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Abstract
The protection in Salmo trutta against I. multifiliis infection following IP injection with formalin-
killed Ichthyophthirius multifiliis trophonts or Tetrahymena spp (T. pyriformis, T. pigmentosa, T.
thermophila) was evaluated. A relative protection was achieved by exposure to Tetrahymena. Sub-
sequently, the epitopes in the four ciliates were compared by lectin blotting and agglutination
assays. Lectin blots showed mannosyl epitopes in all organisms and galacto-pyranoside in the
three Tetrahymena species. Lactosaminyl was found in T. pyriformis and T. pigmentosa only. Immo-
bilisation studies using trout immune serum demonstrated a response against I. multifiliis and
all three species of Tetrahymena. It is suggested that not only low specificity antibodies but also
activation of other factors (e.g. lectins or non-specific cytotoxic cells or others) may explain pro-
tection against I. multifiliis afforded by immunisation of fish with heterologous organisms.

Introduction
The immunity of fish against the pathogenic
ciliate Ichthyophthirius multifiliis has been in-
tensively studied through the last century
(Buschkiel 1910, Bauer 1953, Hines & Spira
1974, Wahli & Meier 1985, Sin et al. 1996). Ever
since the discovery of the ability of serum
from infected fish to agglutinate theronts and
trophonts of I. multifiliis, it has been widely
accepted that specific antibodies are involved
in the acquired immunity against this para-
site (Hines & Spira 1974, Clark et al. 1987,
Clark et al. 1988, Houghton & Matthews 1990,
Clark & Dickerson 1997, Sigh & Buchmann
2001). The ciliate exhibits surface proteins re-
ferred to as immobilisation antigens (i-anti-
gens) (Dickerson et al. 1989, Lin & Dickerson
1992) and injected monoclonal antibodies
against these antigens are able to protect na-
ive fish from lethal infections of I. multifiliis

(Lin et al. 1996). The characterisation of the i-
antigens of I. multifiliis have shown that the
antigens, like those of free-living ciliates such
as Tetrahymena and Paramecium, comprise a
group of phosphatidylinositol (GPI)-anchored
cell surface proteins with molecular masses
between 40 and 70 kDa (Dickerson et al. 1989,
Lin & Dickerson 1992, Ron et al. 1992, Lin et
al. 1996). It is noteworthy that previous stud-
ies have shown some degree of protection
against I. multifiliis in fish immunised with
Tetrahymena-antigens (Goven et al. 1980, Wolf
& Markiw 1982, Ling et al. 1993). Thus it is
indicated that cross-protection could be linked
to similarity of surface molecules in these cili-
ate species.

In the present study it has been investigated
if brown trout, Salmo trutta, immunised with
one of three species of Tetrahymena is protected
against I. multifiliis. In addition, the surface
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epitopes in the different organisms have been
compared by immobilisation/agglutination
assays and by blotting with lectins reacting
with different carbohydrate molecules.

Materials and methods
Culture of Ichthyophthirius multifiliis
Monocultures of I. multifiliis obtained from
infected rainbow trout (obtained from the
Danish fish farm Refsgaard II) were main-
tained in the laboratory at 12OC by addition
of naïve rainbow trout to the fish tank every
10 days. Rainbow trout with heavy infections
of mature I. multifiliis trophonts were killed
by an overdose of MS222 (Sigma A-5040) and
the trophonts exiting the fish were collected
every 15 min for two hours. The collected
trophonts were centrifuged and re-suspended
in PBS.

Culture of Tetrahymena
Three species of Tetrahymena (Tetrahymena

pigmentosa strain HG2, T. pyriformis strain G2
and T. thermophila strain CU399 obtained from
the Panum Institute, Copenhagen, Denmark),
were cultured in vitro using proteose peptone
– yeast medium (PY-medium) (Hellung-
Larsen & Lyhne 1992). The ciliates were col-
lected by centrifuging the culture tubes at
400g. Following a wash with PBS the pellet
was re-suspended in PBS.

Sonication and protein determination of
ciliate suspensions
Collected ciliates were sonicated on ice using
a Sonicator Ultrasonic Liquid Processor
Model XL 2020, Heat Systems, New York,
USA. Subsequently the protein concentrations
were determined using a modified Pierce
method  (the BCA-method) described by
Buchmann & Nielsen (1999).

