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Abstract
Numerous investigations during the last few decades have clearly demonstrated the existence
of a wide array of immune mechanisms in teleosts. An increasing amount of evidence indicates
that both non-specific and specific factors in the humoral and cellular fish immune systems are
well developed. However, a successful co-evolution of the host and its parasite necessitates
that the latter develop evading mechanisms in order to avoid extinction. Some parasites have
even understood to benefit from the well developed antiparasitic armament in fish epithelia.
Thus, a range of parasites are exploiting the antiparasitic response mechanisms of the host to
optimize host-finding, invasion and survival in the host. Such interactions between hosts and
parasites are phylogenetically old. These dynamic interactions between hosts and invaders
have been observed in various branches of fish parasitology. Experiments with protists such as
Ichthyophthirius multifiliis and monogeneans such as Gyrodactylus derjavini indicate that para-
sites are activated by factors in host mucus (first line of defence) and actively search for epithe-
lia rich in mucous cells. Some monogeneans, cestodes, digeneans, acanthocephalans and crus-
taceans are able to resist pronounced cellular host reactions which even will improve the at-
tachment of the parasites to the host tissue. Despite these evading mechanisms in the parasites
it is possible to use immunoprophylactic measures to control infections. Some parasites are
indeed actively rejected by their potential hosts provided these are effectively immunized at
certain early points before infection.

Correspondingly, the studies on effector
mechanisms and effects on various viral, bac-
terial and parasitic (Secombes & Chappell,
1996) pathogens have documented that telosts
are fully capable of activating a number of re-
sponse mechanisms in order to prevent infec-
tion or to eradicate established pathogens. A
number of investigations have also shown
beyond any doubt that both innate and ac-
quired immune effector mechanisms against
parasites are working in a range of teleosts

Introduction
During the latest three decades the research
activity in the field of general fish immunol-
ogy has expanded significantly and our
knowledge of both cellular and humoral im-
mune mechanisms in a range of teleosts is
rapidly increasing. The basic understanding
of immunoglobulin structure and function,
the teleost complement system, lymphocytes
and granulocytes has been considerably im-
proved in this period (Pastoret et al., 1998).
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(Woo, 1992). However, if these mechanisms
were highly effective and able to offer total
protection to the host it would result in ex-
tinction of the parasites. Evidently this is not
the case as numerous investigations have
documented the existence of a rich
parasitofauna in every habitat supporting
teleosts. We know that every fish species has
one or several often very specific parasites in
addition to a number of less specific
parasites.This will include both protozoans
and metazoans and we know that the total
number of described fish helminths alone at
present exceeds far more than 30,000
(Williams & Jones, 1994). Therefore it is evi-
dent that a parasite must posses evading
mechanisms in order to survive as species. It
even occurs that some parasites profit from
the antiparasitic armament of the host to im-
prove their infection success including host
finding, invasion and survival in the host. It
is known from mammalian immunology that
some parasites utilize central molecules of the
immune system to invade the host. One clas-
sic example of such parasites is Leishmania in-
fecting macrophages, one of the main immune
effector cells of the host. The binding between
the parasite and the macrophage is crucial for
the infection. This is accomplished by inter-
actions between complement receptors on the
host cell membrane and deposited comple-
ment-factors on the parasite (Wakelin, 1996).
Following entry into the parasitophorous
vacuole of the macrophage the Leishmania

parasite survives by modulating the oxidative
bursts of the cell and changing expression of
MHC II and cytokines of the host cell (Bogdan
& Röllinghoff, 1999). Also the
immunologically important mammalian M
cells (membraneous epithelial cells) in mu-

cosal epithelia (which transport antigens from
the surface to the underlying lymphoid tis-
sue) are exploited by pathogens as a gateway
into the host. M cells have crucial functions
in presenting foreign antigens to the host im-
mune system and represent an important role
in the gut associated immune system. How-
ever, Salmonella typhimurium, Yersinia

enterocolitica and Shigella flexneri exploit these
cells of the antiparasitic armament to improve
their own infection success. They are among
the pathogens benefitting from binding to M
cells and subsequently in this way are getting
access to the host (Jepson & Clark, 1998). Hu-
man airway epithelial cells are equipped with
CFTR (cystic fibrosis transmembrane con-
ductance regulator receptors) which play an
important role in the host defence. The
receptors will bind Pseudomonas aruginosa

