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Abstract
Rainbow trout fry (10 weeks post hatch) were immunized (injection or immersion) with soni-
cated formalin-killed trophonts of the fish parasitic ciliate Ichthyophthirius multifiliis. Challenge
infections 22 days after immunization showed a relative protection represented by significantly
fewer established parasites and lower prevalence in the immunized groups compared to the
controls. Associations between the obtained protection and changes in differential leukocyte
counts, haematocrit values, anti Ichthyophthirius multifiliis antibodies, mucous cell density and
some epidermal cell markers were investigated. No changes in antibody titers, haematocrit val-
ues and mucous cell counts were associated with the response; however, a minor change in
peripheral blood neutrophils and epidermal cell markers were found.

Introduction
The ciliate Ichthyophthirius multifiliis (Ich) is a
well described skin parasitic pathogen of a
large number of freshwater fishes. The para-
site causes great losses both in freshwater
aquaculture enterprises worldwide as well as
in natural ecosystems  (Dickerson and Dawe,
1995). Protective immunity to Ich has been
demonstrated following the recovery of a pri-
mary Ich infection (Bauer, 1953; Hines and
Spira, 1974; Wahli and Meier, 1985; Houghton
and Matthews, 1990; Sigh and Buchmann,
2001) and after artificial exposure to Ich anti-
gens by injection or bath (Burkart et al., 1990;
Ling et al., 1993; Sin et al., 1996). The nature of
this protective response has received consid-
erable interest and workers have attempted
to develop vaccines against ichthyophthiriasis
(Burkart et al., 1990; Ling et al., 1993; He et al.,

1997). Humoral elements such as antibodies
in the fish have been suggested to play a ma-
jor role in immunity (Clark and Dickerson,
1997). In addition, cell mediated responses
(Graves et al., 1985; Houghton and Matthews,
1990, 1993; Cross, 1994; Sin et al., 1996) have
been found associated with the protective
immunity. Most of the immunological stud-
ies have been conducted with larger fish,
whereas the antiparasitic immunity in fry is
relatively unknown. The present paper de-
scribes a study on controlled Ich antigen ex-
posures presented by intra-peritoneal injec-
tion and immersion. The work was conducted
to elucidate the relationship between some
humoral and cellular factors and the protec-
tive immunity of rainbow trout fry 10 weeks
post hatch. Relationships between vaccination
dosages, level of infection following a chal-
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lenge infection, antibody titers, peripheral
blood leukocyte s and epidermal factors were
investigated.

Materials and Methods
Fish
Uninfected yolk sack fry of rainbow trout
Oncorhynchus mykiss was purchased from
Faarup Molledam (Jutland, Denmark) and fed
ad libitum for 9 weeks on commercial trout
feed (Biomar A/S, Denmark). The fish were
held in 200 l aquaria at 11.6°C with a 12 hours
day/night cycle. Municipal water (pH 7.0,
nitrite and ammonia was not detectable, total
hardness 23 – 25 degrees) was used for all
purposes. The aquaria were supplied with in-
ternal biofilter systems and aerators. At the
start of the experiment the fry had reached a
mean body weight of 1.6 g (SD 0.38, n=20).

Ichthyophthirius multifiliis
The laboratory stock of this ciliate was ob-
tained by infecting naïve rainbow trout with
theronts isolated from tomonts recovered
from infected rainbow trout collected at a
trout farm (Refsgaard II, Jutland, Denmark).
This laboratory stock of the parasite was kept
by adding new naïve fish at regular intervals
as some died due to the infection. At the start

of the experiment this stock was 11 months
old.

Experimental design
The experimental groups consisted of intra-
peritoneally (I.P.) immunized fish (two dose
levels), bath immunized fish and control
groups (I.P. PBS injected and untreated)(Table
1). All experimental groups contained 10 fish
in triplicate. The fish were held in 10 l plastic
aquaria containing 7 l municipal tap water
supplied with aerators at 11.6°C with a 12
hours day/night cycle and with 75% water
exchange every second day. The water was
monitored for ammonia, nitrite, nitrate and
pH. The fish were fed 2% of their body weight
per day with a commercial fry feed (Biomar
A/S, Denmark).