Culture of Salmo trutta
Salmo trutta yolk sack fry was purchased from
the Danish hatchery Esrum Mølle and reared
under pathogen-free laboratory conditions in
aerated tap water at 12OC until use.

Immunisation of Salmo trutta
Tetrahymena spp and I. multifiliis collected as
described above were fixed in phosphate buff-
ered 4% formaldehyde. The number of ciliates
were counted before immunisation using a
Sedgewick Rafter counting cell. The fixed
ciliates were used for i.p. immunisation of
Salmo trutta (body weight 4 g). The fish (10
fish in each group) were kept at 12OC in
aquaria containing 12 l of aerated tap water.
Six immunisation groups were included in the
experiment. Three groups were immunised
with one of the three species of Tetrahymena.
A fourth group received a mixture of all the
Tetrahymena species. A fifth group was immu-
nised with I. multifiliis (160 trophonts per fish).
The sixth group received phosphate buffered
saline (PBS pH 7.2) and was included as a
negative control.  Since 68,000 Tetrahymena

equals the volume of 160 I. multifiliis trophonts
this number of Tetrahymena was used to im-
munise each fish in the first three groups. Fish
immunised with a mixture of the three spe-
cies also received a total of 68,000 Tetrahymena,
one third of each species. The ciliates were
injected in a volume of 100 µl of PBS with no
adjuvant added.

Challenge infection with I. multifiliis
At day 20 after immunisation all the groups
were exposed to I. multifiliis for 24 hours by
placing the fish in a tank with infective
theronts. All groups were simultaneously in-
fected in the same tank and kept at 12OC dur-
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ing the experiment. Five days later (26 days
post immunisation) the trophonts present on
the fins of the fish were counted using a dis-
secting microscope (7-40x magnification).

Trout antiserum against I. multifiliis
Serum samples from 15 rainbow trout (Body
weight: 200 g) naturally infected by 3-month
exposure at the Danish fish farm, Rindsholm
Dambrug, were collected, pooled and kept at
-20OC until use. Serum was likewise collected
and pooled in the laboratory from 5 (similar
size) experimentally infected rainbow trout
(Buchmann et al. 1999) 23 days post infection
and from 5 (similar size) uninfected rainbow
trout.

Agglutination/immobilisation assays
To determine if the trout sera were able to
agglutinate/immobilise Tetrahymena spp and
I. multifiliis theronts tests were performed us-
ing a modification of the assay described by
Hines & Spira (1974). The assays for I.

multifiliis were performed in 96 well microtitre
plates (Nunc, Denmark). All sera were heat-
inactivated (decomplemented) at 44 OC for 20
min (Sakai 1992). Two-fold dilutions of the
three serum pools were made with PBS pH
7.2 and 100 µl added to the wells of a 96-well
microtitre plate. Theronts were prepared from
tomocysts produced from trophonts leaving
the epidermis of infected rainbow trout as
previously described (Buchmann et al. 1999)
and were added to the wells to a final vol-
ume of 200 µl and a concentration of 250
theronts ml-1. The numbers of living and im-
mobilised theronts were monitored every 30
min for two hours. The immobilisation titre
was defined as the reciprocal value of the di-
lution at which 50% of the parasites were un-

able to move. The assays were performed in
duplicates, and if differences in the titres were
registered, the lowest titre of the two was
used. Since Tetrahymena spp adheres to the
plastic surfaces of the microtitre plates, the
assays for the Tetrahymena species were per-
formed in glass microscopic slides with a cen-
tral concave depression, using 25 µl serum di-
lution and 25µl Tetrahymena solution (final
concentration 1000 cells ml-1).

SDS-PAGE
Electrophoresis was done using a commer-
cially available electrophoresis system
(NuPAGE, Novex). Proteins from I. multifiliis

trophonts and the three species of Tetrahymena

were separated by a 10% polyacrylamide gel
at neutral pH by applying  sonicated ciliates
(7 µg protein) in sample buffer to each well.
All samples were run under non-reducing
conditions using MOPS (3-(N-morpholino)
propane sulfonic acid) running buffer (200 V
for 1h).

