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Abstract

A modulation of the phagocytic activity of hemocytes from the common periwinkle Littorina littorea by secretory–excretory products
(SEP) released by trematode rediae during axenic in vitro cultivation was studied. The SEP released by the parasites Himasthla elongata
(Echinostomatidae) and Cryptocotyle lingua (Heterophyidae) were found to inhibit the phagocytosis of zymozan particles by periwinkle
hemocytes. The speciWcity of SEP eVects was assessed: SEP of Himasthla militaris and Cryptocotyle concavum, two trematodes belonging
to the same genera but infecting another closely related prosobranch snail Hydrobia ulvae, were also shown to be able to suppress L. litto-
rea hemocytes phagocytic activity. However, no decrease in phagocytosis rate was observed when SEP of H. elongata and C. lingua were
applied to monolayers of hemocytes from the bivalve mollusc Mytilus edulis. SEP from H. elongata was fractionated; only those fractions
containing proteins of molecular weight more than 50 kDa were shown to possess inhibitory activity. DiVerent H. elongata SEP concen-
trations were tested in for their ability to suppress phagocytosis by L. littorea hemocytes. Even very low SEP concentrations were shown
to retain their ability to decrease phagocytosis rate, the inhibitory eVect being dose-dependent. Hemocytes derived from snails naturally
infected with H. elongata were also found to have lower phagocytic ability as compared to healthy individuals.
© 2005 Elsevier Inc. All rights reserved. 

Index Descriptors and Abbreviations: Trematoda; Echinostomatidae; Heterophyidae; Himasthla elongata; Cryptocotyle lingua; Himasthla militaris; Cryp-
tocotyle concavum; Mollusca; Littorina littorea; Hydrobia ulvae; Mytilus edulis; Haemocytes; Phagocytosis; Innate immunity; SEP, secretory–excretory
products; FSW, Wltered sea water; PI, phagocytosis index
1. Introduction

The main eVectors of gastropod mollusc internal defence
system are hemocytes—mobile hemolymph cells responsi-
ble for the recognition and destruction of a huge variety of
pathogens. However, trematode parasites manage to evade
elimination by hemocytes. The precise mechanisms of this
phenomenon are still unclear. Notably, all the studies on
mollusc–trematode relationships carried out so far were
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concerned with a very limited number of host–parasite
model systems with snail hosts belonging to Pulmonata—
rather a specialized group of molluscs, (reviewed in Bayne
et al., 2001; de Jong-Brink et al., 2001; Fryer and Bayne,
1996; Lewis et al., 2001; Yoshino et al., 2001). In contrast to
the growing knowledge on the physiological, biochemical
and molecular aspects of host–parasite interactions in a few
well developed model systems the mechanisms underlying
trematode susceptibility or resistance in prosobranch mol-
luscs remain to be elucidated.

To gain a better understanding of the diversity of strate-
gies exploited by trematodes to overcome host snail
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internal defence systems and to clarify the peculiarities of
host–parasite relationships in diVerent mollusc taxa more
snail–trematode combinations need to be studied. The
long-living model systems are of particular interest in this
respect, since hypothetically their immune responses may
be diVerent from short-living models. The current study
considers the marine prosobranch snail Littorina littorea
and its trematodes Himasthla elongata (Echinostomatidae)
and Cryptocotyle lingua (Heterophyidae). L. littorea is an
abundant mesogastropod native to European waters, but
occurring in eastern North America and on the PaciWc
coast as well (Carlton, 1969).

The common method used to study the functional state
of eVector cells is in vitro phagocytosis assay that allows an
examination of the ability of hemocytes to recognize and
eliminate “non-self” material. Therefore, the aim of the
present investigation was to assess the inXuence of both
natural patent trematode infection and secretory–excretory
products (SEP) released by mature trematode rediae on the
phagocytic activity of L. littorea hemocytes. This is a Wrst
report on the mechanisms Xukes employ to escape attack
by the marine prosobranch snail host immune system.

