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ABSTRACT: Goussia carpelli causes enteritic coccidiosis in juvenile carp. In nature it affects carp fry
(1 to 2 mo old) and fish (3 to 4 mo old) which are subjected to environmental stress. Carp treated with
corticosteroids or subjected to temperature stress in the laboratory produced higher numbers of oocysts
during the primary infection. Resistance to reinfection via the fecal contamination route, however, was
not reduced by the application of hydrocortisone, dexamethasone, or X-ray irradiation given both prior
to and concurrently with reinfection. The administration of hydrocortisole or irradiation did not induce
a relapse of a previous infection. Carp which had been imlnunosuppressed by hydrocortisole injection
during a primary infection were also refractory to a secondary infection via fecal contamination. The
results of these experiments suggest that the mechanisms which are responsible for the resistance of
carp to secondary infections with Goussia carpelli were not affected by hydrocortisole, dexamethasone
or X-ray treatment.
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INTRODUCTION

In European carp hatcheries, fry are often infected
by Goussia carpelli, which causes enteritic coccidiosis.
The transmission of the parasite to uninfected carp
occurs via fecal contamination and indirect transmission via tubificid oligochaetes (Steinhagen & Korting
1990). Carp which had recovered from a G. carpelli
infection were refractory to a secondary infection via
fecal contamination (Steinhagen & Korting 1990). In
nature, the main source of infection is pond sediment,
which contains both high numbers of infective oocysts
and infected tubificids (Steinhagen & Hespe 1998). In
the hatchery, carp 3 to 4 wk post-hatch harbour merogonic, gamogonic and sporogonic developmental
stages of G. carpelli. Laboratory-infected carp start to
excrete oocysts in feces at about 10 d post initial exposure (PE) to oocysts (Steinhagen et al. 1989). In these
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fish a severe destruction of the absorptive intestinal
epithelium was observed (Jendrysek et al. 1994),
losses of serum proteins and ions occurred and the susceptibility of carp to infections with opportunistic bacteria increased (Steinhagen et al. 1997). In hatchery
populations, enteric coccidiosis is considered a serious
disease in carp fry 1 to 2 mo old (Kocylowski et al.
1976, Schaperclaus 1979), but it also was found to
affect juvenile fish subjected to temperature stress in
fall or spring (Proske 1996).
It is well established that environmental stress
influences the susceptibility of fish to opportunistic
pathogens (Bly et al. 1997) and triggers the outbreak of
infectious diseases (Snieszko 1974, Maule et al. 1989).
Many stress factors induce irnrnunosuppression and
are frequently associated with elevated glucocorticoid
or adrenocorticotropic hormone (ACTH) levels (Balm
& Pottinger 1995). Laboratory studies have documented that the exogenous adminstration of cortisol to
salmonids (Esplid et al. 1996), catfish (Elsaesser &
Clem 1987), and carp (Houghton & Matthews 1990)

Dis Aquat Org 34: 199-204, 1998

mimics the suppressive effects of environmental stress
factors.
To monitor the influence of some stress factors on the
susceptibility of carp to Goussia carpelli, we monitored
oocyst production in laboratory-infected carp which
were subjected to temperature stress and treated with
cortisol. Furthermore, the resistance of carp to secondary infections with G. carpelli was investigated by
cortisol administration or X-ray irradiation.

MATERIALS AND METHODS

objective and the oocysts were counted in 50 fields of
view (ca 12 mm2).
Determination of infection status. To determine the
infection status of carp, the fish were killed by immersion into 0.05% tricaine (Sigma, St. Louis, USA),
necropsied and scrapings of the intestinal mucosa
were taken from 3 different locations in the gut. The
scrapings were air dried, Giemsa stained (Romeis
1968) and observed for Goussia carpelli sprorogonic
stages in a light microscope. Infection intensities were
estimated on a qualitative scale: not infected (-), low
infection (+), medium infection (++), and high infection
(+++).

