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Abstract
White spot disease caused by the ciliate Ichthyophthirius multifiliis may lead to mass mortalities
in fresh water fish. To date, a chemotherapy suitable to treat fish produced for human consump-
tion is not yet available. As fish surviving an infection acquire immunity against reinfection
with the parasite, vaccination might represent an alternative. A crucial prerequisite for the de-
velopment of a vaccine against white spot disease, however, would be the establishment of meth-
ods for the in vitro propagation of I. multifiliis. We used a cell-culture system to maintain and
grow I. multifiliis in vitro. However, the cultures were frequently hampered by contaminations
with Tetrahymena corlissi. Consequently, we developed a PCR-based technique for the detection
of T. corlissi - contaminations in I. multifiliis in vitro cultures. The PCR test was found to be sensi-
tive even for single parasites and T. corlissi could effectively be discriminated from I. multifiliis.
Different developmental stages of I. multifiliis could be detected with comparable specificity and
sensitivity. This test may thus be used as a rapid and accurate tool for the detection and differen-
tiation of the two ciliate species in vitro.

Introduction
Ichthyophthiriasis caused by the ciliate
Ichthyophthirius multifiliis is an important
parasitic infection of freshwater fish which
may lead to mass mortality in all age groups
of farmed and ornamental fish. White spot
disease has been known since 960 B.C.. At
present, therapeutics suitable to treat infected
fish produced for human consumption are not
available.

Fish surviving an infection with I. multifiliis

acquire immunity against reinfection with the
parasite (Bauer, 1953). Consequently, vaccina-
tion of fish with parasite antigens could lead
to protection against infection and may be

beneficial for fish farms throughout the world.

For the production of parasite antigens, an in
vitro cultivation system for I. multifiliis would
be an invaluable tool. However, effective
methods for in vitro cultivation of I. multifiliis

have not yet been established. One major ob-
stacle is the frequent contamination of the
cultures with Tetrahymena corlissi.

In the present publication, an in vitro cultiva-
tion method for I. multifiliis is described. Fur-
ther, we report the development of a molecu-
lar method to detect contaminations by T.

corlissi in I. multifiliis cultures based on a PCR
directed towards the 18S rRNA gene.



Bull. Eur. Ass. Fish Pathol., 21(6) 2001,  223

Materials and Methods
Host fish
Juvenile rainbow trout (Oncorhynchus mykiss,

Walbaum) of 13 - 16 cm body length bred at
the fish disease laboratory of the University
of Berne were used as host fish for maintain-
ing the life cycle of I. multifiliis. The fish had
no history of contact with the parasite before
they were used in the experiments. Fish were
kept in glass aquaria supplied with tap water
in a flow-through system. All tanks were aer-
ated.

Parasites.
The parasites were initially isolated from
white fish Coregonus sp. and then maintained
in the laboratory by serial passage on trout.
Either naive fish were added to infected ones,
or parasites were sampled from infected fish
and processed as described below to produce
infective theronts for the infection of naive
fish. A permanent culture of T. corlissi isolated
from rainbow trout was maintained in our
laboratory in 1% sterile Eagle’s minimal es-
sential medium (MEM) (GibcoBRL, Life Tech-
nologies Ltd., Paisley, Scotland).

Parasite isolation and recovery of mucus
Fish demonstrating a clearly visible infection
were anaesthetised using 50 mg tricaine
methanesulfate (Argent chemical laboratories,
Washington, USA) per litre of water. Mucus
containing I. multifiliis trophonts was scraped
off the skin with the blunt side of a scalpel
and transferred to a 185 ml beaker containing
tap water. This beaker was then incubated at
room temperature for one hour allowing the
parasites to leave the mucus. Thereafter, ex-
cess mucus was removed from the beaker
using an Eppendorf pipette and the parasites

were incubated at 15°C for 2 days ( Wahli
1985). Theronts , that emerged were either
used to infect naive fish or for inoculation of
cell cultures. Mucus from naive fish, from fish
infected two days prior to sampling and from
fish recovered from ichthyophthiriasis was
collected and frozen at –80°C until use.

Cell cultures for propagation of I. multifiliis
in vitro
Cells of a Bluegill fry-2 (BF-2) cell line (Ameri-
can Type Culture Collection ATCC, number
CCL-92) were seeded into 24 well costar plates
at a density of 8x106 cells per well. and were
maintained at 15°C until use. E-MEM supple-
mented with Earle’s salt lacking L-Glutamine
and L-Arginine was used as the medium for
cultivation of cells. Ciproxin was added to a
final concentration of 2 mg / ml to inhibit
bacterial growth. Preparation of cell culture
was performed according to Freshney( 1994).

For cocultivation of BF-2 cells and I. multifiliis,
cells were inoculated with freshly hatched I.
multifiliis theronts. Either E-MEM supple-
mented with 3% fish serum (FS)  from naive
rainbow trout (FIWI fish serum collection,
number 21.12.99) or E-MEM without addi-
tives was used. Culture plates were incubated
at 15°C in a incubator for at least one week.