Preparation of antigen
Heavily infected rainbow trout were killed
with an overdose MS222 (150-200 mg/l) and
the fish moved to fresh tapwater. Escaping
trophonts were collected every 30 min where-
upon the fish were transferred to clean water
and the procedure repeated. Collected
trophonts were immediately fixed in 4% neu-
tral formalin. The trophont suspension was
washed and centrifuged 3 times in PBS (105 x
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Table 1. Overview of treatments. Note that 15 fish were sampled on D0 before the D0 treatment and that
these fish represent the D0 group for all treatment groups. I.P.: intra-peritoneal injection, tro: trophonts, Bath
imm.: Bath immunization
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gravity, 5 min, Universal 32R, Hettich, Ger-
many). Subsequently the number of trophonts
was counted using a dissecting microscope
(10-20 x magnification). The suspension was
then sonicated 2 min (5 sec pulses, 5 sec
pauses, 285 W, Heat Systems XL2020, New
York, USA) on ice. By using this procedure 3
antigen suspensions were produced. For I.P.
immunization 2 doses (500 trophonts/ml and
1000 trophonts/ml; protein concentration 317
mg/ml and 635 mg/ml respectively) were
prepared. The bath vaccine contained 310
mg/ml protein. The protein content was
measured using a modified  bicinchoninic
acid  method of Pierce Chemical Co., USA
(Buchmann and Nielsen, 1999).

Immunization procedure
3x10 fish were anaesthetized (80 mg/l
MS222), weighed and immunized by I.P. in-
jection with 20 µl/g fish of the antigen sus-
pension containing  500 trophonts/ml corre-
sponding to 10 trophonts/g fish (6.34 mg pro-
tein/g fish)(Table 1). Another 3x10 fish were
treated as above but immunized with 1000
trophonts/ml antigen suspension corre-
sponding to 20 trophonts/g fish (12.70 mg
protein/g fish). An I.P. control group contain-
ing 3x10 fish were injected with 20 ml PBS/g
fish. The 30 fish in the bath immunization
group were all together gathered in one aer-
ated aquarium containing 1.5 l water with 3.84
ml of the bath vaccine (780 trophonts/ml) cor-
responding to 100 trophonts/fish (39.74 mg
protein/fish). The fish were exposed to the
antigens for 24 h and hereafter separated in
three groups of 10 fish and transferred to three
10 l aquaria. Untreated control groups (3x10
fish) for the bath immunization group was
also included. All the above procedures were
carried out at 11.6°C.

Challenge infection
On day 22 challenge infections of all groups
were carried out. Trophonts were collected as
described above, kept in small glass bowls at
11.6°C until free swimming theronts were ob-
served. These theronts were collected and 250
theronts/fish was added to all aquaria. To
increase fish-theront contact the water level
was lowered to 2 l prior to the theront addi-
tion and raised to 7 l again after 24 h. On day
30 the fish were subjected to a mild anesthesia
(30-50 mg MS222/l) and the established
trophonts in the fish skin were counted un-
der a dissecting microscope (6-50 x magnifi-
cation).

Sampling
Before starting the immunization procedure
15 fish from the fish stock tank was sampled
(D0 group). Following immunization the fish
were sampled at day 21 (prior to challenge
infection) and at day 31 (9 days post chal-
lenge). Five fish from each aquarium were
sampled on sampling days. The sampling pro-
cedure consisted of killing the fish (150-200
mg/l MS222), cutting the tail fin and fixing it
in 1.5 ml 4% phosphate buffed formalin and
finally collecting a blood sample with heparin
coated 20 ml capillary tubes.

