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Abstract. The swimbladder parasite Anguillicola crassus Kuwahara, Niimi et Itagaki, 1974 (Nematoda: Dracunculoidea) is a
well-known pathogenic parasite of the Japanese and European eels. Numerous studies on the life cycle of the parasite have re-
vealed the involvement of a copepod or an ostracod intermediate host and a fish paratenic host, in which the third-stage larvae
(L,) infective to the eel develop. The present study comprised infection experiments with the larvae of A. crassus. These experi-
ments can be divided into three groups: (1) experimental reproduction of the parasite’s life cycle via copepod intermediate hosts
and fish paratenic hosts, (2) infection of another potential paratenic host with third-stage larvae of A. crassus collected from a
paratenic host; (3) study of the ability of larvae damaged by paratenic hosts to infect the final host, the eel. Infection experi-
ments have revealed that larvae which are still viable but have become encapsulated as a result of the host reaction mounted
against them by cyprinid paratenic hosts (bleak, Alburnus alburnus) have lost their ability to infect the final host, the eel. At the
same time, experimental infection of the eel with larvae derived from other paratenic fish hosts (river goby, Neogobius fluviati-

lis; ruffe, Gymnocephalus cernua) showing no or only weak host reaction proved to be successful.

The nematode Anguillicola crassus Kuwahara, Niimi
et Itagaki, 1974 parasitises the swimbladder lumen of
the European eel (Anguilla anguilla L.). 1t infects Ja-
panese and European eels, but appears to be pathogenic
in European eels only, in Europe and Japan. It has re-
cently been reported also from the American eel, An-
guilla rostrata, from the southern part of the USA
(Johnston et al. 1995). It was brought into Europe in the
early 1980’s, and then rapidly spread throughout the
continent. The parasite was first detected in Germany
(Neumann 1985). Detailed data on its prevalence and
incidence in Europe have been reported by Kaie (1991)
and Moravec (1992). The literature is relatively abun-
dant in data on the development of A. crassus. Apart
from a few early studies made in Asia (Hirose et al.
1976, Egusa 1979), this question has mainly been dealt
with by European authors (Haenen et al. 1989, Petter et
al. 1989, De Charleroy et al. 1990, Kennedy and Fitch
1990). Like the related species A. globiceps Yamaguti,
1935 known from the Far East, A. crassus has been
found to develop with the participance of a copepod
(Cyclopidae or Ostracoda) acting as intermediate host,
which becomes infected with second stage larvae which
then develop into third-stage infective larvae (L,) within
the intermediate host. Eels become infected by ingesting
the infected copepods. In the eel’s swimbladder wall the
larvae develop further into 4th-stage (preadult) larvae

(L) which then reach their maturity in the swimbladder
lumen. Although this life cycle pattern is undoubtedly a
valid one, the studies of Cannaerts (1989), Haenen and
van Banning (1990), Héglund and Thomas (1992), Tho-
mas and Ollevier (1992), Pazooki and Székely (1994)
and Székely (1994,1995) have called attention to the
fact that under natural conditions the eel, a fish species
which rarely feeds on plankton, becomes infected via
paratenic hosts. Results obtained to date indicate that
only eel species can act as the final host for A. crassus;
however, practically all fish species are potential para-
tenic hosts of that parasite. Haenen and van Banning
(1990) recorded 5, Thomas and Ollevier (1992) 16,
while Székely (1994, 1995) 20 and 22 fish species, re-
spectively, acting-as paratenic hosts for A. crassus. The
transmission of infection from paratenic fish hosts to the
eel has been demonstrated experimentally by Haenen
and van Banning (1991) and Moravec and Konecny
(1994). Thomas and Ollevier (1992) reported marked
differences in the incidence of A. crassus larvae in dif-

‘ferent paratenic host species: they detected the larvae

much more frequently in percid fishes and gobies than
in cyprinids, and pointed out that in the perch third-
stage larvae occurred together with fourth-stage larvae
and preadult forms. :

Data on the viability of Anguillicola larvae in para-
tenic hosts have been published by Thomas and Ollevier
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(1992), Pazooki and Székely (1994) and Székely (1994,
1995) who demonstrated that in certain fish species (e.g.
river goby) the larvae survive much longer than in other
species. Histological studies on the type of host reaction
mounted against the larvae in paratenic hosts have been
carried out by Székely et al. (1996).