Polymerase chain reaction (PCR)
As starting material for preparation of ge-
nomic DNA, cultures of I. multifiliis trophonts
obtained from infected fish as well as from
cell cultures and freshly emerged I. multifiliis

theronts and T. corlissi were used. In addition,
DNA preparation was carried out on mucus
sampled from infected or naive fish, respec-
tively. Preparation of genomic DNA from in
vitro – cultivated protozoa was performed
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according to Felleisen (1997). Ciliates were
harvested by 5 min centrifugation  at 12,000 g
at 22°C and the pellets were resuspended in
TNN buffer (10mM NaOH, 0.5 % Tween 20,
0.5% Nonidet P40). Cells were lysed during
five minutes incubation at 97°C in a heating
block. Cellular debris was removed by 5 min
centrifugation at 12,000 g in an microfuge at
22°C. The supernatants containing the ge-
nomic DNA were transferred into a fresh tube
and aliquots were used as templates for PCR.

As target sequence for PCR, the 18S rRNA
genes of the two organisms in question were
chosen. In order to select primers suitable for
amplification, the respective gene sequences
of I. multifiliis (GenBank accession number
U17354) and T. corlissi (GenBank accession
number U17356) were aligned.

The primer D-1 (5-
‘CTAATTGTTGGGCTAATACATG-3') was
designed  from a region conserved in both
sequences. Two further primers, D-2 and D-
3, were designed from a region displaying
heterogeneity when the sequences of the two
species were compared: primer D-2 (5'-
TCAATGCCGTAGAGAGAAGAATC-3') was
derived from the I. multifiliis gene and D-3 (5'-
GACGAGTCGTTATGAGTCTG-3') from the
T. corlissi gene.

PCR was carried out in a 25 µl total reaction
volume containing 1 X PCR buffer (Life Tech-
nologies, Basel, Switzerland), 2,5mM MgCl2,

1 µM primers, 200 µM dATP,dGTP,dCTP, 400
uM dUTP (Boehringer, Mannheim, Germany),
2 U Ampli Taq polymerase (Perkin Elmer,
Rotkreuz, Switzerland) and 1 µl supernatant.
Samples were overlaid with mineral oil and
incubated in a Perkin Elmer Cetus thermal

cycler model 480 (Perkin Elmer, Rotkreuz,
Switzerland). Prior to amplification, samples
were held for 2 min at 50°C for the UDG reac-
tion (Longo et al., 1990). Inactivation of the
enzyme and cleavage of DNA at the abasic
sites was done at 95°C for 5 min.

Then, amplification was performed using the
following profile: denaturing: 94°C, 30 sec-
onds; annealing: 58°C, 30 seconds; extension:
72°C, 90 seconds. Following 40 cycles, a final
extension step was added for 15 min at 72°C.
Then, the tubes were held at 72°C and 50 µl
CHCl3 were added to prevent any degrada-
tion of dU-containing products by residual
UDG activity. Subsequently, aliquots of the
PCR amplification products were separated
on 1.5% agarose gels.

Results and Discussion
In vitro cultivation of I. multifiliis
Theronts inoculated on cell cultures
immediatly invaded the cell-monolayers and
changed their shape into rounded cells. The
inoculation of theronts on cell monolayers
resulted in some growth and in a markedly
prolonged survival time compared to para-
sites kept in water.

However, despite some degree of develop-
ment of I. multifiliis on cell cultures no cyst
formation nor division into viable theronts
could be achieved when parasites were trans-
ferred to pure water after any period of
growth on cell cultures. These results were in
accordance with the findings of Nielsen and
Buchmann (2000). A major problem encoun-
tered was the presence of T. corlissi in some of
the inoculates. These ciliates multiply rapidly
resulting in high numbers within few days
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and survival of I. multifiliis is clearly reduced
or even prohibited. Consequently, we decided
to develop a PCR-based method for testing
of the initial inoculates for the presence of T.

corlissi  Wright (1995).

Discrimination of I. multifiliis and T.
corlissi by PCR
Specificity of PCR was evaluated with puri-
fied genomic DNA of I. multifiliis and T.

corlissi. Amplification of I. multifiliis genomic
DNA with primers D-1 and D-2 resulted in a
fragment of 352 bp (Fig. 1, lane 1), no amplifi-
cation was observed with primers D-1 and D-
3 (Fig. 1, lane 2).

With primers D-1 and D-3 and T. corlissi DNA
as a template, the expected product of 509 bp
was observed (Fig. 1, lane 5). With primers
D-1 and D-2, a very faint band representing a
fragment of 250 bp was observed (Fig. 1, lane
4). However, this non-specific product could
be easily discriminated from the specific prod-
uct obtained with the same primer pair and I.
multifiliis genomic DNA.

