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Since the introduction of Anguillicola crassus into Europe, anguillicolosis
has been a considerable problem in several countries. From 1991, periodical eel
mortality occurred in Lake Balaton, Hungary. However, eels with a worm burden
of 20 to 50 parasites did not show severe swimbladder lesions, which observation
cast doubts on the primary aetiological role of the parasite in the eel kill. In order
to study the pathology of the infection, from the spring of 1996 until October of
the same year, 51 eels were collected from two regions of Lake Balaton and ex-
amined for swimbladder changes. To detect humoral antibodies, an enzyme-linked
immunosorbent assay (ELISA) was performed, using cuticular-oesophageal worm
antigen. The results of the test show the applicability of the method. However, no
direct correlation was found between antibody levels or the intensity of infection
and the swimbladder lesions. The low level of specific antibodies and the in-
creasing severity of swimbladder changes in the autumn suggest that parasite-
induced immunity is insufficient to prevent reinfection.
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Anguillicola nematodes (Camallanata, Dracunculoidea, Anguillicolidae)
parasitise the swimbladder of various eel species in different geographical re-
gions of the world (Moravec and Taraschewski, 1988). Adult worms are located
in the lumen of the swimbladder, while 3" and 4™ stage larvae inhabit the wall of
that organ. Adult worms feed on host blood.

The East Asian species Anguillicola crassus Kuwahara, Niimi et Itagaki,
1974 was brought into Europe by the introduction of the Pacific eel (dnguilla
Japonica) at the end of the 1970s. The appearance of this parasite in Hungary
was demonstrated in 1990 by Székely et al. (1991). Highly intensive infection
caused by the new parasite coincided with a massive eel kill in Lake Balaton
(Hungary) during the summer of 1991 (Molnar et al., 1991). Since the introduc-
tion of 4. crassus into Europe, a wide range of research has been carried out on
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its prevalence and biology. However, only few data concerned the pathology of,
and humoral host response to this nematodosis.

The purpose of the present study was to compare the intensity of 4. cras-
sus infection with the pathological changes and the humoral immune response
elicited by this parasite.

Materials and methods

Eels were collected in two periods from Lake Balaton. The spring sam-
pling (5 April) was performed from outlet-trapping catch at Siofok, while the
summer-autumn sampling (25 June, 25 July, 1 October) from electro-fishery
catch at Keszthely.

The live fish were immediately transported to the laboratory and kept in
aquaria until used for analysis. Prior to dissection, fish were measured and blood
was taken from the caudal vein. The sera were stored at —20 °C until used. After
dissection, swimbladders were checked for external lesions and size. In the
summer-autumn sampling period, air content was measured using a syringe at-
tached to a hypodermic needle. During parasitological examination the swim-
bladders were opened, the wall thickness and lumen content were recorded, and
the worms were counted. Based on the severity of swimbladder lesions, scoring
was performed as described by Csaba et al. (1993). Briefly, the most serious le-
sions (score 7) were established when the lumen of swimbladder was full of de-
tritus or exudate, wall thickness reached as much as 3 mm and the organ itself
was distended or shrunken.

ELISA. Fifty adult worms were collected for antigen preparation. They
were washed in PBS three times, their head-part with the oesophagus was de-
tached under binocular stereo-microscope. Separated head-parts were homoge-
nised on ice for 1 h in PBS containing 4 mM phenyl-methyl-sulphonyl-fluoride
(PMSF) and 2 mM ethylenediamine tetra-acetic acid (EDTA). The mixture was
centrifuged for 1 h at 4 °C on 45,000 g. The protein content of the supernatant
was determined by the method of Bradford (1976). Antigen was stored at —20 °C
until used. Pooled negative eel sera were used for the production of polyvalent
anti-eel rabbit serum (Human Biological Co., G6d6116, Hungary). ELISA plates
(Grainer Labortechnik, Frickenhausen, Germany) were coated at 4 °C overnight
with 100 pl of antigen solution per well containing 1 ug protein in 0.06 M car-
bonate buffer (pH 9.6). Rabbit anti-eel serum was diluted in 5% skimmed milk
powder in PBS to 1:400. To detect rabbit immunoglobulins, polyvalent swine
anti-rabbit immunoglobulins conjugated to horseradish peroxidase (DAKO,
Glostrup, Denmark) were applied at a dilution of 1:1000 in SM-PBS at 37 °C for
4 h. As substrate 2,2’-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS,
Sigma Chemicals Co., St. Louis, Missouri) was used. The optical density (OD)
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values were measured at 405 nm after 1 h using a Multiscan Plus microplate
reader model RS-232 C (Labsystem, Helsinki, Finland).

ELISA was performed on 21 sera from infected eels selected at random.
Sera of two eels from an uninfected eel-farm were used as negative controls.

