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Abstract

Palikova M., S. Navrdatil: Occurrence of Anguillicola crassus in the Water Reservoir
Korycany (Czech Republic) and its Influence on the Health Condition and Haematological Indices
of Eels. Acta Vet. Brno 2001, 70: 443-449.

The occurrence of the nematode Anguillicola crassus in eels in the Water Reservoir Kory¢any
was studied from 1994 to 2000. In 1998 and 1999 the study was performed at more frequent
intervals in order to evaluate possible seasonal changes of the disease and the influence of the
parasite on the health condition of eels in this water reservoir.

In all, 143 eels were sampled. Haematological examinations were performed using 46
specimens in 1999. Prevalence of nematodes showed seasonal dynamics and varied from 43 to
100%. Intensity of infection by young and adult nematodes in the swim bladder of eels varied from
1 to 66 specimens, with the mean being 6.6 nematodes per individual. Prevalence of larval stages
in the swim bladder amounted from 38.5 to 100%. There were patho-anatomical changes in the
swim bladder as well as in the ductus pneumaticus found. Severe damage to the swim bladder was
observed especially during autumn months. No significant differences were found between
infected and non-infected eels, or in dependence on the numbers of nematodes in the swim bladder
with regards to the haematological parameters examined (i.e., hematocrit, red and white blood cell
counts). The obtained values are also mentioned in relation to the date of sampling. There was a
rise (p < 0.05 and p < 0.01) in the hematocrit value sampled on October 10, 1999 (0.29 L-L'!) in
comparison to sampling on June 7, 1999 (0.25 L-L"1), September 16, 1999 (0.25 L-L'') and June
30, 1999 (0.27 L-L'Y), respectively. Red blood cells were significantly (p < 0.05 and p < 0.01)
lowest on September 16, 1999 (1.04 T-L"!) as compared to sampling on June 7, 1999 (1.28 T-L1),
October 6, 1999 (1.24 T-L-') and June 30, 1999 (1.41 T-L-!), respectively. White blood cell counts
were lower (p < 0.05 and p < 0.01) on October 6, 1999 (27.6 G-L'!) as compared to values obtained
on June 7, 1999 (56.2 G-L'!), and September 16, 1999 (41.2 G-L'!) and June 30, 1999 (39.0
G-LY), respectively. Differential counts of white blood cells showed no significant changes.
Infected as well as non-infected eels were characterised by lymphocytic type of blood (88.02 and
90.34 % of lymphocytes, 10.27 and 7.38 % of granulocytes, 0.52 and 0.94 % of monocytes, 1.17
and 1.34 % of blasts, respectively).

Anguillicolosis under conditions of the Kory¢any Water Reservoir did not cause mortality and
clinical signs of the disease in the population of eels.

Prevalence, intensity of infection, hematocrit, erythrocytes, leukocytes, differential leukocyte
count

Anguillicolosis of eels is a parasitic disease of the swim bladder caused by the nematode
Anguillicola crassus Kuwahama, Niimi and Itagaki, 1974. The cycle of development of the
parasite includes one inter-mediate host, i.e., copepods (Copepoda) (Hartmann and
Nellen 1994). Larvae released form eels and devoured by the inter-mediate host become
infectious. The next development is either direct or includes parathenic hosts such as fish
species feeding on plankton, amphibians, slugs and larvae of aquatic insects (Moravec
1996; Moravec and Skorikova 1996; Baru$ et al. 1999b). In the Czech Republic,
anguillicolosis was first found in eels in the Elbe River near Hiensko in 1991 (Moravec
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1992). The nematode significantly participated in mass mortality of eels in the Vranov Dam
Lake in 1994 (Baru§ 1994; Baru§ and Kotuldan 1997).

This nematode was found in eels from the Kory¢any Water Reservoir during studies into
the health condition of fish in water reservoirs in 1994. Repeated findings of the nematode
in eels in the next years (1995 and 1997) initiated a systematic study. The occurrence of this
nematode in the KoryCany Water Reservoir has been studied at regular intervals with the
intention of evaluating possible seasonal changes, influence on the health condition of eels
and selected haematological indices in relation to the disease (Boon etal. 1989, 1990; Van
der Heijden etal. 1996; Barus$ etal. 1999cd) and some other factors of the environment
influencing the development of anguillicolosis since 1998.