This paper reports the results of infection experi-
ments carried out with the second- and third-stage lar-
vae of A. crassus. These experiments can be arranged
into three groups: (1) Reproduction of the life cycle in
the known way (through copepod intermediate hosts
and fish paratenic hosts); (2) production of larval infec-
tion in a potential paratenic host with third-stage larvae
collected from another paratenic host species; (3)
studies on whether the host reaction (encapsulation of
larvae) developing in certain paratenic fish hosts (e.g.
bleak) can affect the ability of larvae to infect the final
host (i.e. the eel).

MATERIALS AND METHODS

1. Experiments to infect intermediate hosts and potential
paratenic hosts and to study the host reaction mounted by
them against the larvae (Table 1) )

The second-stage larvae of Anguillicola crassus used in the
experiments were collected from the swimbladder of eels
caught from Lake Balaton; and then fed to copepods belong-
ing to the genera Cyclops and Diaptomus (not identified more
closely). During the experiments the copepods were kept in
aquaria pretreated with rabbit manure. A total of 4 experi-
ments were performed. After 15-24 days the copepod stocks
were examined for the presence of third-stage larvae of A.
crassus; if such larvae had developed in them, the copepods
were fed to different potential paratenic fish hosts (marmoured
goby, Proterorhinus marmoratus Pallas, 1811; bleak, Albur-
nus alburnus Linnaeus, 1758; common carp, Cyprinus carpio
Linnaeus, 1758; goldfish, Carassius auratus auratus Lin-
naeus, 1758) of small size (4-7 cm). The fish were assigned to
groups of 5-20 individuals each, and monitored for the devel-
opment of host reaction by dissection in the period between
3-178 days post infection (DPI). Some of these small fish
(marmoured goby, bleak) were obtained from waters where no
anguillicolosis had yet occurred, while others (common carp,
goldfish) were cultured in a parasite-free manner in aquaria.

Evaluation of the experiments was done by light-micro-
scopic examination of squash preparations made from the ab-
dominal organs of the fish between two slides.

2. Experiments to infect potential paratenic hosts with
Anguillicola crassus larvae collected from other paratenic
hosts living in Lake Balaton (Table 2)

For these experiments, third-stage larvae of A. crassus lo-
cated on the outer surface of the gut and unaffected by.the
host reaction were collected by dissection under microscope
from river gobies (Neogobius fluviatilis Pallas, 1811) living in
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Lake Balaton. These larvae, together with pieces of the in-
fected gut, were fed to common carp fry reared parasite free in
the laboratory. The pieces of gut were offered individually
with tweezers. The mean number of larvae fed to one fish was
38, 30, and 35 in the different experiments. Common carp fry
were killed 6, 17 and 21 DPI and fresh preparations made
from their abdominal organs were examined for the presence
of Anguillicolu larvae under microscope.

3. Experiments to infect the final host (European eel) with
different types (free or encapsulated) larvae collected from
fish paratenic hosts (Table 3)

The eels used in the study had been derived from the
Anguillicola-free stock of the Héviz eel farm. These eels were
infected with third-stage larvae of A. crassus collected from
Lake Balaton fish of 5-8 cm body length. The larvae used for
infection included encapsulated live larvae collected from
bleak and free live larvae collected from ruffe (Gymnoce-
phalus cernua Linnaeus, 1758) and river goby. As larvae oc-
curred on the outer surface of the gut in the highest number,
only larvae found in such a location were used for infection.
After gently squashing the infected gut segments between
slides, the larvae were counted under microscope. The in-
fected intestinal segments were suspended in 0.65 % saline
solution and injected into the eels’ stomach via a tube, without
anasthetising the eels. The infective dose was 10-100 larvae
per eel. The larvae administered to each eel had usually been
collected from several specimens of a given paratenic host
species. A total of 19 eels were infected (6, 5 and 8 with lar-
vae collected from bleak, ruffe and river goby, respectively).
The eels were killed between 22 and 97DPI and their swimb-
ladders were examined for the presence of Anguillicola larvae
as well as preadult and adult stages. '