Carp. Carp of a single crossing (E20xR8, Wageningen Agricultural University, The Netherlands) were
used for all experiments. The fish were bred and ralsed
in coccidia-free tanks filled with tap water at 22OC and
fed with Arternia salina nauplii and commercial fish
food (Trouvit, The Netherlands).
Infection with Goussia carpelli. The fish were
exposed and became infected with G, carpelli as
described previously (Steinhagen & Korting 1990).
Briefly, the fish were placed into tanks containing 105
G. carpelli oocysts for at least 24 h and then transferred
to clean tanks with tap water at 20°C. For controls,
uninfected carp from the same stock were kept under
identical conditions.
Applications of immunosuppressants. Hydrocortisole
(hydrocortisone-21-hemisuccinate, Sigma, St. Louis,
USA) was suspended in phosphate buffered saline (PBS,
pH 7.2) and injected into the peritoneal cavity of carp
every 4 d duri.ng a 30 d period at a dosage of 200 pg g-'
body weight (Houghton & Matthews 1990). Dexamethasone-21-isonicotinate (VorenTM,
Boehringer Ingelheim, Germany) suspended with PBS was injected into
the peritonea1 cavity at a dosage of 2.5 pg g-' body
weight. The first injection of the steroids was gi.ven 4 d
prior to the exposure to the parasite.
In irradiation experiments, carp were exposed to
X-rays at a dosage between 10 and 12 Gray. During
irradiation the carp were kept in a 2 1 plastic container
surrounded with 5 cm backscattering material.
Collection and counting of oocysts. Excreted
oocysts were collected from each fish individually.
Beginning with Day 7 PE, carp were placed individually into 2 1 plastic containers with tap water at 20°C.
From these containers, the water was collected in a
funnel every other day, a drop of detergent added and
the oocysts allowed to settle overnight. The next day,
50 m1 of water with the sediment was drawn into centrifuge tubes and spun at 550 X g for 10 rnin at 20°C.
The sediment was collected, resuspended in ca 2 to
3 m1 water and then transferred into a. 5 m1 plankton
chamber mounted onto an inverted microscope (Zeiss,
Germany). The preparations were observed with a 40x

Oocyst production in stressed and immunosuppressed carp. To examine the effect of an external
stress factor on the oocyst production, carp were subjected to alternating water temperatures during a
Goussia carpeLZi infection. For the experiment 10 carp
(9 mo old, 50 to 60 g) were used. A group of 5 carp was
subjected to temperature stress by placing them into
water of 12°C for 4 h every other day beginning 4 d
prior to infection with G. carpelli. A second group of 5
carp remained untreated. All carp were infected with
G. carpelli as described above, kept individually, and
the excreted oocysts were collected and counted as
previously described.
To study oocyst production and excretion in carp
under immunosuppression, the fish were treated with
hydrocortisole or were irradiated with X-rays as
described above. In a first experiment, 18 carp (6 mo
old, 40 to 50 g) were used. The fish were divided into 3
groups of 6. The first group was injected with hydrocortisole every 4th day starting 4 d prior to exposure to
the parasite. The second group was sham treated with
PBS and the 3rd group received no injection. All fish
were exposed to Goussia carpelli oocysts as described
above, kept individually, and the excreted oocysts
were collected and counted.
In a second experiment, 15 carp (6 mo old, 30 to 40 g)
were divided into 3 groups of 5. The fish from Groups
1 and 2 were irradiated with X-rays as described above
and then exposed to Goussia carpelli oocysts. In Group
1, oocysts were given concurrently with the irradiation.
In Group 2, the X-rays were applied 4 d prior to the
oocyst exposure. The fish in Group 3 received no irradiation. All fish were exposed to G. carpelli oocysts,
kept individually and the excreted oocysts collected
and counted.
Reinfection experiments. To examine the effect of
immunosuppressants on the susceptibility of carp for a
secondary infection with Goussia carpelli, fish which
had recovered from a primary infection were treated
with hydrocortisole, dexamethasone, or X-rays and
then exposed to G, carpelli oocysts again. Three experiments were then performed.