Haematocrit values
The capillary tubes were centrifuged (1520 x
g, 5 min, 4°C, Universal 32R, Hettich, Ger-
many) and the haematocrit value measured.

Differential counts
Following centrifugation of the capillary tubes
the leukocyte  interface between erythrocytes
and plasma was collected and dispersed on a
glass-slide. The monolayer of leukocyte s were
air dried for 10 min at room temperature (RT)
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and then fixed in methanol, dried again at RT
and stored. The slides were colored with
Giemsa-Azur-Eosin-methylen blue (Bie &
Berntsen A/S, Denmark, 00223) for 5 min and
rinsed 3 times with tap water. The slides were
air dried and finally mounted with Depex
(Gurr, BDH Laboratory Supplies, England).
One hundred leukocytes were counted and
differentiated into lymphocytes, neutrophils,
monocytes, plasmacytoid lymphocytes and
thrombocytes following the classification of
Roberts (1989), Rowley (1990) and Amin et al.

(1991). The leukocyte s were counted using a
compound microscope at 400-1000 x magni-
fication.

Measurement of anti Ichthyopthirius
multifiliis antibodies
The plasma from the capillary tubes was di-
luted with PBS (1:10) and stored at -20°C un-
til use. The specific antibody response against
the ciliate was measured with the ELISA
method (Sigh and Buchmann, 2001). Polysty-
rene microtiter plates (Maxisorb, Nunc, Den-
mark) were coated with sonicated
Ichthyophthirius multifiliis trophont proteins
(5mg/ml) in coating buffer (100 ml/well) (2.93
g NaHCO3, 4.29 g Na2CO3· 10 H2O up to 1 l
with deionized water, pH 9.6). Measurement
of the protein content and the preparation of
the ciliate was done as described above. The
plates were covered with parafilm and incu-
bated for 12 h at 4°C on a shaker (150 rpm).
The following incubations were carried out
at RT and 150 rpm. Between each incubation
step the plates were washed 5 x 5 min with
200 ml washing buffer/well (0.05% Tween-20
in PBS, pH 7.2). The wells were blocked with
200 ml blocking buffer/well (0.5% BSA in PBS,
pH 7.2) and incubated 1 h. After a washing

step a dilution series of the fish sera (1:10, 1:20,
1:40, 1:80, 1:160, 1:320, 1:640, 1:1280, 1:2560)
was made with dilution buffer (0.1% BSA in
PBS, pH 7.2) and 50 ml of each was placed in
each well. Following 2 h incubation the plates
were washed and 50 ml rabbit anti-salmon Ig
antibody (Buchmann and Pedersen, 1994) di-
luted 1:2000 (dilution buffer) was added to
each well and incubated 2 h. After a washing
step peroxidase conjugated goat anti-rabbit
antibody was added (50 ml/well, Sigma
Chemical Co., St. Louis, USA, A-0545, diluted
1:2000 in dilution buffer) and incubated 2 h.
Following the last washing step the substrate
(Ortho-phenylenediamine, 0.4 mg/ml, Sigma
Chemical Co., St. Louis, USA, P-5412) in 0,05
M phosphate-citrate buffer (pH 5.0) with H2O2

was added (50 ml/well). The reaction was
stopped after 30 min with 150 ml 1 M H2SO4

and the absorbance was read at 492 nm
(Labsystems Multiscan RC 351, Finland).
Pooled immune sera from rainbow trout (app.
7.6 g) was included as a positive control.