which subsequently will result in internaliza-
tion and elimination of this bacterium. How-
ever, certain other microorganisms such as
Salmonella typhi  probably use CFTR to
translocate from the lumen of the
gastrointestinal tract to the submucosa (Pier,
1998). Thus, the immune mechanisms di-
rected against certain pathogens can facilitate
the entry of others. Cytomegaloviruses evade
the host immune response by selecting
priviledged tissues with a less stringent im-
mune surveillance, by producing latent stages
with low expression of viral genes and by
modulating the host immunity though pro-
duction of distinct factors (Hengel et al., 1998).
Several other pathogens evade and modulate
the host immune systems in a number of ways
including antigen switching (Plasmodium and
Trypanosoma). Also helminths have developed
strategies to protect themselves against the
host immune system. Thus, Schistosoma man-
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soni seems to acquire host molecules (eg.
MHC and immunoglobulin), which are bound
to the worm tegument as a disguise leaving
the parasite protected from the host immune
response (Wakelin, 1996). In addition, the
schistosomulum invading the skin secretes an
anti-inflammatory protein which will down-
regulate the antiparasitic response
(Ramaswamy et al., 1996). Plerocercoid stages
of cestodes (Spirometra erinaceieuropaei) are
able to survive prolonged periods in a fully
immunocompetent host. Evidence has in this
case been presented for a parasite induced
reduction of gene expression in the host cells,
especially for tumor necrosis factor (TNF), a
proinflammatory cytokine (Miura et al., 1998).
Also arthropod parasites as ticks are able to
induce immunosuppression of the host by
modulating macrophage functions and T-cell
responsiveness (Wikel et al., 1994). Similar
mechanisms in pathogens exploiting the fish
immune system are likely to occur in teleosts.
The present paper describes some well estab-
lished antiparasitic immune reactions of fish
against selected parasites and suggests vari-
ous ways in which these are exploited by the
invading organisms to improve infectivity
and optimize parasite survival.

Parasites’ immune evasion and
exploitation of immune reactions in fish
Flagellates
One of the most pathogenic flagellates is
Cryptobia salmositica causing severe malfunc-
tions in the susceptible salmonid host (Woo,
1992). Recent work has shown that not only
specific antibodies but also complement play
an important role in immunity. Likewise cel-
lular responses are invoved in immunity to

this pathogen and the recovered fish are re-
sistant to challenge infections. Thus, it is pos-
sible to vaccinate rainbow trout and char with
an attenuated live vaccine (Woo, 1996). How-
ever, the parasites possess an
immunosuppressing activity which will affect
the susceptibility not only to C. salmositica but
also to other pathogens.

Ciliates
Ichthyophthirius multifiliis is one of the main
parasites in freshwater fish. Both wild and
cultured fish populations suffer from infec-
tions with this pathogenic ciliate invading the
epidermis of the host (Ewing et al., 1985,
Kozel, 1986, Ewing & Kocan, 1992). However,
it has been clearly documented that the host
is able to mount a protective immune re-
sponse when exposed to sublethal infections
(Hines & Spira, 1974, Bauer, 1958, Wahli &
Meier, 1985, McCallum, 1986, Wahli &
Matthews, 1999). The research into this phe-
nomenon has focussed on various cellular
(Graves et al., 1985, Cross & Matthews, 1993,
Cross, 1994, Sin et al., 1996) and humoral
(Clark & Dickerson, 1997) aspects and a re-
cently presented model suggested that spe-
cific antibodies present in the immune host
bind to the invading theront and elicit the es-
cape reactions and subsequent exit of the
parasite from the epidermis (Clark &
Dickerson, 1997). It is well known that anti-
bodies occur in the skin and mucus of fish and
often in association with goblet cells. How-
ever, recent investigations on the host find-
ing of Ichthyophthirius multifiliis have indi-
cated that the parasite is attracted to mucous
cell rich areas in the skin (Buchmann et al.,
1999). Further it even appears that host pro-
teins in the mucus attract the theront. By ana-
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lysing a range of molecules (carbohydrates,
fatty acids, peptides and serum proteins) us-
ing a chemoattraction assay it was seen that a
limited number of proteins including immu-
noglobulin from the host attract theronts
(Buchmann & Nielsen, 1999). Previous stud-
ies did also indicate that macromolecules from
the fish host attracted theronts (Lom &
Cerkosovova, 1974). Further studies should
characterize this chemoattraction which indi-
cates that the immunoglobulin production
(among other factors) of the host skin is ex-
ploited by the parasite in host finding. Both
naive and immune hosts could be located by
the parasite in this way. However, only the
naive host (without specific immunoglobulin)
would support an infection as theront are
forced to exit the immune host after binding
of specific immunoglobulin (Clark &
Dickerson, 1997). This is in accordance with
the fact that vaccination against
ichthyophthiriasis is feasible (Dickerson et al.,
1985, Burkart et al., 1990, Ling et al., 1993, He
et al., 1997).