Steinhagen et al.: Goussia carpelli infection in immunosuppressed carp

201

14000
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posed to G. carpelli oocysts. For conFig. 1 Goussia carpefli infection in cortisol treated common carp. Cumulative
trols, 10 naive carp were placed into the
mean oocyst counts from 5 individual carp from each treatment group.
same tank with the in,mune fish, The
Untreated- carp infected with the parasite by fecal contamination; PBS-treated.
intestines of 'l1 carp were examined for
carp injected with phosphate buffered saline 4 d prior to oocyst exposure and
the presence of G. carpellj sporgonic
then every 4 d; cortisol treatment: carp were injected with 200 pg g-' body
weight hydrocortisole 4 d prior to oocyst exposure and then every 4 d. Differstages at 10 d PE (see Table 2).
ences between control and PBS treatment, control and cortisol treatment, and
the third experiment, 25 carp
PBS and cort~soltreatment were all significant
which had recovered from a primary
infection were used. Before inducing a
primary infection in these carp, 15 were injected with
carp excreted more the 50 % of the oocysts between 10
hydrocortisole and 10 remained untreated. Prior to the
and 15 d PE (Fig. 1).
induction of a secondary infection, 5 steroid-treated
Carp affected by temperature stress excreted 240 +
and 5 untreated carp were injected wlth hydrocortisole
25 oocysts, significantly more than untreated fish (80 +
and 5 carp from each group were exposed to the para15 oocysts, p < 0.01).The injection of PBS or hydrocorsite for the second time without hydrocortisole treattisole also induced a significant increase in the number
ment. Additionally, 5 carp were injected with hydroof excreated oocysts (Fig. 1). In this experiment
cortisole and not exposed to the parasites again. From
untreated control carp excreted (on average) 216
all carp, gut samples were taken at 10 d PE and monioocysts, PBS injected carp 3300 (p < 0.001),and cortisol
tored for G.carpelli sporogonic stages (see Table 3).
treated more than 11 000 oocysts ( p < 0.0001, Fig. 1).At
In all experiments, carp were exposed to a secondary
Day 29 PE there were no oocysts found in the sediinfection 2 mo after recovering from a primary infecments from tanks with untreated or with PBS treated
tion.
carp. Cortisole injected carp, however, continued to
Statistics. The number of oocysts produced by the
excrete oocysts.
different treatment groups was analysed for significant
Carp irradiated with X-rays excreted more oocysts
differences by nonparametric statistics (Mann-Whitthan untreated controls. Fish which were irradiated 4 d
ney U-test). Observed differences were considered to
prior to oocyst exposure produced significantly more
be significant at p < 0.05.
oocysts (p < 0.001) than carp which were given oocysts
concurrently to the irradiation (Fig. 2).
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RESULTS
Reinfection experiments
Oocyst production in immunosuppressed carp
In these experiments, all carp which were exposed to
Goussia carpelli oocysts acquired a coccidia infection
and excreted oocysts. In the sediments of tanks at
20°C, oocysts were first seen 10 d PE. In all groups, the

The results of the reinfection experiments are presented in Tables 1 to 3. After recovering from a primary
infection with Goussia carpelli, carp were refractory to
a secondary infection. This was not affected by the administration of cortisol or irradiation. No G. carpelli
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rays 4 d prior to oocyst exposure. Differences between untreated or X-ray with
al. 1995) and other vertebrates (Cohn
oocysts and X-rays prior to oocysts were significant
1991). In mammals, corticosteroids
alter phagocyte functions like egress
of inflammatory cells from blood vessels to a site of
stages were found in intestinal samples from carp
infection, phagocytosis, or interleukin production and
which had been re-exposed. Additionally, the administration of hydrocortisole or irradiation did not induce a
influence lymphocyte blastogenesis mainly by acting
relapse of the infection. A secondary infection also
on activated lymphocytes, which have increased numfailed in those carp that were immunosuppressed by
bers of steroid receptors (Cohn 1991). In fish, cortisol
also has been observed to antagonise cell mediated
cortisol injection during the primary infection (Table 3 ) .
Throughout the study, any infections other than
immune responses. In vivo administered physiological
Goussia carpel11 were not noticed to proliferate in
concentrations of cortisol suppressed in vitro phagoimmunocompromised carp.
cytic responses of channel catfish granulocytes (Ainsworth et al. 1991). In Atlantic salmon, the number of
surface-Ig-positive peripheral blood lymphocytes and
Table 1. Effect of hydrocortisole, dexamethasone, and X-ray
the mitogenic response to LPS were downregulated
irradiation on the susceptibility of carp to secondary infecupon cortisol injection (Esplid et al. 1996). In carp,
tions with Goussia carpelli. Immune: carp had recovered from
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a previous G. carpelli infection 2 mo earlier; naive: uninfected
carp were exposed to a primary infection as controls. Hydrocortisole: 200 pg g-' body weight hydrocortisone-21-hemsuccinate injected every 4 d ; dexamethasone: 2.5 pg g-' body
weight dexamethasone-21-isonicotinate injected into the
body cavity of carp; X-rays: irradiation with X-rays at a
dosage of between 10 and 12 Gray
Group