Staining of mucous cells
Formalin fixed tail fins cut in the longitudi-
nal direction were rinsed in deionized water
for 10 min, transferred to a solution of Alcian
Blue (Sigma Chemical Co., St. Louis, USA, A-
5268)(1 % Alcian Blue in 3 % acetic acid) for
20 min and rinsed with 1 ml deionized water
3 times for a total of 20 min. The stained fin
sections were mounted in aquamount (Gurr,
BDH Laboratory Supplies, England). Stained
cells in an area of 0.75 mm2 starting from the
distal edge of the fin were counted using a
compound microscope at 200 x magnification.
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Staining of Artocarpus lectin positive cells
A biotinylated lectin from the plant Artocarpus

integrifolia (Sigma Chemical Co., St. Louis,
USA, L-7775) recognizing the carbohydrate
methyl alfa-D-galacto-pyranosid was used to
identify this carbohydrate on the surface cells
of the fins. Pieces of the tail fins were cut as
for the mucous cell count and rinsed in 1 ml
Tris-buffed saline (TBS) for 10 min, after which
the fins were blocked with 5% BSA in TBS for
20 min (RT, 150 rpm). A solution containing
the Artocarpus lectin (10 mg/ml) in dilution
buffer (0.5% BSA in TBS) was added and in-
cubated 45 min and washed 3 times (200 ml
0.05% Tween-20 in TBS/well). An avidin and
biotinylated alkaline phosphatase complex
(ABC-AP complex, Dako A/S, Denmark,
K0376) was added to each well, incubated 30
min (RT, 150 rpm) and washed as above. Fast
Red (Sigma Chemical Co., St. Louis, USA, F-
4523) in buffer (0.1 M Tris-HCl, pH 8.2) was
used as substrate and reacted for 5 min. The
reaction was stopped by rinsing with water.
The fin-sections were mounted in
Aquamount. The positive cells were counted
as described for mucous cell counts.

Staining of antibody 106-22 positive cells
Corresponding tail fins were placed in 1 ml
PBS for 5 min and blocked in 1 ml 5 % BSA in
PBS for 20 min (RT). Upon drainage 300 ml of
a monoclonal antibody 106-22 (mAb 106-22)
against rainbow trout leukocyte surface mark-
ers (Slierendrecht, 1995) diluted 1:10 in dilu-
tion buffer (0.5 % BSA in PBS) was applied
and incubated for 60 min (37°C, 150 rpm). The
tissue was then washed 2 times with 1 ml
washing buffer for 5 min (0.05 % Tween-20 in
PBS, RT, 150), whereupon 300 ml of the sec-
ondary antibody, goat anti mouse Ig, conju-

gated with horseradish peroxidase
(Kirkegaard and Perry Laboratories Inc., UK,
074-1809) diluted 1:300 with dilution buffer
was incubated 60 min (37°C). Following a
washing step as described above the antibody
binding was shown by adding the substrate
3-amino-9-ethyl-carbazole (AEC)(Sigma
Chemical Co., St. Louis, USA, A-6926) for 10
min. The fin sections were flushed in
deionized water and mounted in aquamount.
The positive cells were counted in the same
manner as for the mucous cell counts.

Statistics and calculations
The Mann-Whitney U-test was used to evalu-
ate differences between infection levels in the
infection experiment with significance levels
of 5%. Abundance and prevalence for the in-
fection establishment was calculated accord-
ing to Bush et al. (1997). All other statistical
calculations was based on the Tukey test and
a 5% significance level. The Spearman rank
order correlation was used to correlate mu-
cous cells and Artocarpus stained cells.

Results
Challenge infection
The theront exposure resulted in a light
trophont establishment in all groups corre-
sponding to 0 to 9 trophonts/fish. In each
group the replicates were found not to differ
significantly from each other and the repli-
cates were pooled. There was a lower infec-
tion level in the I.P. 20 trophonts/g group
compared with the two control groups
(p<0.001) and the bath vaccine group
(p<0.05)(Figure 1). The I.P. 10 trophonts/g
group had a lower infection level than both
control groups (p<0.001)(Figure 1). The preva-
lence differed also among groups with 100%
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prevalence in both control groups, 87% in the
bath group, 72% in the I.P. 10 trophonts/g
group and 47% infected in the I.P. 20
trophonts/g group (Figure 2).