Microsporeans
The microsporeans invade host cells and pro-
duce numerous spores in the host tissue. It
has been documented that the turbot is able
to mount a humoral reaction against
Tetramicra brevifilum (Leiro et al., 1993). In ad-
dition, eels are able to respond with a specific
antibody reaction against several antigens in
the microsporean parasite Pleistophora

anguillarum (Buchmann et al., 1992 a, Hung et

al., 1996). Although this humoral reaction is
concomitant with a cellular reaction (T’sui &
Wang, 1988) it will not prevent sporulation.
Probably the intracellular location of this
microsporean protect it partly from the reac-

tions but exactly how it evades the response
is unknown. One of several possible ways
could be as described for Glugea stephani. This
microsporean is infecting cells in the intesti-
nal wall of flounders and was found to modu-
late the antibody response and immunoglobu-
lin production in the host (Laudan et al., 1987).

Myxosporeans
These parasites are widespread endoparasites
in fishes. The pathogenic Myxobolus cerebralis

has been reported to elicit a specific antibody
production in rainbow trout (Griffins & Davis,
1978). However, the great evolutionary suc-
cess of this group indicates an adaptation to
the host immune system. McArthur &
Sengupta (1982) presented evidence for the
presence of a mimicry survival strategy of
myxosporeans infecting eels. The cross reac-
tions between eel tissue and myxosporeans
suggested that the parasites exhibited host
antigens in order to protect them against host
responses. The sequestration of sporogonic
stages as seen in Myxidium giardi on the gills
of European eel could also be suggested to
offer a mechanical based protection against
host immune responses.

Monogeneans
Various aspects of immune responses against
monogenean parasites have been studied.
Several species have been studied including
gyrodactylids on guppies (Richards & Chubb,
1996), G. salaris on various salmonids (Bakke
et al., 1990) and Gyrodactylus derjavini on rain-
bow trout (Buchmann & Bresciani, 1998,
Lindenstrøm & Buchmann, 1998, Buchmann,
1999). Evidence for the production of specific
antibodies against antigens in monogeneans
was presented by Vladimirov (1971),
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Buchmann (1993), Wang et al. (1997), Mazzanti
et al. (1999). However, the first line of defence
against foreign material attaching to the sur-
face of the fish is production and subsequent
release of mucus. Nonetheless, recent work
indicates that this defence mechanism is used
by parasites to locate the host. Studies on
Gyrodactylus derjavini parasitizing rainbow
trout showed that fins with a high density of
mucous cells are the preferred microhabitats
of the parasite in the initial part of the infec-
tion. Despite the location of most of these
parasites to the external surface of the fish it
seems that responses against these pathogens
are fully capable of affecting the infection af-
ter some weeks. Following activation of the
host response (which also includes the mu-
cous cells) a significant number of parasites
translocate to the corneal surface where mu-
cous cells, mast cells and macrophages are
absent (Buchmann & Bresciani, 1998). Several
studies have described extensive cellular re-
actions of fish gills against monogeneans.
Epithelial outgrowths partly embedding the
monogenean in gill tissue were seen in vari-
ous fishes such as Molva dipterygia elongata

infected with Linguadactyla molvae

(Bychowsky, 1957), Diplectanum aequans on sea
bass (Olivier, 1977), Cleidodiscus robustus on
bluegill (Thune & Rogers, 1981) and
Pseudodactylogyrus bini on eels (Buchmann,
1988). It is generally assumed that intricate
immunological reactions are associated with
these epithelial reactions (Buchmann, 1999).
However, surprisingly these extensive reac-
tions do not always appear to produce imme-
diate adverse effects on the monogeneans. In
contrast, it is seen that some of these gill para-
sites in some cases will improve their attach-
ment to the gill structures due to the embed-

ding reaction. Thus, Pseudodactylogyrus bini,
a gill monogenean with small hooks, appear
to obtain a more secure attachment due to the
epithelial reaction of the eel gill surrounding
the hind part of the parasite. Histological sec-
tions even show an intact tegument despite
the close contact with the host cells. The
mechanisms responsible for this parasitic ex-
ploitation of the host response should be char-
acterized.