Lectin blotting
For detection of carbohydrate epitopes in the
Tetrahymena spp and I. multifiliis lectin blot-
ting was performed using 5 different lectins.
The following biotinylated lectins were used:
concanavalin A from Canavalia ensiformis

(Sigma C-2271) (binding to mannosyl and
glucosyl residues), lectin from Bandeiraea

simplicifolia BS-I (Sigma L-3759) (binding to
galactosyl residues), lectin from Erythrina

corallodendron (Sigma L-0893) (binding to
acetyllactosamine residues), lectin from
Artocarpus integrifolia (Sigma L-7775) (binding
to galactopyranoside residues) and lectin
from Tetragonolobus purpureas (Sigma L-3134)
(binding to fucosyl residues).
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Proteins run on SDS-PAGE as described above
were transferred to 0.45 µm nitrocellulose
membranes using a blotting module (Xcell II
Mini-Cell Blot module, Novex) (30 V for 1 h).

The nitrocellulose membranes were blocked
for unspecific binding with blocking buffer
(Tris buffered saline TBS pH 8.0 with 5% bo-
vine serum albumin (BSA)) for 10 min. Each
blot was then incubated for 1 h with one of
the five different biotinylated lectins in TBS
(20 µg ml-1). The blots were then washed 3 x 5
min with washing buffer (TBS with 0.05%
Tween-20) and incubated 30 min with ABC-
AP complex (Avidin, biotin-conjugated alka-
line phosphatase (DAKO, K0376)) diluted 1:30
in TBS with 2.5% BSA. After a final wash (3 x
5 min), Fast Red solution (Sigma F-4523) in
0.1 M Tris buffer pH 8.2 was added. Lectin
binding protein bands were visualized by a
red colour development. The reaction was
stopped by rinsing with distilled water.

Results
Trophont counts
The number of trophonts present on the fins
of the infected S. trutta were significantly
lower at 5 days post-challenge in the groups
immunised with T. pyriformis, T. pigmentosa

and the mixed Tetrahymena group when com-
pared to the control group (Table 1).

Agglutination/immobilisation
When agglutination/immobilisation assays
were performed with I. multifiliis-immune
trout sera, immobilisation of all three species
of Tetrahymena was detected, although the ti-
tres were not as high as the titres in I. multifiliis

assays (Table 2). No agglutination of the Tet-

rahymena species was seen with the ciliate con-
centrations used in these assays, but the heat-
inactivated rainbow trout serum was able to
partly lyse and deform the cells of T. pyriformis

(titre 1:8) and T. pigmentosa (titre 1:4). No lysis
of T. thermophila was detected in the present
study. When higher concentrations (approxi-
mately 20,000 cells ml-1) of T. pyriformis were
added to non-diluted immune rainbow trout
serum, a marked agglutination was detected
(data not shown). Rainbow trout antiserum
from the experimentally infected fish reacted
similarly to the antiserum from the naturally
infected rainbow trout (data not shown).

Lectin blotting
The carbohydrate containing epitopes present
in the three species of Tetrahymena and I.

multifiliis are shown in Table 3. Concanavalin
A was the only lectin reacting with I. multifiliis,

Table 1. The mean number of trophonts present on the fins of the immunised Salmo trutta. Each group
consists of 10 fish. * Significantly lower number of trophonts compared to the group injected with PBS
(Students t-test: normality test passed: p<0.05)
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dexiM anemyharteT *1.91 7.4

SBP 7.62 5.8
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indicating the presence of mannosyl residues
in this species. All lectins tested, except the
lectins from Bandeiraea simplicifolia and
Erythrina corallodendron, reacted with epitopes
in all three species of Tetrahymena. The lectin
from Erythrina corallodendron reacted only
with T. pigmentosa and T. pyriformis.

