsulation culmi�
nating in the metacercarial stage (Fig. 2c, 2d). It is
during this crucial encystment phase that relative�
ly high mortality of cercariae was observed. Both
whole hemolymph and cell�free plasma mediums
were toxic; after only 2 h about 10% of larvae were
dead in either ones (Fig. 3b). The majority of dead
parasites were unable to end cyst formation and
were simply ejected from an abnormal cyst enve�
lope. Without any covering, re�exposure to
hemolymph killed them within a hour. Note that
at the close of the experiment the mean percentage
of live metacercariae in plasma was significantly
higher ( p < 0.05) than in hemolymph (Fig. 3b).
With respect to control estimates, the extent of

Fig. 3. Effect of the whole hemolymph and its plasma on success of encystment (a) and mortality (b) of H. elongata
cercariae after the 45�min, 2�h, and 24�h exposition. FSW serves a control.
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mortality in both test mediums was significantly
higher ( p � 0.001).

Dose�dependent toxic effect of plasma had pat�
tern like those of triggering effect—mortality rate
decreased with plasma dilution (Fig. 4; gray sur�
face). As this take place, the past harm concentra�
tion of plasma can result from 8 and more fold dilu�
tion.

It is important to note that the toxic effect de�
scribed in the “dose�dependent” experiment, that
dealt with hemolymph pool against pool of cer�
cariae, seems to contradict the results found in the
previous experiment that involved examining the
plasma of individual mussels against separate
“clones” of cercariae. Specifically, in the former
experiment the total mortality of larvae after 24 h
was twice higher than the mean mortality in the
later one; 43 and 20% respectively. The reason for
this conflict is that being in a pool, the highly tox�
ic plasma of only one individual can significantly
influence the total toxicity. Indeed, “killing” fea�
tures of blue mussel hemolymph varied greatly
between individuals. Figure 1a shows example of
survival of one cercarial “clone” after 24 h expo�

sure to whole hemolymph and plasma of 9 mussel
individuals. In this, “low toxic” (mussels 1–5),
“middle toxic” (mussels 6, 7) and “highly toxic”
(mussels 8, 9) groups induced significantly dif�
ferent ( p < 0.05) mortality. On the other hand, 3
different cercarial “clones” showed significantly
distinct ( p � 0.01) resistance to a toxic effect of
hemolymph of one and the same mussel individ�
ual (Fig. 1b).

DISCUSSION

Before encystment, larvae must rely on special
signals to identify the specific host. Other echinos�
tome cercariae studied up to now in respect to host�
finding behavior responded to small molecular
weight components of snail�conditioned water,
such as amino acids, peptides, sugars and lipophilic
compounds [15–18]. Our observations have
shown soluble factors of the mussel hemolymph to
produce a pronounced trigger effect on the larval
encystment. Identification of these factors will al�
low potentially determining whether they are spe�
cific trigger agents or represent only unspecific “ag�

Fig. 4. Effect of the mussel plasma depending on concentration on success of encystment (the light surface) and
mortality (the gray surface) of H. elongata cercariae after the 45�min, 2�h, and 24�h exposition.
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gressive” molecules that force cercariae to look for
protection under the cyst cover.

The rate of the M. edulis invasion by H. elonga�
ta metacercariae in populations of the White Sea
varies from 8% to 100% [19]. The latter evalua�
tion on the whole confirms the idea that encyst�
ment is a very effective tactics of resistance to at�
tacks of the host defensive system. However, as
the present study shows, this very critical phase is
relatively time consuming and requires realization
of a precise program with respect to all properties
of the host defense. For both mediums examined,
as judged by in vitro experiments, cercariae must
end the transformation into metacercaria within
2 hours. Otherwise, the risk of being harmed by
mussel defense reactions increases dramatically.
In this, mussel hemocytes clearly have an impor�
tant role to play in the host defence against trem�
atode larvae. They can be divided into basophilic
and eosinophilic groups, the former including
hyaline (agranular) and granular cells and the lat�
ter only granular cells. Mussel granular hemocytes
contain two defferent types of granules, distin�
guishable by size, lectin staining characteristics,
and enzyme content [20, 21]. The presence of
numerous hydrolytic enzymes including glucosi�
dases, proteinases, and sulfatases in large gran�
ules indicates their relationship with lysosomes
[22]. Besides, an increased production of the ac�
tive oxygenic metabolites is revealed in the M. edu�
lis hemocytes [23]. In our study the cytotoxic
properties of the mussel hemocytes [24, 28] seem
very essential to determine the metacercaria mor�
tality 2 h after incubation in the host hemolymph.

On the other hand, the plasma soluble compo�
nents can play a great role in the injury of the H.
elongata larvae and on the whole in determination
of compatibility of cercariae and mussels. First of
all, lectins are involved in recognition of the “alien”
in molluscs [26] and they are established to play an
essential role in this process in M. edulis [27, 28].
Further, we have found in the mussel plasma a sig�
nificant cytolytical activity to human (groups A and
B), mouse, dog, rabbit, rat, and pig erythrocytes
(prepared for publication). Moreover, a cytotoxic
protein complex has been detected in plasma of the
closely related species M. galloprovincialis [29].
This complex consisting of several different pro�
teins (320 kDa) is able to destroy selectively the

eukaryote cells, mouse tumor cells, and parasitic
protozoa. Similar complexes might also exist in M.
edulis; they lead to the omission of the encystment
phase in H. elongata by damaging the cercaria teg�
ument or disturbing the larval physiological pro�
cesses.

The mussel hemolymph toxicity revealed in this
study is characterized under in vitro conditions by
significant individual variability. Such high variabil�
ity can reflect either the different degree of the pre�
activity of the defense system of some mussels or
individual genetic differences in both mussel sus�
ceptibility and the larvae “clone” infectivity. In ei�
ther case, the method of the in vitro encystment of
the H. elongata larvae is a very perspective method
of analysis of results of interaction between the de�
fense system of the mollusc individuals and single
“clones” of digenetic larvae. Indeed, a large hemo�
lymph volume (0.4–1.5 ml) not contaminated with
mucus or extravisceral fluid of an individual allows
testing several cercaria “clones.” In the case of the
careful hemolymph sampling, mussels survive very
well, and this procedure can be repeated after the
recovery period. In studies of the individual vari�
ability of the host defensive response, by using dif�
ferent methods up to the populational one, these
distinct peculiarities of the M. edulis/Н. elongata
model are evident advantages as compared with the
traditional “pulmonate” systems (Biomphalaria,
Bulinus, Lymnaea).
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