2. Materials and methods

2.1. Molluscs and parasites

The rediae of four marine avian Xukes (Trematoda) were
used—Echinostomatidae: Himasthla elongata (Mehlis,
1831), Himasthla militaris (Rudolphi, 1802) and Hetero-
phyidae: Cryptocotyle lingua (Creplin, 1825), Cryptocotyle
concavum (Creplin, 1825). Intramolluscan development of
H. elongata is similar to other members of the family Echi-
nostomatidae and is characterized by the sequential pro-
duction of several distinct generations including Littorina
littorea (Prosobranchia: Littorinidae)—infective miracidia,
three parthenogenetic generations—primary or mother
sporocysts, mother and daughter rediae [here and below—
parthenitae (Galaktionov and Dobrovolskij, 2004)] and
cercariae (the infective larvae for the intermediate host—
blue mussel, Mytilus edulis). The Wrst intermediate host in
the life cycle of H. militaris diVers—parthenitae develop in
Hydrobia ulvae (Prosobranchia: Hydrobiidae). Cercariae
released from L. littorea infected with C. lingua and from
H. ulvae infected with C. concavum encyst in Wshes (black-
spot disease). In all cases, the Wnal hosts, seagulls, become
infected by eating the respective second intermediate host
containing encysted metacercariae.

Common periwinkles, L. littorea, were collected during
low tide from Kruglaya bay of Chupa inlet (Kandalaksha
Bay of the White Sea; the White Sea Biological Station
‘Kartesh’). The animals were maintained in cages and sup-
plied with food ad libitum until the experiments were
started (no longer than 3 days). Before experiments all the
snails were examined for infections by checking them indi-
vidually for shedding of cercariae. The animals that did not
shed cercaria were presumed to be uninfected and were
included in a control group. When a snail shed cercariae,
the identiWcation of trematode species was carried out
according to Werding (1969), and H. elongata and C. lingua
infected individuals were selected. After hemolymph sam-
pling each snail from the control group was investigated
under a dissection microscope for the presence of trema-
tode parthenitae in the hepatopancreas and pericardium.
The samples from individuals showing any signs of infec-
tion were excluded from the analysis. Mud snails, H. ulvae,
were collected during low tide from Seldenaya bay of
Chupa inlet. H. militaris and C. concavum infected individ-
uals were identiWed by checking snails for shedding of
cercariae. Blue mussels, Mytilus edulis, were collected from
an aquafarm in Nikolskaya bay of Chupa inlet.

Hemolymph from L. littorea was sampled by inserting a
25-gauge needle into the buccal sinus of a relaxed snail. To
evoke analgesia the animals were placed individually in
small closed jars Wlled with sea water and maintained under
anoxic conditions for several hours prior to haemolymph
collection. Mussel hemolymph samples were obtained from
the posterior adductor sinus using 1 ml disposable syringes.
In both cases, the samples were held on ice until the experi-
ments were performed but no longer than 10 min. Blood
samples collected from individual molluscs were used in all
experiments.

2.2. Obtaining the rediae-conditioned medium

To obtain trematode secretory–excretory products
(SEP), mature rediae (laden with cercarial progeny) of
H. elongata, H. militaris, C. lingua, and C. concavum
derived from tissues of naturally infected snails were axeni-
cally cultured in vitro as described fully by Gorbushin and
Shaposhnikova (2002). In short, about 400 rediae were
extensively washed with sterile sea water and placed for
48 h (14 °C) in 1 ml of culture medium (Leibovitz, L-15)
supplied with antibiotics and its osmolarity adjusted to
850 mOsm. Then, conditioned medium was collected and
centrifuged, supernatant was Wltered through 0.22�m
syringe Wlter (Millipore, USA) and stored at 4 °C for no
longer than 24 h. In all experiments, the similar but uncon-
ditioned medium was used as a control. The protein con-
centration was measured according to Bradford (1976). In
comparative experiments protein content in diVerent condi-
tioned media was equalised by dilution with control
medium.