Materials and Methods

The Kory¢any Water Reservoir lies in south Moravia on the 74.5 km of the Kyjovka River, at the elevation of
approximately 290 metres. It is a part of the Morava River catchment area. Its area is 35.15 hectares and the maximum
depth of 20 metres. Water temperature (measured at the dam) varies from 0 to 24 °C with maximum values in July and
August. Dissolved oxygen concentration varies from 6.0 t016.0 mg/L with minimum values from August to October.

Using an electric aggregate machine, 5, 4, and 7 specimens of eels (Anguilla anguilla Linnaeus, 1758) were
captured in 1994, 1995 and 1997, respectively. In 1998, eels were caught on 5 occasions from June to November.
A total of 58 eels were obtained for the examination. In 1999, during 5 capturing occasions using the electric
aggregate machine in the period from April to October we obtained 64 specimens of the eel. In all, 5 specimens
were examined in 2000. A total of 143 eel specimens were examined. Their the mean body mass was of 318.7 g
(min. 96 g, max. 650 g, SD 34.6) and the mean body length of 586.4 mm (min. 225 mm, max. 840 mm, SD 63.6).

Eels were transported to the laboratory, stunned and then killed by transection of the spinal cord. Weight and
length were determined and individual specimens were inspected externally and submitted to patho-morphological
and parasitological examination with special regards to anguillicolosis. Nematodes seen with the naked eye in the
cavity of the swim bladder and ductus pneumaticus were counted. These nematodes were classified according to
Baru§ (1994) as young (from 1 to 14 mm of length) and adult ones (over 15 mm) in 1998 and 1999. Since 1998,
scrapings of the swim bladder surface have been evaluated microscopically for the presence of 2" stage larvae
released by females of the nematode. The presence of 4™ stage larvae within the swim bladder wall was not
evaluated. Otoliths were sampled for the purpose of age determination of the eels examined (Peiidz and Tesch
1970). Only the intensity of infection and prevalence of the disease were evaluated in 1994, 1995 and 2000.

From June to October 1999 the above-mentioned procedures were modified. The collection of eels was kept for
2 to 3 days in laminate tanks and we blood-sampled the eels by cardiac puncture before killing. In these samples
we determined hematocrit, red and white blood cell counts and the differential count. The parameters were
determined in accordance with “Standard methods of haematology in fish” (Svobodova etal. 1986).

Data were statistically evaluated using hypothesis testing by Student’s 7-test. Software Stat-Plus (Matou§kova
et al. 1992) was used for this purpose. The statistical analysis of possible relations between haematological
parameters and numbers of parasites in the swim bladder was done on groups of infected and non-infected eels and
four groups of intensity of infection (0, 1-5, 6-10, >10).

Results

Prevalence of parasites, intensity of infection

Values of prevalence in individual collections of the eel varied from 43 to 100% (the total
mean prevalence of 64.4%). The mean prevalence of nematodes showed seasonal dynamics
with its maximum in July (82%) and minimum in April (50%), see Fig. 1. Evaluating the
dependence on the age, the highest and lowest prevalence values were found in 10-year-old
and 11-year-old eels (78.9%, n = 19; and 57.1%, n = 7), respectively. In seven-, eight- and
nine-year-old eels it was 63.0, 60.1 and 52.2% (n =27, 46, and 23), respectively.

Nematodes from 2 to 35 mm were found in the swim bladder of eels. The intensity of
infection varied from 1 to 66 individuals. The total mean intensity of infection was 6.6
nematodes. The highest mean intensity of infection was found in October (14.7 nematodes)
and the lowest in November (2.4 nematodes). The intensity of infection by young nematodes
(1-14 mm long) varied from 1 to 15 individuals, while of adult ones (over 15 mm of length)
from 1 to 20 individuals.