RESULTS

1. Experiments to infect intermediate hosts and
potential paratenic hosts and to study the host
reaction mounted by them against the larvae
(Table 1)

Anguillicola crassus larvae were consistently de-
tected in the Cyclops and Diaptomus intermediate hosts
used for the experiments 15, 16, 17 and 24 DPI. The
average prevalence of infection was 5-10 %, while its
intensity was variable: in experiments 1, 3 and 4 a lower
intensity (1-2 larvae per infected copepod; marked + in
the table), whereas in experiment 2 a higher intensity of
infection was observed (1-4 larvae per infected cope-
pod; marked ++ in the table). By feeding infected
copepods to paratenic host fish of small size, infection
by third-stage larvae was successfully established in all
fish species used (marmoured goby, bleak, common
carp, goldfish). In cyprinids, host reaction against the
larvae was demonstrable soon after infection. Death of
the larvae could be observed also in the common carp.
In the bleak, which also belongs to cyprinids, the
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Table 1. Infection experiments with second and third-stage larvae of Anguillicola crassus in some intermediate and paratenic

hosts.
Intermediate hosts Paratenic hosts
Duration of Duration of Intensity of infection with larvae
No. of ex-| Intermediate |experiment Intensity of| Species of experiment Prevalence* :
periment {  host used (days) infection | infected fish (days)  of infection | free live enc. live free dead enc.dead
1 Cyclops sp. 17 + Proterorhinus 20 2110 1,2 - - -
+ marmoratus 60 3/10 1.3,3 B _ _
2 Cyclops sp. 16 2+ Alburnus 3 171 1 - - -
alburnus 19 1”1 _ 6 _ _
31 o - - - -
67 11 1 2 - -
87 171 - 2 - 3
178 01 - - - -
4/6
Cyprinus °3 171 15 - - -
carpio 19 o - - - -
3 1/1 1 - - -
67 01 - - - -
87 127 - - - 4
178 12 - - -
| a8
Carassius 3 171 10 - - -
auratus
auratus 19 Ry 2 - - -
31 171 - - 5 -
67 111 - - 1 -
87 11 - 1 - -
178 2/4 1,2 - - -
719
3 . Cyclops sp. 15 + Cyprinus 35 173 o - - - 1
carpio 89 on _ _ _ _
1/5
Carassius au- 35 2/3 1,2 - - 1,2
ratus auratus 89 o _ _ _ _
; 2/4
4 Diaptomus sp. 24 + Alburnus 85 6/8 - 1,1,2,3 - 2,3
alburnus

* number of infected fish / number of all fish examined

encapsulation of larvae had taken place already by 19
DPI, and a proportion of the encapsulated larvae had
died by 87 DPL. It was interesting that in another cypri-
nid, the goldfish, an encapsulated but still living larva
was found only on a single occasion, while in two cases
death of the larvae took place without a cellular host
reaction. Twenty days after infection only live larvae
were found in the marmoured goby, the species repre-
senting gobies in this experiment.

2. Experiments to infect potential paratenic hosts
with Anguillicola crassus larvae collected from other
paratenic hosts living in Lake Balaton (Table 2)

The feeding of free live larvae collected from river
goby to common carp resulted in larval infection of the
“second” paratenic host in 2 out of the 3 experiments.
Cellular reaction against the larvae was rapid: thus, on
day 6 encapsulated but still living larvae were observed
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Table 2. Experiments to infect a paratenic host with Anguillicola crassus larvae from another paratenic host.

No. per | Type of No. of | Method | Time between Intensity of infection with larvae
No. f’f ex-| Origin |exposed |3rd-stage| Species |exposed of exposure ?\nd Pre;valeqce free | enc* | free EE
periment fish larvae fish |exposure| examination |of infection e ] T
1 Neogobius 38 Cyprinus 2 6 days 2/2 2 3 1 -
2 o, | Tt 1 s free | 9P | 5 | feeding | 21 days s g | bomiwnd _ 1
3 30 5 17 days 0/5 - - - -

* enc. = encapsulated

while on day 21 encapsulated dead larvae were
detected.