2.3. Phagocytosis assay

The general protocol for phagocytosis assay was as fol-
lows: hemocyte monolayers were prepared on plastic petri
dishes (4 cm diameter) by placing into the center of each
dish a 60 �l—drop of hemolymph diluted 1:2 with Wltered
sea water (FSW). Diluted hemolymph was used in phago-
cytosis assays to prevent cell aggregation which made accu-
rate cell counts impossible. The dishes carrying the
hemolymph drops were left for about 1 h in a moist
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chamber at room temperature to allow hemocytes to
adhere and spread on the plastic surface. Then, hemocyte
monolayers were gently rinsed at least three times in FSW
to remove residual plasma and 60 �l of zymosan A suspen-
sion (t1.5£ 107 particles/ml) in test medium were applied
to the monolayers. After 1 h of incubation in a humid
chamber at 15 °C the hemocytes were rinsed in FSW to
remove non-ingested particles and Wxed in 4% paraformal-
dehyde in sea water. Finally, monolayers were washed twice
in distilled water and mounted in 75% glycerol. Prepara-
tions were examined using phase contrast optics and the
percentage of hemocytes that had phagocytosed at least
one zymozan particle (phagocytosis index; PI) was deter-
mined by making a count of 400 cells in several Welds of
view.

2.4. Experimental combinations

(1) The inXuence of SEP from trematodes compatible
(H. elongata, C. lingua) and incompatible (H. milita-
ris, C. concavum) with L. littorea on the phagocytic
ability of the periwinkle hemocytes was studied by the
basic phagocytosis assay with cell samples obtained
from 15 uninfected individuals using control and cor-
responding conditioned media. Here and further each
of the samples was divided into several aliquots, with
one was used for control and others for experimental
treatments.

(2) To assess the speciWcity of the trematode SEP eVect
the control experiment was carried out: SEP from
H. elongata and C. lingua were tested on hemocytes
from nine M. edulis individuals—the second interme-
diate host, a bivalve mollusc phylogenetically distant
from the Wrst intermediate host species according to
the basic phagocytosis assay using fresh L-15 medium
as a control.

(3) In the experiment testing the eVect of H. elongata SEP
concentration on phagocytosis by L. littorea hemo-
cytes increasing dilutions of the redia-conditioned
medium (1:1.5, 1:3, 1:6, and 1:12) in control medium
were applied to cells obtained from 15 uninfected
individuals.

(4) Six protein fractions of H. elongata SEP (>100,
50–100, 30–50, 30–10, 10–3, and <3 kDa) were tested
in basic phagocytosis assays. The fractionation was
performed using Microcon spin columns (Millipore,
USA) according to the manufacturer instructions. In
here monolayers were prepared using individual
blood samples collected from 12 infected and 17 non-
infected periwinkles. The fresh L-15 medium served
as control.

2.5. Statistical notes

The percentage values of phagocytosis index were
arcsin-transformed and then compared using the two-tailed
t test for paired or independent measurements. DiVerences
were considered to be signiWcant at p 6 0.05. Re-trans-
formed mean values and 95% conWdence intervals are
shown in Wgures.

3. Results

Secretory–excretory products released by rediae of com-
patible trematodes, H. elongata and C. lingua, were able to
suppress the phagocytic activity of hemocytes from the host
mollusc—L. littorea (Fig. 1). The periwinkle hemocytes
showed signiWcantly (p < 0.05) lower PI in the presence of
trematode SEP—30% and 40% for H.elongata and C.lingua
SEP treatments respectively, as compared to control values
(70%). Notably that SEP of both species of incompatible
rediae caused a similar, signiWcant (p < 0.05) decrease in PI
of L. littorea hemocytes, the mean PI values being 35% for
H. militaris SEP and 50% for those of C. concavum. Phago-
cytic indexes observed in monolayers treated with SEP of
both Cryptocotyle species tended to be higher than in
Himasthla treatments but signiWcant diVerences were
observed only between incompatible rediae (C. concavum
and H. militaris). Neither alterations in cell spreading nor
hemocytes detachment were detected during any trematode
SEP treatments.