Various numbers of 2" stage larvae released by females, still in eggs or free, were found
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Fig. 1. Mean intensity and prevalence of A. crassus in eels in relation to water temperature in 1994-2000
(n = numbers of eels)

by microscopy of scrapings from the swim bladder wall. These developmental stages were
found even in eels not harbouring young or adult nematodes. Their numbers amounted to a
couple of dozens to thousands in individual swim bladders. Prevalence of the occurrence of
the 2" stage larvae varied from 38.5% (June 1999) to 100% (July 1998). The total mean
prevalence of larval stages was 60.6% (n = 127). Table 1 summarises the prevalence of the
parasite and the intensity of infection on individual sampling occasions.

Table 1
Results of examination of eels for the A. crassus infection on individual sampling occasions
Date n Prevalence (%) Intensity (pcs) Water temperature (°C)
12 Sept 1994 5 100 1-7,x=4 19
18 Sept 1995 4 75 8-11,x=10 17
3 Sept 1997 7 43 1-3,x=23 22
10 June 1998 11 63 1-34,x=7 21
31 July 1998 11 82 2-29,x=6 23
1 Sept 1998 12 58 1-6,x=2.6 16
16 Oct 1998 10 60 1-18,x=8.5 12
12 Nov 1998 14 57 1-5,x=24 7
22 April 1999 12 50 3-27,x =10 9
7 June 1999 13 46 1-12,x=4 20
30 July 1999 17 71 1-14,x=5 21
16 Sept 1999 12 67 1-17,x=5 19
6 Oct 1999 10 70 2-24,x =10 17
3 Oct 2000 5 60 1-66, x =29 5
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Patho-anatomical findings

At autopsy, patho-anatomical changes were found in the swim bladder and ductus
pneumaticus that varied from petechiae to extensive damage including areduction in the size
of the bladder and thickening of its wall, obturation of ductus pneumaticus and presence of
foamy or dark haemorrhagic fluid in the cavity of the swim bladder or ductus pneumaticus.
Severe damage to the swim bladder was found mainly during autumn months.

Haematological indices

No significant differences were in any of the haematological indices studied between the
group of infected and non-infected eels or in dependence on the numbers of nematodes in
the swim bladder. Table 2 presents values of hematocrit, red and white blood cell counts in
infected and non-infected eels.

Table 2
Haematological indices of eels uninfected and infected by A. crassus

Hematocrit (L-L"') | Erythrocytes (T-L'') | Leukocytes (G-L1) n
mean + SD mean = SD mean + SD
Uninfected 0.25+£0.35 1.23+£0.28 50.13 £26.00 16
Infected 0.27 £0.35 1.25+£0.26 37.00 £ 12.00 30

The obtained values are presented in relation to the date of sampling. There was a rise
(p < 0.05 and p < 0.01) in the hematocrit value sampled on October 10, 1999 (0.29 L-L1)
in comparison to sampling on June 7, 1999 (0.25 L-L"!), September 16, 1999 (0.25 L-L!)
and June 30, 1999 (0.27 L-L'1), respectively. Red blood cells were significantly (p < 0.05
and p < 0.01) lowest on September16, 1999 (1.04 T-L!) as compared to sampling on
June 7, 1999 (1.28 T-L-!), October 6, 1999 (1.24 T-L!) and June 30, 1999 (1.41 T-L"),
respectively. White blood cell counts were lowest ((p < 0.05 and p < 0.01) on October 6,
1999 (27.6 GIL'') as compared to values obtained on June 7, 1999 (56.2 G '), and
September 16, 1999 (41.2 GIL-!) and June 30, 1999 (39.0 GOL'1), respectively. The above-
mentioned data are summarised in Table 3.

Table 3

Haematological indices of eels on individual sampling occasions
Hematocrit (L-L"') | Erythrocytes (T-L'') | Leukocytes (G-L1) n

mean + SD mean = SD mean + SD
Uninfected 0.25+0.35 1.23+£0.28 50.13 £26.00 16
7 June 1999 0.25+0.032 1.28£0.292 56.17+27.39% 12
30 June 1999 0.27£0.032 141£0.232 39.00+11.43%2 12
16 Sept 1999 0.25+0.052 1.04+0.16° 41.17£9.122 12
6 Oct 1999 0.29+0.03b 1.24+0.232 27.60+9.83b 10