Haematocrit values
Replicates were found not to differ signifi-
cantly from each other and the replicates were
pooled. No differences were found on sam-
pling days between experimental groups but
the haematocrit value was significantly lower
on day 0 compared to day 21 and 31 in all
groups. The haematocrit value were 39.5% ±
2.3% on day 0 and ranged from 43.5% ± 2.5%
to 50.7% ± 4.3% in all other groups at sam-
pling days 21 and 31.

Differential counts
On sampling days no differences were found
between groups for neither lymphocytes,
neutrophils or monocytes. Numbers of
neutrophils on day 31 in the I.P. 20 trophonts/
g group, the I.P. 10 trophonts/g group and the
bath group was lower than the Day 0 group.
Neutrophils in control groups on all days did
not differ from each other (Table 3). Numbers
of lymphocytes ranged from 89.9% ± 5.9% to
96.7% ± 3.4%, monocytes from 0.0% to 0.5% ±
0.5%, plasmacytoid lymphocytes from 0.3%
± 0.5% to 3.9% ± 2.5% and thrombocytes from
0.5% ± 0.7% to 3.1% ± 2.5%.

Anti Ich antibodies
No difference in specific anti Ich antibody re-
sponse was detected between any groups at
any sampling day. The observed absorbance’s
at dilution 1:10 ranged from 0.09 ± 0.01 to 0.12
± 0.01 and the positive control obtained an
absorbance of 0.72 ± 0.06.
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Figure 1.  Abundance and SD of Ichthyophthirius
multifiliis trophonts infecting Oncorhynchus mykiss
after intra-peritoneal (I.P.) injection of a sonicate of
10 or 20 trophonts/g fish, bath vaccination and I.P
injection of PBS or no treatment. The established
trophonts were counted 8 days after the challenge
infection was carried out. tro: trophonts, I.P.: intra-
peritoneal injection, Bath imm.: Bath immunization.
a p<0.001 in relation to I.P. 20 tro/g treatment, b

p<0.05 compared to I.P. 20 tro/g treatment, c

p<0.001 compared to I.P. 10 tro/g treatment, d

p<0.05 in relation to Bath treatment.
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Figure 2. Prevalence of Ichthyophthirius multifiliis
trophonts infecting Oncorhynchus mykiss after intra-
peritoneal (I.P.) injection of a sonicate of 10 or 20
trophonts/g fish, bath vaccination and I.P injection
of PBS or no treatment. The established trophonts
were counted 8 days after the challenge infection
was carried out. tro: trophonts, I.P.: intra-peritoneal
injection, Bath imm.: Bath immunization.
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Mucous cells
The density of mucous cells on 0.75 mm2 tail
fin ranged from 179.0 ± 83.0 to 402.6 ± 112.9
and no relationship between mucous cell
number and infection level were observed.

Artocarpus positive cells
The density of Artocarpus positive cells on 0.75
mm2 tail fin ranged from 234.5 ± 73.3 to 404.1
± 132.8 and no association was found between
cells stained by Artocarpus and the infection
levels. When correlating the Artocarpus posi-
tive cell density with that of the mucous cell
density a positive correlation was found
(Spearman rank order correlation, r=0.47,
p=0.13).

Antibody 106-22 positive cells
Individual fish in the same group exhibited a
great variation in numbers of antibody 106-
22 positive cells. On day 21 the control group
had a lower density of positive cells than the
I.P. 10 trophonts/g group and the I.P. 20
trophonts/g group. The groups I.P. 10
trophonts/g and the I.P. 20 trophonts/g had
fewer positive cells on day 31 than the bath
treated group on the same day. Furthermore
on day 31 the I.P. 20 trophonts/g had fewer
positive cells than the control. Both the I.P. 10
trophonts/g group and the I.P. 20 trophonts/
g group had fewer positive cells on day 31
compared to day 21 (Table 2).