In contrast, SEP from H. elongata and C. lingua rediae
failed to alter the phagocytosis rate of hemocytes from the
phylogenetically distant bivalve mollusc M. edulis (Fig. 2),
mean PI values for mussel hemocytes being about 95% for

Fig. 1. Phagocytosis of L. littorea haemocytes in the media conditioned by
H. elongata (HimLit), C. lingua (CryLit), H. militaris (HimHydr), C. con-
cavum (CryHydr) rediae and in the control medium; ¤diVer signiWcantly
from control mean, ¤¤diVer signiWcantly from CryHydr mean.

Fig. 2. Phagocytosis of M. edulis haemocytes in the media conditioned by
H. elongata (HimLit), C. lingua (CryLit) rediae, and in the control
medium.



N.V. Iakovleva et al. / Experimental Parasitology 113 (2006) 24–29 27
both treated with trematode SEP and control monolayers.
Since the inhibitory eVect of H. elongata SEP on its com-
patible host hemocytes activity was found to be the most
pronounced all further experiments were performed using
SEP of this trematode species.

When serial dilutions of H. elongata SEP were applied to
the L. littorea hemocyte monolayers PI increased gradually
as the Wnal SEP concentration decreased (Fig. 3). However,
even a 12-fold dilution, corresponding to a protein concen-
tration of about 0.7 �g/ml, retained its ability to suppress
zymosan phagocytosis by periwinkle hemocytes. Cells
exposed to SEP at the minimal concentration tested dis-
played signiWcantly (p < 0.05) lower PI (15%) as compared
with that for cells maintained in control medium (40%).

Only two H. elongata SEP fractions containing pro-
teins of molecular weight more than 100 kDa and between
100 and 50 kDa demonstrated an inhibitory eVect on
phagocytosis in both uninfected and H. elongata infected
snails (Fig. 4). The mean PI values for hemocytes from
uninfected snails treated with these two SEP fractions
were 31 and 28%, respectively. Hemocytes from H. elong-
ata infected molluscs generally had lower PI—13 and
11%. All these estimates were signiWcantly (p < 0.05) lower
than corresponding control values—50% for uninfected
snails and 20% for infected periwinkles. SEP fractions
containing proteins of molecular weight less than 50 kDa
did not demonstrate any suppressive activity on
phagocytosis.

Fig. 3. Phagocytosis of L. littorea haemocytes in the serially diluted
medium conditioned by H. elongata rediae and in the control medium;
¤diVer signiWcantly from control mean.

Fig. 4. Phagocytosis of L. littorea haemocytes sampled from healthy
(uninfected) and infected with H. elongata individuals in the diVerent frac-
tions of the medium conditioned by H. elongata rediae and in the control
medium; ¤diVer signiWcantly from corresponding control mean, ¤¤diVer
signiWcantly from corresponding mean for uninfected snails.
It is important to note that the trematode infection was
revealed to inXuence drastically the hemocyte phagocytic
ability. In control samples blood cells obtained from
H. elongata infected snails demonstrated signiWcantly
(p < 0.05) lower PI (20%) as compared to those from unin-
fected animals (50%) (Fig. 4; Control).