Results

The mean size of the fish examined was 63.82 cm (SD: + 7.72). The con-
trols measured 40.00 cm. As shown in Table 1, the eels represented different
stages regarding to the severity of swimbladder changes (inflammation, haemor-
rhages, pigmentation, thickened wall, dead worms, accumulation of debris and ex-
udate in the lumen) and the intensity of the worm burden. All stages on the 1-7
score-scale were represented in the sample. The mean severity of swimbladder
changes was 3.9 (SD: + 1.81). Swimbladder inflammation (haemorrhages, wall
thickening) and degenerative changes (dead worms, debris and pigmentation in the
lumen) were more severe in the summer and autumn months (5.08) than in the
spring (2.77). The mean worm burden proved to be 7.37 (SD: + 10.32), but the fig-
ures showed a higher intensity of infection (9.56 worms per eel) in the summer-
autumn period. The gas content of the swimbladder, if measured, showed a mean
of 8.09 cm’ with a high SD value (+ 5.84). OD values detected by ELISA at the
dilution of 1:40 represented a mean of 0.365 (SD: + 0.081), and two uninfected
control sera showed a mean of 0.281 (Table 1).

Discussion

The first report on the pathology of a related species, 4. globiceps in Ja-
pan revealed considerable thickening of the swimbladder wall (Yamaguti, 1935).
Similarly, thickening of the swimbladder wall was found in Anguillicola-
infected eels in Europe (Van Willingen and Dekker, 1989; Haenen et al., 1994).
Mortality due to the infection has been reported by Sarti et al. (1985), Hartmann
(1987), Boon et al. (1989), Molnér et al. (1991), Csaba et al. (1993). The swim-
bladder lesions caused by 4. crassus infection were studied by Molnar et al.
(1993) and further details were added to the histology of changes caused by ab-
normally located 3" and 4™ stage larvae (Molnar, 1994). Haenen et al. (1996)
studied the swimbladder lesions developing after experimental infection with 3"
stage larvae and the effect of infection on the humoral immune response. Studies
on the humoral responses show the applicability of somatic crude antigens or
antigens prepared from different parts of the parasite’s body (Buchmann et al.,
1991; Hoglund and Pilstrém, 1994, 1995).
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The differences found in this study between uninfected control and sus-
pected positive OD values are too slight, suggesting the low specificity of this
cuticular-oesophageal antigen. Similar results have been reported by Hoglund
and Pilstrom (1994, 1995). Eels whose sera showed the highest OD values had
worms in their swimbladders, and fish with minor swimbladder lesions (stages
2-4) gave higher OD values in our ELISA. The means of OD values obtained in
the spring were lower than those found in the summer months (Table 1); how-
ever, Molnar (1994) found no seasonality in A. crassus larval invasion in Lake
Balaton.

Hung et al. (1996) studied humoral antibodies of eels naturally infected by
the microsporean parasite Pleistophora anguillarum by an ELISA and stated that
the lower level of antibodies detected in some sera and mucous samples was
evidently not caused by a lack of immunoglobulins per se. The recent findings of
Haenen et al. (1996) suggest that humoral antibodies play a minor role in the de-
velopment of immunity against 4. crassus. This fact could be another reason for
the low reactions obtained for naturally infected eels by ELISA. Van der Heij-
den et al. (1996) suspect the superiority of cellular reactions in the development
of immunity against A. crassus.

In the case of recurrent infection, Molnar (1994) found that the majority
of 3™ and 4" stage larvae do not reach the lumen of the swimbladder but undergo
larval development in the oedematous subserosa of the organ and in the intestine
without giving rise to a significant cellular host reaction. However, in advanced
cases immobilised necrotic larvae were found, sometimes surrounded by a fi-
brous capsule. Fibrinous degeneration of collagenous fibres of the swimbladder
wall, resembling an immunocomplex reaction, was observed by Csaba et al.
(1993), who reported excessive thickening and oedema of swimbladder wall.
This may be due to a hyperergic reaction of the organism challenged by the anti-
gen stimulus from decomposing dead worms. The reactions are possibly acceler-
ated by high water temperature, where the mortality of 4. crassus infected eels
generally occurs (Molnar et al., 1993). It is not clear whether the primary A.
crassus invasion and the necrotic worm debris make the swimbladder unsuitable
for further invasion (Van Banning and Haenen, 1990) or the specific host reac-
tion is responsible for the different inflammatory reactions around the abnor-
mally located adults and larvae stuck in several organs (Molnar, 1994). The cor-
relation found between anguillicolosis and water oxygen content (Molnar, 1993)
and the secondary bacterial infections diagnosed in infected eels with different
swimbladder lesions (Csaba et al., 1993) suggest the possible involvement of
other factors in the aetiology of eel mortality in Lake Balaton.

Studies on the cellular immune response of 4. crassus infected eels could
lead to a better understanding of the pathobiology of this parasitosis.
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