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Abstract The objectives of the present study were to
standardize a reproducible infection procedure with
Cryptocaryon irritans and to examine the effects of
infectious dose level on the immune protection in
Mozambique tilapia (Oreochromis mossambicus). This
study demonstrated that direct enumeration of trophonts
on the pectoral fin was useful to quantitatively assess
immune protection against C. irritans. The number of
trophonts on a pectoral fin was positively correlated with
infectious dose of live theronts. Fish immunized by direct
exposure under controlled laboratory conditions allowed
for in depth examination of the effects of the degree of
infectious dose on immune response. There was no
significant positive correlation between the initial infec-
tious dose and degree of immune responses. Mozambique
tilapia initiated a strong immune protection by direct
exposure with even a small number of parasites (e.g. 300

theronts per fish). Moreover, as the result of the protein
analysis, we identified 28 kD proteins that could be
responsible for the immobilizing antigen.

Introduction

Severe infection of marine fish by the ciliated protozoan
parasite, Cryptocaryon irritans, is a major problem in
commercial aquaculture in tropical and sub-tropical
regions because it causes high mortalities of fish and
leads to heavy economic loss (Rigos et al. 2001). Despite
the increasing incidence of outbreaks, current control
methods for cultured food fishes have been limited to
chemical treatments, fresh water dip, or transference of
those infected fish from the culture (Hirazawa et al. 2003).
However, these methods have several drawbacks for large-
scale commercial aquaculture so the development of
effective vaccines has been proposed as a means of
alternative control (Rigos et al. 2001).

Immobilization antigens (i-antigens) are important can-
didates for subunit vaccines against C. irritans. The i-
antigen is defined by the fact that specific antibodies
against this antigen interfere with movement of cilia and
cause immobilization of ciliated protozoan parasites (Lin et
al. 1996). Yoshinaga and Nakazoe (1997) demonstrated for
the first time that sera from immunized fish immobilized
live theronts in vitro. Serum and cutaneous mucus from
immunized fish contain immobilization antibodies (Yambot
and Song 2006; Luo 2007).

Standardizing quantitative measurements for evaluating
immune protection in fish is essential to determine the
efficacy of immunizations against C. irritans. Specific
antibody level, mortality, and infection level are used to
evaluate immune protection in host. Although the methods
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for measuring antibody level and mortality are already
established, measuring the infectious level is not standard-
ized yet. Since C. irritans is an ectoparasite, it is possible to
measure the infectious level numerically by counting
parasite burden on fish. When the infection level is
measured for evaluating immune protection, it is important
to outline a procedure for standardizing both the exposure
of fish to C. irritans and the subsequent parasite density on
the fish. In previous studies, successful attempts at
experimentally inducing Cryptocaryoniasis have been
reported but no one has validated experimental models
resulting in well-controlled and quantitatively reproducible
effects. Recent improvements in propagation methods for
C. irritans (Dan et al. 2006) have made it possible to
produce theront suspensions with nearly constant viability
and to complete direct exposures in fish using accurately
adjusted infectious doses.

In this study, measurement of the infectious level of C.
irritans was defined with Mozambique tilapia (Oreochromis
mossambicus) as a model species. There are several
advantages of using Mozambique tilapia for the study
related to C. irritans. First, raising Mozambique tilapia is
easy and inexpensive with high fecundity rates. The
Mozambique tilapia is one of the most euryhaline of teleost
fish, so fresh water reared naïve tilapia have great utility as
a negative control to study C. irritans infection. Moreover,
Mozambique tilapia is very susceptible to C. irritans
infection compared to other marine fish (Burgess and
Matthews 1995b).

There is also a lack of basic study that examines the
effects of the degree of infection on immune responses in
fish. Such studies that define the baseline of immune
responses are necessary to form a basis for evaluating the
immunity of fish against C. irritans. Moreover, those
fundamental studies are helpful when the efficacy of a
vaccine is evaluated after challenge experiments.

Materials and methods

Fish

All fish used in this study were kept in 60-L glass aquaria that
received continuous aeration and flow-through seawater
(120 L/h). Seawater was continuously pumped from
Kāne‘ohe Bay, filtered with 5 μm filters, and treated with
UV before use in aquaria. The water temperature was 27.5±
0.5°C, and the salinity of seawater was 34‰. Broodstocks of
Mozambique tilapia raised in fresh water were provided by
Dr. Gordon Grau at the Hawaii Institute of Marine Biology
(HIMB), University of Hawaii at Manoa. Tilapia broodstocks
were initially kept in fresh tap water in the SEA lab at HIMB
for 2 days and acclimated to seawater by gradually increasing

the salinity up to 34 ppt over a 2 week period. All fish were fed
approximately 2% of their body weight once daily with Silver
Cup Trout Chow (Nelson and Sons, Murray, UT). All
experimental fish used for the study were same age and bred
from the same parents. Hatched tilapia larvae (7 days old)
were separated from their parents into another aquarium and
reared in UV-treated seawater as described above to maintain a
C. irritans-free environment. All experiments were con-
ducted in accordance with the principles and procedures
approved by the Institutional Animal Care and Use
Committee, University of Hawaii at Manoa.