4. Discussion

Both H. elongata and C. lingua redia SEP were shown to
have a direct suppressive eVect on in vitro phagocytosis of
zymosan particles by L. littorea hemocytes. To our knowl-
edge, this is the Wrst demonstration of the ability of redial
SEP to inXuence hemocyte phagocytic properties. A similar
inhibitory eVect on phagocytosis was described for SEP
obtained from mother sporocysts for all snail–trematode
systems studied so far—B. glabrata—S. mansoni (Fryer and
Bayne, 1990), B. glabrata—Echinostoma paraensei (Loker
et al., 1992), B. glabrata—E. caproni (Humbert and
Coustau, 2001), L. stagnalis—T. ocellata (Amen et al.,
1992), L. stagnalis—Diplostomum spataceum (Riley and
Chappel, 1992). The inhibitory eVect observed was not spe-
cies-speciWc. Not only SEP from trematodes compatible for
L. littorea, but also SEP from closely related but incompat-
ible trematode species—H. militaris and C. concavum—
were found to suppress periwinkle hemocytes phagocytic
properties. Unfortunately the small size of H. ulvae (shell
height up to 5 mm) did not allow us to carry out a cross-
test, it is impossible to collect from this snail a haemolymph
sample large enough for a phagocytosis assay. Neverthe-
less, it is likely that closely related trematode species para-
sitizing in hosts belonging to the diVerent families use
similar mechanisms to evade the destruction by mollusc
hemocytes by aVecting common pathways involved in the
defence reaction. Potentially, the SEP from L. littorea and
H. ulvae parasites are able to “cross-react,” and both
H. militaris and C. concavum may be “potentially compati-
ble” with L. littorea. However, there are no data on either
experimental or natural infection in such combinations and
we leave this hypothesis for further study. Moreover, it is
evident that the phagocytic activity of a host haemocytes is
not a sole determinant of the patterns of compatibility in
snail–trematode interactions (Bayne et al., 2001).

On the other hand, SEP of rediae of H. elongata and
C. lingua failed to inhibit the phagocytosis of blue mussel
hemocytes. This fact suggests that the observed phagocyto-
sis inhibition was due to the action of rather speciWc factors
in trematode SEP but not substances that may aVect cell
viability through non-speciWc mechanisms like cytotoxic or
cytostatic molecules, proteases, etc.

Thus, the range of mollusc hosts to be inXuenced
by trematode SEP may be restricted to a group of
phylogenetically closely related species. This conclusion
agrees with data reported for the T. ocellata–L. stagnalis
system: SEP from T. ocellata were revealed to suppress the
phagocytic activity of hemocytes from its respective host
L. stagnalis but had no eVect on hemocytes from another
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non-host pulmonate snail Planorbis corneus (Nunez and De
Jong-Brink, 1997). The study mentioned dealt with sporo-
cystoid trematode species, but some redioid trematodes
(such as all those studied in the present work) seem to have
more potent abilities to modulate defence reactions in non-
host molluscs. According to the data obtained by Sapp and
Loker (2000) both sporocysts and young rediae of Echino-
stoma paraensei (Echinostomatidae) caused hemocytes
from two non-host lymnaeid molluscs to round up in their
presence; of all mollusc species tested only hemocytes from
the terrestrial snail Helix aspersa were not vulnerable to
E. paraensei sporocysts and rediae. However, two other
species of echinostomatid trematodes tested in that study—
E. trivolvis and Echinoparyphium sp.—did not show such an
eVect on any mollusc hemocytes. It is noteworthy that we
did not notice any alterations in the L. littorea hemocyte
spreading pattern after incubation in H. elongata rediae
SEP, but SEP of this species demonstrated the most promi-
nent inhibition of phagocytosis in host mollusc hemocytes.
It seems likely that haemocyte spreading and phagocytosis
are aVected by diVerent mechanisms. This hypothesis may
be supported by the fact that even diluted SEP from
H. elongata still caused a decrease in periwinkle hemocytes
PI, the eVect being dose-dependent. This phenomenon sug-
gests that competition between SEP and target particles for
cell surface receptors occurs and direct binding and block-
age of “non-self” recognizing receptors may be proposed as
the mechanism of the SEP inhibitory eVect described. The
direct binding of S. mansoni SEP to B. glabrata hemocytes
has been recently reported by Johnston and Yoshino
(2001).