3. Experiments to infect the final host (European eel)
with different types (free or encapsulated) larvae
collected from paratenic fish hosts (Table 3 and Fig.
1)

Six eels were administered, through a gastric tube,
live encapsulated third-stage larvae of A. crassus col-
lected from the bleak (10, 12, 19, 24, 26 and 35 larvae,
respectively). The infection was not successful in any of
these cases. At dissection carried out 22-71 DPI neither
larvae in the swimbladder wall nor adult stages in the
swimbladder lumen were found. No larvae were found
in the intestinal wall of dissected eels (Table 3, experi-
ments 1-6).

The infection of 5 eels, through a gastric tube, with
free live larvae collected from the ruffe yielded the fol-
lowing results. The eels infected with 20 and 28 larvae

Intensity of infection

No. of experiment 6

Bruffe 8 i

Mriver goby

Fig. 1. Experiments to infect the final host (the European eel)
with third-stage larvae of Anguillicola crassus of different
status (free. or encapsulated), collected from fish paratenic
hosts.
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remained negative, while those infected with 51, 95 and
100 larvae were found to harbour 2, 7 and 5 adult and
preadult A. crassus stages, respectively, in the swimb-
ladder at dissection carried out 45-56 DPI (Table 3, ex-
periments 7-11).

Eight eels were infected, through a gastric tube, with
8, 12, 20, 30, 55, 55, 58 and 89 free live larvae, respect-
ively, collected from the river goby. Anguillicola in-
fection was demonstrable in 4 out of the 8 eels (50 %)
29-97 DPI. The intensity of infection was as follows:
on 75 DPI with 8 larvae 5 adult stages, on 56 DPI with
30 larvae 4 adult stages, 3 preadult stages, 10 L, and 9
L,, on 29 DPI with 55 larvae 2 L,, while on 60 and 97
DPI after two infections with a total of 89 larvae 5 adult
helminths were found (Table 3, experiments 12-19).

DISCUSSION

The life cycle of Anguillicola crassus has success-
fully been reproduced under experimental conditions by
several researchers (Haenen et al. 1989, De Charleroy et
al. 1990, Haenen and van Banning 1991, Moravec et al.
1993, 1994, Haenen et al. 1994, Moravec and Konecny
1994). Therefore, the infection of Cyclops and Diapto-
mus species in the first group of the experiments (Table
1), and the production of larval infection in potential
paratenic fish hosts by feeding them infected copepods
represented a verification of earlier works and was de-
signed to experimentally corroborate the observation
made in natural waters, i.e. that differences exist be-
tween paratenic host species of A. crassus in the type
and speed of host reaction against the larvae (Székely
1994, 1995, Székely et al. 1996).

According to De Charleroy et al. (1990), the third-
stage larvae of A. crassus retain the ability to move
freely in the abdominal cavity of experimentally in-
fected common carp and ide (Leuciscus idus Linnaeus,
1758) for a long period. This statement is at variance
with the observation of Petter et al. (1989), who re-
ported that in guppy (Poecilia reticulata Peters, 1859)
the larvae became surrounded by a thin capsule. The
latter observation is supported by the experimental find-
ings by Moravec and Konecny (1994), who reported
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Table 3. Experiments to infect the final host (European eel) with third-stage larvae of Anguillicola crassus of different status
(encapsulated or free), collcted from paratenic hosts. One eel (Anguilla anguilla) was challenged in each experiment using a

syringe.
Time between expo- Intensity of infection in eel
No. of ex-| Type (and origin)of 3rd-stage larvae {No. of 3rd-stage | sure and examination Prevalence of

periments larvae used (days) infectionin eel { adult preadult L, L,
1 Encapsulated (Alburnus alburnus) 10 26 on 1 - - - -