Discussion
The lower number of I. multifiliis trophonts
established in the groups of S. trutta immu-
nised with T. pyriformis, T. pigmentosa, T.
thermophila and the mixed Tetrahymena sug-
gests a partial protection against I. multifiliis

in these groups. The cross-protection corre-
sponds to pilot studies previous conducted
(Data not shown), but given the low degree
of protection, future studies including dupli-
cates are needed to confirm these results. The
shown cross-protection could be due to cer-
tain similarities in the surface epitopes of
these ciliates. Previous studies have shown
that immunisation with live Tetrahymena and
cilia from Tetrahymena results in some degree
of protection against I. multifiliis (Goven et al.
1980, Wolf & Markiw 1982, Ling et al. 1993).
A possible explanation for the protection in
the groups immunised with Tetrahymena, but
not in the group immunised with I. multifiliis

could be related to the parasite surface since
the I-antigens are expressed at the ciliate sur-
faces. Although 160 I. multifiliis equals the
volume of 68.000 Tetrahymena, the surface area
of the injected amount of Tetrahymena is
greater than that of the injected I. multifiliis.
The fact that no adjuvant was added to the
formaldehyde fixed ciliates and no booster
injections was given, might also explain the
low level of protection. It can be excluded that
the period between immunisation and chal-
lenge was to short since previous studies us-
ing similar conditions have shown that full
protection can be obtained by a single expo-
sure to I. multifiliis and challenge after ap-
proximately 20 days (Sigh & Buchmann 2001).

The agglutination/immobilisation assays
showed that rainbow trout immune serum is
able to immobilise all three species of Tetrahy-

mena with the strongest reaction against T.

pyriformis. In addition, it was seen that the
rainbow trout antiserum was able to partly
lyse and deform the Tetrahymena cells to a
spherical appearance.

It cannot be excluded that the immune rain-
bow trout from the natural infection could
have encountered one or more species of Tet-

rahymena in the ponds. However, the sera
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Table 2. Serum agglutination/immobilization titres. The titres were read 2 h after the addition of ciliates to
the serum. All sera were heat-inactivated. The immobilization titre is the reciprocal value of the dilution at
which 50% of the ciliates are immobilised. The agglutination titre is the reciprocal value of the dilution at
which 50% of the ciliates are agglutinated. The immune serum was pooled from 15 fish. Non-immune serum
pooled from 5 fish. NA: No agglutination. NI: No immobilization.
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from the experimentally and naturally in-
fected rainbow trout show similar immobili-
sation and agglutination of the three species
of Tetrahymena. Therefore, it is suggested that
this reaction indicates cross-reactivity be-
tween I. multifiliis and the other ciliates. It is
unknown if this reaction is caused by antibod-
ies only or if it includes additional host fac-
tors. The clear reaction against Tetrahymena

spp. (found in immobilisation/agglutination
assays with rainbow trout anti I. multifiliis

sera) is interesting because a number of stud-
ies have shown that immunisation of fish with
Tetrahymena pyriformis affords some protection
against I. multifiliis infections (Goven et al.
1980, Wolf & Markiw 1982, Ling et al. 1993).
The above-mentioned agglutination/immobi-
lisation suggests that this protection against
I. multifiliis is  - at least partly - dependent on
antibodies. However, other studies have in-
dicated that additional factors are involved
in the host response against I. multifiliis. Thus,
immuno-suppressed fish are susceptible to I.
multifiliis, even when their antibody titres re-
main high. Therefore, antibodies do only play
a partial role in the immune reaction against
I. multifiliis (Houghton & Matthews 1990).
This suppression of the immune response
suggests an indirect role of antibodies in the
immunity against I. multifiliis such as
opsonisation and/or complement activation.
In addition, nonspecific cellular factors could

be involved (Graves et al. 1985). Furthermore,
the fact that immobilisation titres decrease
after heat-inactivation indicates the involve-
ment of complement in the immune response
against I. multifiliis (Buchmann et al. 1999). It
cannot be excluded that a lectin-activated
complement pathway is involved. The present
work showed that mannose epitopes are
present in not only I. multifiliis but also in
other ciliates. The presence of mannose bind-
ing lectins in salmonids was in fact shown by
Ottinger et al. (1999) and such an activation
system in trout could explain non-specific
protective responses activated by Tetrahymena

spp.  Other heat stabile serum factors could
also be, at least partly, involved in the immo-
bilisation. Molecules such as C-reactive pro-
tein, lectins, lysozyme and other acute phase
proteins present in the serum at an infection
are worth considering in this context.
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Table 3. Detection of carbohydrate regions on lectin blots of T. pyriformis, T. pigmentosa, T. thermophila and I.
multifiliis using five different lectins. + Indicates positive reaction. – Indicates no positive reaction.
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