Parasite isolation

Laboratory cultures of C. irritans obtained initially from
Sergeant Major damselfish (Abudefduf abdominalis) from
Kāne‘ohe Bay were maintained in UV-treated seawater at
27.5±0.5°C in 60-L fish aquaria by serial passage to naïve
Mozambique tilapia. A naïve tilapia was added and
replaced twice a month for propagation of tomonts in the
aquarium. The health of the fish was observed daily and
any dead fish or fish with lesions were removed from tanks.
Protomonts were collected from heavily infected fish with a
1,000 μl micropipette using a stereo-microscope (American
Optical, Model 41) to visualize individual parasites. One
hundred protomonts were collected and washed four times
and placed in a well of 24-well culture plate with filtered
(0.2 μm pore-size filter) seawater and supplemented with
100 I.U. per ml penicillin G potassium and 100 μg per ml
streptomycin sulfate (Yoshinaga et al. 2007). After confir-
mation of encystment of the tomonts, cultures were
incubated at room temperature. Newly hatched theronts
from the culture were used for infection experiments,
immobilization assay, and future propagation of C. irritans
and the remaining parasites were stored in sterile
phosphate-buffered saline (PBS) at −80°C until processed.

Experimental design

A total of 210 tilapia (mean weight 30.1±9.3 g / length
12.3±1.4 cm) were used for this study. They were divided
into seven groups of 30 fish. There was no statistically
significant difference in weight and body length of fish
between groups. Blood was collected from the caudal vein
from fish anesthetized by 0.2 ppm of tricaine methanesul-
fonate (MS 222: Finquel, Redmond, WA). Blood samples
were drawn using a needle and syringe and allowed to clot
overnight at 4°C. Serum was obtained by centrifugation of
blood at 1,000×g for 10 min at 4°C. Serum samples from
each individual fish were distributed in aliquots of 20 μl in
200 μl microcentrifuge tubes and stored at −20°C for later
analysis. Seven days after the first blood collection, newly
hatched theronts with concentrations of 0 (0 K), 333
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(0.3 K), 3,333 (3.3 K), 10,000 (10 K), 20,000 (20 K),
30,000 (30 K), and 56,667 (57 K) theronts per fish were
transferred to each aquarium. This primary exposure was
run in duplicate (15 fish per tank). Two days after the initial
exposure, the number of infected trophonts on the left
pectoral fin was counted under an inverted microscope
(Olympus IX; Olympus Optical, Tokyo) in order to measure
the infection level for each fish. There were two major
reasons for using pectoral fins: (1) it could be regenerated
completely in a month, and (2) its transparency was ideal
for counting trophonts under the microscope. All fish were
transferred into clean tanks every 5 days to avoid accidental
reinfection by C. irritans. Blood was collected 21 days post
initial exposure and serum extracted and stored as described
above. Twenty eight days after the initial exposure, 15 fish
from each group were randomly selected, mixed with fish
from the other groups, placed into clean aquaria and
exposed to 10,000 (10 K) theronts per fish. The remaining
15 fish from each group were mixed in a clean tank but not
exposed to any C. irritans. Two days after the secondary
exposure, the number of infected trophonts on the right
pectoral fin of each fish was counted using an inverted
microscope. Blood was collected 49 days post initial
exposure and serum extracted and stored as described
above.

Immobilization assay

Each serum sample from individual fish was tested for
immobilizing activity against live theronts in vitro. Assays
were done as described by Clark et al. (1987) with
modifications. Serum was heat inactivated at 56°C for
30 min to inactivate complement. Serum samples from
individual fish were serially diluted with filtered seawater
and 20 μl from each dilution were added into each well of a
96-well plate (Corning Costar, Corning, NY) containing
100 μl of theront suspension (approximately 200 theronts
per well) in filtered seawater. After 30 min incubation at
room temperature, the number of immobilized theronts was
counted using the inverted microscope (Olympus IX;
Olympus Optical, Tokyo) to find the percentage of the
parasites that were no longer motile. The immobilization
titre was defined as the reciprocal value of the dilution at
which 95% of the parasites were no longer motile.

SDS-PAGE and Western blot analysis

Serum from immunized fish directly exposed to live
theronts twice was analyzed by Western blot analysis for
reactivity against any antigenic proteins in the homogenates
of C. irritans theronts. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was per-
formed as described by Laemmli (1970). Briefly, sonicated

theront proteins (0.5 μg per lane measured using the BCA
protein assay) were resolved on 10% SDS-PAGE gels under
non-reducing conditions and transferred to a polyvinylidene
difluoride (PVDF) membrane using a Mini-Protean three
transblot apparatus (BioRad, California, USA). Precision
Plus protein standards (Bio-Rad) were used as molecular
weight markers. Protein loading was confirmed in a
duplicated gel visualized with silver stain (Wray et al.
1981). The PVDF membranes were blocked with Tween-
PBS containing 1% (w/v) BSA overnight at 4°C or for 1 h
at room temperature with mixing on an orbital shaker. The
membranes were washed 3× with Tween-PBS. Three
appropriate hyperimmune fish sera were pooled together
and used to probe the Western blot. Pooled serum from 3
naïve fish that had never been exposed to C. irritans was
used as the negative control. Pooled fish serum samples
(diluted 1/75 in PBS), rabbit anti-tilapia IgM antibody
(1:3,000 in PBS; Takemura 1993), and goat anti-rabbit IgG
horseradish peroxidase conjugate (1:5,000 in PBS; Jackson
Immuno Research Laboratories, West Grove, PA) were
applied in sequential order to the PVDF membranes and
incubated for 1 h at room temperature. Immunoreactive
bands were visualized with West Dura chemiluminescent
substrate (Pierce, Rockford, IL).