Indices a,b mean correspondence or significant differences of results

Differential counts of white blood cells showed no significant changes. Infected as well
as non-infected eels were characterised by lymphocytic type of blood (88.02 and 90.34 %
of lymphycytes, 10.27 and 7.38 % of granulocytes, 0.52 and 0.94 % of monocytes, 1.17 and
1.34 % of blasts, respectively). On individual sampling occasions, values of lymphocytes,
granulocytes, monocytes and blasts amounted to 90.58,7.19,0.88 and 1.38 % (July 7, 1999),
86.67, 12.00, 0.42 and 0.92 % (July 30, 1999), 89.33, 9.08, 0.50 and 1.08 % (September 16,
1999), 89.20, 8.20, 0.90 and 1.60 % (October 6, 1999).
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Influence of the parasite on the health condition and body mass of eels

There were no cases of mortality reported during the period of the study. Eels showed no
clinical signs of the disease. Two specimens had the body cavity enlarged.

The relation between the body weight ratio and the intensity of infection is presented in
Fig. 2. It is clear from this graph that infected eels from a certain length and mass (600 mm,
330 g) have less body mass for their length and are longer for their body mass than the non-
infected ones. In other words, infected eels grow more to the length, whereas the non-
infected reach higher body mass.
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Fig. 2. Length-body mass relationships in groups of eels uninfected (n = 45) and infected (n = 76) by A. crassus;
acccording to Baru§ and Proke$ (1996)

Discussion

Baru$ (1994) and Baru$§ and Kotuldn (1997) mention the prevalence of young and
adult nematodes in the swim bladder amounting to 80% and the intensity of infection of
1 to 22 individuals during mass mortality of eels in the Vranov Dam Lake. Similar results
were obtained by Molnér etal. (1994) in eels from the Balaton Lake, where the prevalence
varied from 8 to 95% in dependence on the locality studied. Mass mortality of eels occurred
in the Lake Balaton in 1991 and 1992. From our results it is clear that the nematode
A. crassus reaches high prevalence and intensity of infection in the KoryCany Water
Reservoir. The population of eels thus gets repeatedly re-infected. In spite of the high rate
of infection intensity of the disease in eels from the KoryCany Water Reservoir, there was
no mortality or clinical signs present, the fact probably being caused by the absence of other
negative factors in this water reservoir (such as high water temperature and the concentration
of dissolved oxygen in the water) which took part in the mortality cases of eels both in the
Vranov Dam Lake and the Balaton Lake (Baru§ 1994; Molnar 1993, Molnar et al.
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1994). The dynamics of the disease and patho-anatomical lesions during the year are in close
relation to the developmental cycle of the parasite and foraging activities of the eel (Barus§
etal. 1999a). We have not found any significant difference in the total length and body mass
of infected and non-infected eels, as well. The relation of the parasitic infection to the ratio
of body length and mass in infected and non-infected eels is in accordance to the results by
Barus$ and Prokes (1996).

It is especially the prevalence of young and adult nematodes in the swim bladder that is
to be considered a very important factor of anguillicolosis of eels. The mean intensity of
infection is influenced considerably by individuals suffering from a mass infestation and as
such it serves only for orientation purposes. The mean prevalence amounted to the highest
numbers in July, i.e., a summer month with the highest mean water temperature which may
promote the development of the disease. Similar conclusions were also reached by Barus§
(1994) and Barus etal. (1999a).

The 2" stage larvae of the nematode reach various values of prevalence in the swim
bladder probably due to continuous maturation of nematodes and release of larvae-
containing eggs.

Haematological indices are only slightly influenced by the disease. We found no
significant changes in relation to the number of parasites in the swim bladder. Baru§ et al.
(1999¢) described a significant change to lower levels of micro- and macro-elements in the
muscle tissue of eels (Ca, P, Fe, Zn, Cu, Mn) due to the haematophagy of the parasite whose
tissues contained high levels of Fe, Zn, Cu and other micro-elements (Baru§ et al. 1999d).
Differences in the values are also dependent on the sex of the parasite. Boon et al. (1990)
described a drop in the hematocrit values in relation to the infection by A. crassus. The
above-mentioned results, however, were obtained within the framework of experimental
infections by the parasite. Boon et al. (1989) did not find any significant changes in the
hematocrit of naturally infected eels. The significant changes of haematological parameters
that we found are probably more in relation to the season of sampling than the parasitic
infection. In other words, they present the possible seasonal dynamics of haematological
parameters in the eel.