Discussion
This investigation demonstrated that immu-
nized rainbow trout fry 10 weeks post-hatch
were better protected against Ichthyophthirius

multifiliis infection than non-immunized fry
(Figure 1 and 2). A corresponding result was
obtained by Bauer (1953) working with ex-
perimental infection of young carp. Follow-
ing infection of these fish he found that the
protection against reinfection was positively
correlated to the level of the primary infec-
tion. In our investigation the fish receiving the
highest antigen doses were also the best pro-
tected with the bath treated fish being more
susceptible to the infection than the I.P. in-
jected fish. The mechanism responsible for
this is not clear. Specific anti-Ich antibodies
in the fish skin was suggested by Clark and
Dickerson (1997) to protect against Ich. How-
ever, in the present experiment no differences
were found in plasma antibody levels in any
groups. Tatner (1986) found a humoral re-
sponse in rainbow trout fry 2 months post-
hatch following immunization with
Aeromonas salmonicida. Whether the lack of a
corresponding anti-Ich response in the present
study is due to differences in the antigen
quantity or quality is not known. Alterna-
tively, the development of immune respon-
siveness in trout to Ich could be inferior com-
pared to Aeromonas salmonicida exposure.
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13 )1.75(9.92 db )7.06(1.63 eb )7.012(9.681 )2.621(9.49 )3.221(5.531 c

Table 2. Monoclonal antibody (mAb 106-22) stained cells on 0.75mm2 tail fin. Mean and (SD). a p<0.05 in
relation to D21 Control, b p<0.05 in relation to D31 Bath immersion, c p<0.05 in relation to D31 I. P. 20 tro/g, d

p<0.05 in relation to D21 I. P. 20 tro/g, e p<0.05 in relation to D21 I. P. 10 tro/g, I.P.: intra-peritoneal injection,
tro: trophonts.
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Cell-mediated immunity has been demon-
strated in rainbow trout fry 14 days post-hatch
by rejection of allografts (Tatner, 1996).
Houghton and Matthews (1993) showed that
immune juvenile carp with anti-Ich antibod-
ies failed to resist trophont establishment
when immuno-suppressed with corticoster-
oid. In contrast, untreated immune fish re-
sisted the infection. This suggested that pre-
existing antibodies may only play a partial
role in resistance. Sin et al. (1996) injected Ich
antigens into the skin of immune goldfish and
observed heavy infiltrations of mononuclear
leukocyte s suggesting the influence of cellu-
lar reactions in the protection.

The number of neutrophils in the peripheral
blood on day 31 in the I.P. 20 trophonts/g
group, the I.P. 10 trophonts/g group and the
bath group were significantly lower than the
Day 0 group. In addition a tendency of fewer
neutrophils in the immunized groups on day
31 compared to day 21 was observed (Table
3). This might be due to the migration of the
neutrophils from the blood to the infected tis-
sue.

Mucous cell density detected with alcian blue
staining and Artocarpus binding did not ap-
pear to be associated with the Ich infection
response.

The antibody mAb 106-22 was raised against
peripheral blood leukocytes (Slierendrecht,
1995) and in this study used to stain epider-
mal cells. The number of mAb 106-22 stained
cells in the I.P. injected groups were signifi-
cant lower on day 31 than before the challenge
on day 21 (Table 2). The day 21 control group
had few positive cells. It cannot be excluded
that the mAb 106-22 reacts with an epidermal
immuno-reactive cell that participates in the
skin defence and that the density of this cell
type is exhausted during the response.

In conclusion, rainbow trout fry may be partly
protected against Ich-infections by immuni-
zation with I.P.-injections of Ich-sonicate pre-
pared from formalin killed trophonts. The
specific antibody response in 10 weeks old
trout seems to be less important compared to
cellular events in the protection induced.
However, this does not exclude that humoral
factors may be involved in the anti-Ich re-
sponse in older trout.
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relation to D0. I.P.: intra-peritoneal injection. tro: trophonts.
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