In order to evaluate the sensitivity of the PCR-
test, genomic DNA was isolated from defined
numbers of T. corlissi and I. multifiliis organ-
isms. Subsequently, serial dilutions of the ge-
nomic DNAs were tested by PCR. It turned
out that the DNA equivalent of one single I.
multifiliis and T. corlissi organism, respectively,
could reproducibly be detected by PCR.
Moreover, genomic DNAs could be further
diluted at least 1:100 due to fact that the rRNA
gene units are present in very high copy
number in both organisms (data not shown).

The main purpose of the PCR-test
developped, was the detection of T. corlissi

contaminations in samples of I. multifiliis. In
such samples, mixtures of genomic DNA of
the two organisms in question would thus be
present. Consequently, the genomic DNAs
were mixed in different ratios and the mix-
tures were analysed by PCR (e.g. Fig. 1, lanes
7 and 8). It turned out that T. corlissi could
easily be detected in a I. multifiliis background
when the respective primer combinations
were used separately (Fig. 1 and data not
shown).

Evaluation of a multiplex PCR
Potentially, a multiplex PCR with all three
primers D-1, D-2 and D-3 might be applied to
discriminate between I. multifiliis and T.

D-1
D-2
D-3

509 bp
352 bp

X X X X X X X X X X X
X - X X - X X - X X X
- X X - X X - X X X X

M 1 2 3 4 5 6 7 8 9 10 11

Figure 1. Discrimination of T. corlissi and I. multifilis
by PCR withh different combinations of primers.
Purified I. multifilis DNA (lanes 1-3), T. corlissi
DNA (lanes 4-6) and mixtures of both DNAs (lanes
7-11) were used as templates. For the mixtures, the
following ratios of DNA equivalents of T. corlissi
and I. multifilis were used: 20/500 (lanes 7-9); 20/5
(lane 10); 1/500 (lane 11). All DNA-samples from I.
multifilis originated from freshly emerged theronts.
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corlissi by one single reaction. Therefore, the
performance of this multiplex PCR was com-
pared with the PCR employing the individual
primer pair combinations (Fig. 1). It turned
out that pure I. multifiliis and T. corlissi DNAs
could be amplified with the individual primer
pairs and by multiplex PCR equally well (Fig.
1 lanes 3 and 6).

However, with mixtures of DNAs from the
two organisms in question, the performance
of multiplex PCR was much less efficient com-
pared to PCR with individual primer combi-
nations (Fig. 1 lanes 7-11). With mixed tem-
plates, the I. multifiliis specific PCR dominated
over the T. corlissi specific PCR. Thus, 500
equivalents of T. corlissi in a background of
20 I. multifiliis equivalents could not be de-
tected and even when a mixture of T. corlissi

and I. multifiliis DNA at a ratio of 500/1 was
analysed, the I. multifiliis PCR product was
still preferentially amplified. From these re-
sults it was concluded that due to lack of  sen-
sitivity for T. corlissi, analysis of samples by
multiplex PCR is not suitable. Consequently,
the individual primer combinations should be
applied.

PCR with different developmental stages
and various types of samples
Various developmental stages of I. multifiliis

were analysed by PCR.  Besides freshly
emerged I. multifiliis theronts (Fig.1 lane 1),
trophonts from cell culture and from infected
fish could be detected (Fig 2, lanes 2 and 3).
Results for trophonts were identical,  whether
the parasites were collected from a fish or
from the in vitro system.

In addition, mucus samples from infected and
non-infected fish were assessed. Neither mu-
cus of a naive fish (Fig. 2, lane 4) nor mucus
sampled from a fish from which all parasites
had left two days before (Fig 2 lanes 5) gave
any signal. In contrast, mucus from a freshly
infected trout resulted in a positive result (Fig
2 lane 3). This PCR method may thus be ap-
plied not only to purified parasites but also
as a supplementary diagnostic tool for the
confirmation of an infection of fish with I.

multifiliis.

In the present publication we describ the in
vitro cultivation of I. multifiliis and the devel-
opment of a PCR-based method for the analy-
sis of these in vitro cultures for the presence

Agarose gel electrophoresis of PCR amplification
products. Lane 1: Markers; Lane 2: Single I.multifiliis
trophont taken from infected fish; Lane 3: Single
I.multifilis trophont from in vitro culture; Lane 4:
Mucus from infected fish; lane 5: Mucus from
uninfected fish (control); lane 6: Mucus from fish
recovered from ichthyophthiriasis. For comparison,
the PCR product obtained with purified genomic
DNA of T.corlissi is shown in Lane 7.

1 2 3 4 5 6 7

509 bp
352 bp
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of T. corlissi contaminations. The PCR proved
to be highly reliable provided primers specific
for the two ciliates were used in separate re-
actions. The test can be applied for all stages
of I. multifiliis as no differences between
theronts or trophonts either from fish or from
in vitro culture could be observed.

Consequently, this PCR-based method may
help to avoid contaminations with T. corlissi

in the future and may thus overcome one of
the major obstacles for in vitro cultivation of
I. multifiliis.
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