Cestodes
Various studies have shown that teleosts re-
spond to infections with cestodes. Both hu-
moral (antibodies, complement and CRP) and
cellular elements participate in these reactions
(Hoole, 1994, Taylor & Hoole, 1995, Morley &
Hoole, 1997). Cellular reactions in fish against
cestodes such as Diphyllobothrium dendriticum

were studied by Sharp et al. (1991). It was
shown that parasite killing was readily accom-
plished by host macrophages in vitro. How-
ever, in some cases it seems that the in vivo

situation differs markedly. Otherwise the in-
tricate life cycle including the teleost as inter-
mediate host would be broken. Evidently the
parasite possess evading mechanims al-
though these have not been clearly defined
yet. Heavy tissue reactions of the pyloric caeca
in trout are provoked by the infection with
Cyathocephalus truncatus (Hermanns &
Körting, 1987, Buchmann, 1987). However,
this reaction does not seem to affect the ces-
tode adversely as the parasite’s egg produc-
tion proceeds satisfactorily despite the reac-
tion. Actually the attachment of the parasite
to the host is considerably improved due to
this inflammatory reaction which encapsulate
the scolex in a spherical tissue structure com-
prising a constriction below the cup-shaped
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scolex. Fish parasitologists will know that it
is very difficult to recover the whole parasite
without a careful dissection of the inflamed
pyloric caecum (Buchmann 1987). It appears
that the parasite has managed to exploit the
host response to improve its own attachment
and survival.

Digeneans
Infections with digeneans elicit various re-
sponses in the fish host. The blood fluke
Sanguinicola inermis elicits different responses
of host leukocytes as studied by Richards et

al. (1996). Thus, severe damages to the
tegument of exposed adults and cercariae
were recorded. However, the parasite which
inhabit the heart and blood vessels of the host
must possess evading mechanisms as it evi-
dently survives the direct exposure to host
immunoglobulin, complement and
leukocytes. If these correspond to mecha-
nisms in the related schistosomes need to be
investigated (see Wakelin, 1996). It has also
been shown experimentally that various
teleosts respond with a specific antibody pro-
duction to Cryptocotyle lingua (Cottrell, 1977,
Woods & Matthews, 1987) and the capsule of
host cell origin surrounding the encysted
metacercaria is due to the cellular response
of the infected host. This reaction probably
exerts limited effects on the parasite due to
the protecting cyst wall produced by the para-
site. For the parasite the reaction could be
beneficial as it ensures a safe location in the
exposed fish skin. The eye-flukes Diplostomum

spathaceum and Tylodelphys clavata select cer-
tain immunopriviledged sites in the host. The
metacercariae of these two species occupy the
eye lens and the corpus vitreum, respectively.
These habitats are free from inflammatory

cells and lymphocytes whereby the parasites
will improve their survival by choosing this
location. Thus, the parasites are not encapsu-
lated by host cells (and do not produce a cyst
wall themselves) and move actively in their
locality. Only at high infection intensities
pathological conditions will arise leading to
cataract in the host. It has been demonstrated
that the rainbow trout reacts both with a spe-
cific antibody reaction against the eyeflukes
(Bortz et al., 1984) and is able to mount a cel-
lular reaction (Whyte et al., 1989). However,
it seems that primarily non-specific responses
protect against challenge infections with cer-
caria (Höglund & Thuvander, 1990). These
responses do not reach the established
metacercariae but only invading cercariae.

Nematodes
The swimbladder nematode Anguillicola

crassus is a pathogenic nematode infecting the
swim bladder of Anguilla spp. The host reacts
to the infection by a pronounced inflamma-
tory reaction in the swimbladder wall (Molnár
et al., 1993) and specific antibodies against
various worm antigens will be found in the
serum of the infected fish (Buchmann et al.,
1992, Höglund & Pilström, 1995, Nielsen &
Buchmann, 1997). One of the reactions in fish
against pathogens is the production of reac-
tive oxygen radicals. The worm seems to pos-
sess a detoxifying enzyme, gluthatione-s-
transferase, and in this way evade the attack
of the host. If a similar mechanism exists in
Pseudoterranova decipiens coping with the cel-
lular immune response of rainbow trout de-
scribed by Ramakrishna et al. (1993) should
be studied. Also other teleosts (even Antarc-
tic fish) are responding by the production of
specific antibodies against proteins from
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nematodes such as Contracaecum osculatum

(Coscia & Oreste, 1998). Whether these anti-
bodies have any effect on the parasite is un-
known.