2 12 58 0/1 - - - -

3 19 31 on - - - -

4 24 22 0/1 - - - -

5 26 59 and 71 01 - - - -

6 35 67 0/1 - - - -

7 Free (Gymnocephalus cernua) 20 55 01 - - - -

8 28 56 on - - - -

9 50 45 1/1 2 - - -

10 95 55 111 5 2 - -

11 100 45 111 2 3 - -

12 Free (Neogobius fluviatilis) 8 75 1/1 5 - - -

13 12 55 0/1 - - - -

14 20 79 0/1 - - - -

15 30 56 1/1 4 3 10 9

16 55 59 0/1 - - - -

17 55 29 1/1 - - 2 -

18 58 79 0/1 - - - -

19 89 60-97 171 5 - - -

that in different (primarily cyprinid and live-bearing
toothcarps) paratenic host species (Alburnus alburnus,
Gobio gobio, Poecilia reticulata) the majority of A.
crassus larvae were alive but surrounded by a thin con-
nective tissue capsule one month after experimental in-
fection. The present author’s own observations (i.e. that
in bleak live but encapsulated larvae were found as
early as 19 days after infection, while in common carp
and goldfish dead encapsulated larvae were first re-
corded on 35 and 87 DPI, respectively) are consistent
with the latter findings.

During our studies on fish species of Lake Balaton
we observed that encapsulation of larvae and host reac-
tion did not develop against A. crassus larvae found e.g.
in the river goby, as opposed to those occurring in cy-
prinids (Székely 1994, 1995, Székely et al. 1996). This
finding is supported by the results of experimental in-
fection of another goby species, the marmoured goby,
with A. crassus larvae: in that case, the larvae were
moving freely in the abdominal cavity even 20-60 days
after infection, and no cellular host reaction was
detectable.

The second group of experiments (Table 2) ad-
dressed questions that had not been studied previously.
Larvae transferred from a paratenic host species failing

to mount a host reaction against larvae (the river goby)
to a cyprinid species showing a strong host reaction
(common carp) seem to induce a much faster host reac-
tion in the paratenic host, common carp, than if that fish
species were infected directly by feeding on the inter-
mediate host, Cyclops sp., infected by larvae (Table 2).
These experiments also revealed that larvae transmitted
from one paratenic host species to another maintain
their viability. This mechanism must have been respon-
sible for the accumulation of larvae observed in natural
waters (Székely 1994) primarily in predatory fish
species acting as a paratenic host (European catfish,
Silurus glanis).

The speed of the host reaction mounted to A. crassus
larvae varies with paratenic host species. Before this
study, this fact had been known only from the dissection
results of naturally infected fish (Székely et al. 1996).
The third part of this study (Table 3) furnished evidence
supporting our earlier findings, i.e. that in no case could
anguillicolosis be produced by infecting eels with a
large number of encapsulated but still living larvae col-
lected from a cyprinid species, namely the bleak. At the
same time, eels could be infected successfully on sev-
eral occasions with free live larvae collected from the
ruffe and the river goby, and were found to harbour
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both adult and larval stages of A. crassus. However,
contrary to expectations, the dissected eels contained far
fewer helminths than the number of larvae used for in-
fection. This may be due to the host reaction which
takes place in the eel during larval migration starting
from the gut; as a result of that reaction, only some part
of the larvae survive and reach the swimbladder.

The results of these experiments support our earlier
hypothesis that both “good” and “less suitable” para-
tenic hosts may be involved in the life cycle of A. cras-
sus in natural waters. Thus, as a result of the rapid host
reaction occurring in cyprinids not only the dead but
also the already encapsulated but still living larvae fail
to infect the eel. In the littoral zone of Lake Balaton the
bleak serves as the primary food source for eels
(Paulovits and Bir6 1987). Due to the rapid anti-larval
host reaction taking place in the bleak, it is highly prob-
able that bleak can transmit anguillicolosis to the defini-
tive eel host only if they have a fresh larval infection
established a few days ago, and primarily in the warm
season. The situation is different with the river goby, a
species which also lives primarily in the littoral zone. A.
crassus larvae survive for a long period in the river
goby and thus can produce anguillicolosis in the feeding
eels throughout the year. Although the river goby is
much less important as a food source for eels than the
bleak (Paulovits and Biré 1987), based upon the present
findings and also because of the gradual increase of its
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