Vyskyt Anguillicola crassus ve vodarenské nadrzi Kory¢any (Ceska republika) a jeji
vliv na zdravotni stav a hematologické parametry thoru

V letech 1994 - 2000 byl sledovan vyskyt hlistice A. crassus u thoid ve vodarenské
nadrzi Korycany. V letech 1998 a 1999 byla provddéna sledovéni v CastéjSich intervalech
se snahou zachytit moZnou sezénnost onemocnéni a vliv parazita na zdravotni stav populace
uhotl v této nadrzi.

Celkem bylo ziskdno 143 ks uhoil. Pro hematologické vySetfeni bylo v roce 1999
ziskéno 46 ks uhori. Prevalence hlistic vykazovala sez6nni dynamiku a pohybovala se v
rozmezi od 43 do 100%. Intenzita invaze mladych a dospélych hlistic v plynovych
méchyfich byla 1 — 66 exemplaft, primérna intenzita byla 6.6 hlistic v ryb&. Prevalence
larvélnich stadii v plynovych méchyfich byla 38.5 — 100%. Byly zjiStovany patologicko-
anatomické zmény na plynovych méchytich a ve spojce plynového méchyie s travicim
traktem. T€Zké poSkozeni plynovych méchyfi bylo zjiSfovano zejména v podzimnich
mésicich. V Zadném ze zjiStovanych hematologickych ukazatelti (hematokrit, pocet
Cervenych a bilych krvinek) nebyly nalezeny signifikantni zmény mezi infikovanymi a
neinfikovanymi Ghofi, ani v zavislosti na mnoZstvi hlistic v plynovém méchyfi. Ziskané
hodnoty jsou uviadény i v zavislosti na dob& odbéru. Zde byl nalezen statisticky vyznamny
vzestup hematokritu pti odbéru 6.10. 1999 (0.29 L-L1), (p < 0.01) oproti odb&riim 7.6. 1999
(025 L-L"1) a16.9. 1999 (0.25 L-L), (p < 0.05) oproti odbéru 30.6. 1999 (0.27 L-L-1). Pocet
erytrocyti byl nejnizsi 16.9. 1999 (1.04 T-L-!) a to signifikantn& oproti 7.6. 1999 (1.28 T-L!)
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a 6.10. 1999 (1.24 T-L'!); (p < 0.05) a oproti 30.6. 1999 (1.41 T-L'!), (p < 0.01). Pocet
leukocyti byl nejnizsi 6. 10. 1999 (27.6 GIL'!) a to signifikantn& oproti 7. 6. 1999
(56.2 GILL'Y) (p < 0.01) a oproti 16.9. 1999 (41.2 GIL!) a 30. 6. 1999 (39.0 GILY), p < 0.05.
V diferencidlnim poctu leukocyti nebyly nalezeny signifikantni zmény. Infikovani i
neinfikovani thofi méli lymfocytéarni charakter krve (88.02 resp. 90.34 % lymfocyta, 10.27
resp. 7.38 % neutrofilnich granulocytd, 0.52 resp. 0.94 % monocyti a 1.17 resp. 1.34 %
blastickych bungk).

Anguilikoléza v podminkich KoryCanské nddrze nevyvoldvd hynuti ani klinické
ptiznaky onemocnéni u populace thof.

Acknowledgement

This paper was financially supported by the Morava River Catchment Area Administration Company as a part
of the health condition of fish monitoring in water reservoirs and the Research Intention of the Ministry of
Education of the Czech Republic MSMT No. CEZ:J16/98:162700004.