The active factors in SEP from H. elongata appear to be
of high molecular weight. These data agree with those
reported by other authors for diVerent snail–trematode
combinations. Only fractions containing proteins with
molecular weight more than 50 kDa demonstrated ability
to inhibit phagocytosis. High molecular weight factors were
also found to be responsible for suppression of phagocyto-
sis of B. glabrata by SEP from E. paraensei (Loker et al.,
1992). High molecular weight component from T. ocellata
sporocyst SEP inhibits clearance of bacteria by L. stagnalis
hemocytes (Nunez et al., 1997).

The infection of L. littorea with H. elongata was found
to signiWcantly alter the snail hemocyte phagocytic abilities.
It is well known that parthenitae of trematodes belonging
to the family Echinostomatidae are able to aVect the inter-
nal defence system of the snail host as was Wrstly described
by Lie and Heyneman (1977). In several investigations
remarkable alterations in hemocyte eVector properties
(Noda and Loker, 1989a,b) in infected molluscs were dem-
onstrated. Hence, the lower PI of hemocytes from infected
L. littorea demonstrated in an in vitro assay using zymosan
particles may be attributed to impaired phagocytic ability
of blood cells in these molluscs caused by factors released
by trematode parthenitae.

The consequences of trematode mediated interference
with L. littorea haemocyte functions may be viewed from
the positions of acquired susceptibility. This phenomenon
is discussed in detail by Loker (1994) and is beyond the
scope of this paper. Here we just point out that lowered
phagocytic activity of a periwinkle infected with trema-
todes allows a potential pathogen to colonize an otherwise
immunologically resistant snail. Since zymonan A particles
are cell walls of yeast (Saccharomyces cerevisiae), it seems
likely that Xuke infection opens a “back-door” in L. littorea
internal defences not only for another trematode species
[double infections reviewed by Curtis (2002)] but also for
fungi invasion. For instance, the high mortality of common
periwinkles infected with relatively low-pathogenic species
C. lingua (Gorbushin, 2000) documented in experiments by
Huxham et al. (1993) may be attributed to the fungal
infection.

All the pulmonates studied up to now in respect to their
intimate interaction with trematodes are short-lived
semelparous species. The longevity of a parasite in such a
host is necessarily limited by the life span of the mollusc,
from as short as six months to upward of one year. Once
established in this host, parthenitae interact with the host’s
defence system for a relatively limited time, commonly for
several months. However, the perspective of much longer
survival in long-living iteroparous molluscs hypothetically
makes a trematode parthenitae utilize a diVerent tactic to
resist the snail’s immune defence. Hyman (1967) gives
L. littorea longevity in Weld of 4–10 years; our estimates
based on counting of winter-grade lines on the shells (Gor-
bushin and Levakin, 1999) indicate that snails may survive
in the White Sea for up to 27 years. The longevity of infec-
tion in L. littorea has been studied. Rothschild (1942)
observed a patent C. lingua infection in the laboratory for 7
years. Our Weld mark-recapture experiments (unpublished)
showed survival of snails infected with H. elongata over
three winters. Such a long survival in the prosobranch snail
signiWcantly raises the risk to the parasite of elimination,
due to for example, seasonal Xuctuations in host immuno-
competence causing changes from an immunologically
comfortable environment to a hostile one, even for tempo-
rally compatible parasites. Indeed, Robson and Williams
(1970) have documented that laboratory L. littorea may
lose their infection.

Thus, the L. littorea–H. elongata system, which has been
in the main focus in this study, has several features in com-
mon with those including echinostomatid trematodes but
also diVers from them in important ways. Hence, it may be
useful for comparative studies in invertebrate parasitology
and immunobiology and provides a unique opportunity to
study parasite-induced alterations of the gastropod internal
defence system in long-term existing snail–trematode com-
bination.
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