Acanthocephalans
The fish host is capable of responding
immunologically to infections with
acanthocephalans. Hamers et al. (1992)
showed that host macrophages interact with
the eel pathogenic acanthocephalan
Paratenuisentis ambiguus in vitro and a number
of studies have described inflammatory reac-
tions against acanthocephalan infections in
various fish species. Harris (1972) showed that
fish mount an antibody reaction to infections
with Pomphorhynchus laevis but no evidence
for an protective effect of this response was
provided. This spiny headed worm is an in-
testinal parasite penetrating the intestinal wall
of the host. The proboscis is inserted into the
submucosa and an inflated bulb behind the
spines improves the attachment. However, the
most effective anchoring of the worm is actu-
ally accomplished by the host itself. Upon in-
fection a marked inflammatory reaction oc-
curs and the tissue reaction around the pro-
boscis and the bulb secures a firm attachment
making it almost impossible to remove this
acanthocephalan without careful dissection.
Thus, the parasite is circumventing the re-
sponse of the host by utilizing the tissue reac-
tion for improved attachment. The immune
evading mechanisms are unknown.

Crustaceans
Several crustacean parasites are highly patho-
genic and elicit severe reactions of the inflicted
tissue. The caligid copepods Lepeophtheirus

salmonis and Caligus elongatus induce produc-

tion of specific antibodies in the Atlantic
salmon (Reilly & Mulcahy, 1993). However, it
is known that clear protective host responses
against these copepods are limited to a re-
duced reproduction of the crustaceans on the
immunized fish. The parasitic copepod
Lernaea cyprinacea attaches to the fish body and
penetrates deeply into the tissue where the
anchoring apparatus secures an effective as-
sociation with the host. Woo & Shariff (1990)
found indications of a protective immunity
against this pathogen in Kissing gourami.
However, this did not cause sterile immunity
but reduced the reproductive success by re-
ducing egg production and egg survival in
parasites from challenged fish. As found for
other parasites the inflammatory reactions in
the host tissue will for a limited time improve
the attachment of the parasite. Parasitologists
working with Ergasilus gibbus on eel gills and
Lernaeocera branchialis on flounder gills will
often experience that removal of these crus-
tacean parasites is difficult due to the host
reaction embedding the attachment appara-
tus of the parasite. How the invader is coping
with this reaction is unknown.

Conclusions
The research activity in the field of fish im-
munology has expanded significantly during
the latest decades and we are gaining still
more information about the intricate reactions
of teleosts against various pathogens. How-
ever, parasites from mammals possess a
number of survival strategies which allow
them to survive the attack of the host immune
system and even exploit it for improved sur-
vival and reproduction. The well established
concept of concomitant immunity in parasi-
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tology (where a host is able to resist challenge
infections despite adults worms are surviv-
ing satisfactorily in the same host) is an ex-
pression of this phenomenon. Unfortunately,
the knowledge of the immune evading
mechanisms in fish parasites is still limited
but it is evident from numerous examples that
also parasites infecting teleosts possess abili-
ties for survival and reproduction despite ex-
tensive reactions of the host. However, the
exact nature of the involved mechanisms are
still poorly elucidated. Therefore future re-
search should concentrate on these issues.
When comparing with the progress achieved
in mammalian parasito-immunology a
number of important lines appear and a
number of questions should be posed. How
do the fish parasites evade the immune attack
of the fish? Do they produce anti-inflamma-
tory factors? Do they produce factors which
reduce the expression of genes for inflamma-
tory cytokines? How do the parasite’s surface
membrane resist the attack of noxious sub-
stances produced by the host? Do the para-
sites produce detoxifying enzymes which re-
duce the effects of oxidatory bursts? Do the
fish parasites obtain host molecules and in-
sert them in their membranes making them
less visible for the host immune system? Do
fish parasites invade the host organism by the
use of receptors for immunoglobulin, comple-
ment or other factors in the immune system?
Do the parasites find the host by
chemoattraction to mucus ? By
chemoattraction to immunoglobulin? By
chemoattraction to other central molecules in
the immune system? To what extent are para-
sites seeking or creating immunopriviledged
sites in the host? These and related questions
are likely to be answered in the future along

with the improved understanding of basic
parasito-immunology. By gaining such
knowledge it is likely that further vulnerable
elements of the parasites will be revealed.
Thus, recent results indicate that hidden an-
tigens of nematodes are good candidates for
vaccines against metazoan parasites (Newton
& Munn, 1999). This will make it even more
realistic to produce effective antiparasitic
vaccines not only against protists such as
Ichthyophthirius multifiliis and Cryptobia

salmositica but also against metazoans such as
monogeneans, cestodes, digeneans, nema-
todes, acanthocephalans and crustaceans.
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