References

BARUS, V. 1994: Uhottim jde o Zivot. Rybéfstvi 11: 328-329

BARUS, V., PROKES, M. 1996: Lenth-weight relations of uninfected and infected eels (Anguilla anguilla) by
Anguillicola crassus (Nematoda). Fol. Zool. 45, 2: 183-189

BARUS, V., KOTULAN, A. 1997: Cerné mraky nad tihofem. Rybéfstvi 11: 476-479

BARUS, V., MORAVEC, F., PROKES, M. 1999a: Anguillicolosis of the European eel (Anguilla anguilla) v
Ceské republice. Czech J. Anim. Sci. 44: 423431

BARUS, V., KOUBKOVA, B., PROKES, M. 1999b: Checklist of fish paratenic hosts in the life cycle Anguillicola
crassus (Nematoda: Dracunculoidea). Helminthologia 36, 2: 124-125

BARUS, V., TENORA, F., KRACMAR, S., DVORACEK, J. 1999¢: Contents of several inorganic substances in
European eel infected and uninfected by Anguillicola crassus (Nematoda). Dis. Aquat. Org. 37: 135-137

BARUS, V., TENORA, F., KRACMAR, S., DVORACEK, J. 1999d: Microelement contents in males and females
of Anguillicola crassus (Nematoda: Dracunculoidea). Helminthologia 36: 283 —285

BOON, J. H., LOKIN, C.J. A., CEUSTERS, R., OLLEVIER, F. 1989: Some properties of the blood of European
eel (Anguilla anguilla) and the possible relationship with Anguillicola crassus infestations. Aquaculture 76:
203-208

BOON, J. H., CANNAERTS, V. M. H., AUGUSTIIN, H., MACHIELS, M. A. M., DE CHARLEROY, D.,
OLLEVIER, F. 1990: The effect of different infection levels with infective larvae of Anguillicola crassus on
haematological parameters of european eel (Anguilla anguilla). Aquaculture 87: 243-253

HARTMANN, F., NELLEN, W. 1994: Mogliche Existenzbedrohung des Europidischen Aals durch
eingeschleppten Parasiten. Fischer & Teichwirt 6: 204—206

MATOUSKOVA, O., CHALUPA, J., CIGLER, M., HRUSKA, K. 1992: Statisticky systém STAT plus, verze 1,01,
uzivatelskd pifrucka. Vyzkumny tstav veterinarniho lékafstvi, Brno, 168 p.

MOLNAR, K. 1993: Effect of decreased oxygen content on eels (Anguilla anguilla) infected by Anguillicola
crassus (Nematoda: Dracunculoidea). Acta Vet. Hung. 41: 349-360

MOLNAR, K., SZEKELY, Cs., PERENYI, M. 1994: Dynamics of Anguillicola crassus (Nematoda:
Dracunculoidea) infection in eels of Lake Balaton, Hungary. Fol. Parasitol. 41: 193-202

MORAVEC, F. 1992: Spreading of the nematode Anguillicola crassus (Dracunculoidea) among eel population in
Europe. Fol. Parasitol. 39: 247-248

MORAVEC, F. 1996: Aquatic intervertebrates (snails) as new paratenic hosts of Anguillicola crassus (Nematoda:
Dracunculoidea) and a role of paratenic hosts in the life cycle of this parasite. Dis. Aquat. Org. 27: 237-239

MORAVEC, F., _KORIKOVA, B. 1998: Amphibians and larvae of aquatic insects as new paratenic hosts of
Anguillicola crassus (Nematoda: Dracunculoidea), a swimbladder parasite of eels. Dis. Aquat. Org. 34: 217-222

PENAZ, M. und TESCH, F. W. 1970: Geschlechtsverhiltnis und Wachtsun beim Aal (Anguilla anguilla) an
verschiedenen Lokalititen von Nordsee und Elbe. Ber. Dt. Wiss. Komm. Meeresforsch. 21: 290-310

SVOBODOVA, Z., PRAVDA, D., PALACKOVA, J. 1986: Jednotné metody hematologického vysetfovani ryb
(United methods of haematological examinations of fish). Edice metodik. VURH, Vodiiany, 36 p. In Czech.

Van der HEIJDEN, M. H. T., HELDERS, G. M., BOOMS, G. H. R., HUISMAN, E. A, ROMBOUT, J. H. W. M.,
BOON, J. H. 1996: Influence of flumequine and oxytetracycline on the resistance of the European eel against
the parasitic swimbladder nematode Anguillicola crassus. Vet. Immunol. Immunopathol. 52: 127-134