Treatment

Immune

Hydrocortisole
Dexamethasone
X-rays
Hydrocortisole
Dexamethasone
X-rays

Table 2. Effect of X-ray irradiation on resistance of carp to
secondary infections with Goussla carpeh. Immune: carp had
recovered from a previous G carpelli infection 2 mo earlier;
naive: uninfected carp were subjected to a primary infection
as controls. X-rays: irradiation w ~ t hX-rays at a dosage between 10 and 12 Gray

Number of fish usedhnfected
Group

Naive

5/0
5/0
5/0

1 Immune
Naive

Treatment

Number of fish uredlinfected

No
X-rays
X-rays, no reinfection
No
X-rays

510

S/O
5/0
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Table 3 Effect of cortisol treatment of carp on the resistance
to primary and secondary infection with Goussia carpelli. Secondary infection: carp were re-exposed to G. carpelli oocysts
2 mo after recovery from a primary infection. Cortisol: injection of 200 pg g.' body weight hydrocortisone-21-hemisuccinate into the body cavity every 4th day; control: naive carp
were kept in the same tdnk with the immune fish to ensure
the presence of infectlve oocysts
Treatment at
primary infection

Treatment at
Number of fish
secondary infection used/infected

No

No
Cortisol
Cortisol, no reinfection
No
Cortisol

Cortisol
Control

5/0
5/0
5/0
5/0
5/0
5/5

mitogen-activated lymphocytes responded with increased apoptosis upon cortisol treatment (Weyts
1997).
Defence mechanisms of carp against enteritic coccidiosis are not well understood (Davies & Ball 1993).
In Goussia carpelli-infected carp, macrophages and
granulocytes infiltrated into infected tissue areas (Lom
& Dykova 1992, Jendrysek et al. 1994). These cells
showed enhanced phagocytic activity in vivo (Jendrysek et al. 1994) and in vitro (Studnicka & Siwicki 1990,
Steinhagen & Hespe 1997).A higher oocyst production
in carp treated with cortisol as observed in the present
study might be caused by an alteration of phagocyte
migration and activity in these fish. Chickens treated
with dexamethasone also produced higher numbers of
oocysts following a primary and secondary infection
with Eimeria mivati (Isobe & Lillehoj 1993). In these
animals, percentages of splenic cytotoxic-suppressor T
cell populations and mitogen-induced lymphoproliferation of these cells were significantly depressed. Thus,
the enhanced disease susceptibility to coccidiosis was
considered to reflect a drug-mediated immunosuppression (Isobe & Lillehoj 1993). In a previous flow
cytometric analysis of pronephros cells from C.
carpelli-infected carp, we observed increased percentages of granulocytes but could not detect alterations in the composition of lymphocyte populations
(Barckhausen & Steinhagen unpubl.). The analysis of
lymphocyte composition in carp, however, is hampered by the lack of suitable antibodies for labelling T
cell populations (Koumans-van Diepen 1993, Rombout
et al. 1998). T cell responses to coccidia infections in
carp still need to be investigated.
In avian coccidiosis, the resistance to secondary
infections could be eliminated by administration of
agents that suppress cell-mediated immunity, such as
cyclosporin A, betamethasone and dexamethasone

(Lillehoj & Trout 1994). A treatment with corticosteroids increased the susceptibility of chicken to secondary infections (Isobe & Lillehoj 1993) or activated
dormant stages from a prevoius Eimeria spp. infection
(Zahner et al. 1994). In the present study, we investigated the susceptibility of carp to secondary infections
of Goussia carpelli treated with corticosteroids and
irradiation by X-rays. The carp remained refractory to
reinfections regardless of whether cortisol was given
concurrently with the oocysts or in advance to secondary infection, and we did not observe a relapse of
the infection due to possible previously unrecognized
dormant stages. In addition, carp given a cortisol treatment during primary infection were not susceptible to
reinfection. In contrast, secondary infections could be
established in carp fed on tubificids which contained
G. carpelli sporozoites and acted as paratenic host
(Steinhagen & Korting 1990). In hatcheries, carp from
all age classes are found to be infected (Lom & Dykova
1992).Tubificids collected from carp ponds induced G.
carpelli infections when fed to parasite free carp. In
nature, tubificids are major food organisms of 2nd and
3rd yr carp and thus may represent a significant source
of infection for these fish. Mechanisms which are
involved in resistance of carp to secondary G. carpelli
infections via the fecal contamination route remain to
be investigated.
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