Twenty eight kD antigen protein isolation

Theront proteins homogenized by an ultrasonic sonicator
were size fractionated on a 10% SDS gel and the 28 kD
protein band visualized using a reversible zinc stain kit
(Bio-Rad). The band excised from the gel was destained
using 25 mM Tris containing 192 mM glycine. The 28 kD
protein was recovered from the SDS band using a
Centrilutor Micro-Electroeluter (Millipore, MA) at 200 V
for 2 h according to the manufacturer“s instructions. Eluted
protein was ultrafiltered by the Centricon-10 cartridge
(Millipore) at 3,000×g for 2 h at 4°C. PBS was added to
dilute the concentrated protein and the resuspended sample
was dialyzed to remove SDS and other impurities for 2 h at
4°C. Purity of the 28 kD protein was confirmed in a gel
stained with silver stain.

Enzyme-linked immunosorbent assay (ELISA)

ELISA was conducted to measure the level of specific
antibodies in the serum against the purified 28 kD C.
irritans antigen protein. The 28 kD protein was diluted to
5 μg/ml in carbonate coating buffer (0.05 M Na2CO3 and
0.05 M NaHCO3, pH 9.6), and 50 μl of the homogenate
was added into each well of a 96-well ELISA plate
(Corning Costar, Corning, NY) and incubated overnight at
4°C. All subsequent steps were performed at room
temperature. Wells were washed 3× with low salt wash
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buffer (20 mM Tris, pH 7.3; 380 mM NaCl; 0.05% Tween
20). Non-specific binding sites were blocked with PBS
(250 μl/well) containing 1% (w/v) bovine serum albumin
(BSA) for 2 h. After three washes with low salt wash buffer,
diluted fish serum (1:500) in PBS were added to the plate at
50 μl/well and incubated for 3 h. PBS alone in the well
served as the negative control. The plate was washed 5×
with high salt wash buffer (20 mM Tris, pH 7.3; 500 mM
NaCl; 0.1% Tween 20). At sequential 1 h intervals, wells
were incubated with a rabbit anti-tilapia IgM (1:2,500 in
PBS) at 50 μl/well and commercial goat anti-rabbit IgG
horseradish peroxidase conjugate (1:2,500 in PBS) at 50 μl/
well. Between additions of each new reagent, the ELISA
plate was washed 5× with high salt wash buffer. Finally,
50 μl of 2,2′-azino-bis 3-ethylbenzthiazoline-6-sulfonic
acid (ABTS) peroxidase substrate (KPL, Gaithersburg,
MD) was added to each well to allow for chromogenic
development. After 20 min, the absorbance at 405 nm was
read using a microplate reader (Molecular Devices Co.,
Sunnyvale, CA). In this study, ELISA results were reported
as optical density (OD) values of given optimal dilutions of
serum and mucus due to the large number of samples.
Optimal dilutions of serum and mucus were determined by
the preliminary ELISA with serial dilutions (twofold) of
samples collected from naïve and hyperimmune fish. The
optimal dilutions allowed for maximum OD for positive
controls with minimal background reading in negative
controls.

Statistical analysis

Data are expressed as mean±S.E.M. (standard error of
mean). Parametric statistical tests (the Student's t-test and
ANOVA) or non-parametric statistical tests (the Mann–
Whitney U-test and the Kruskal–Wallace test) were used for
statistical comparisons of data. Either Student–Newman–
Keuls multiple range test or Dunn's test was used to
determine which treatments were differed significantly from
others. Statistical analyses were performed using Sigma
Plot 11 software (Systat Software Inc., San Jose, CA).
Measurements were considered significant when P values
of both parametric and non-parametric tests were <0.05.

Results

Effect of exposure dose on parasite burden

To examine the relationship between the exposure doses
and infectious levels, fish were directly exposed with
different doses of live theronts. The infectious level was
measured for each group by counting the number of
trophonts on a pectoral fin (Fig. 1). Fish exposed to higher

concentrations of theronts were burdened with more
trophonts. The number of trophonts on a pectoral fin was
dose dependent following the primary exposures (Fig. 1c).
Fish without C. irritans exposure (0 K) developed no signs
of disease and had no mortality (data not shown). All
experimentally exposed fish were colonized by trophonts,
excluding 50% of fish (15 fish) in the infection group
that were dosed of 0.3 K theronts per fish, which did not
show any sign of trophont infection on a pectoral fin.
Two fish in the infection group at a dose of 57 K
theronts per fish died 4 days after the primary exposure.
There was a clear infective dose effect, which was
significant overall (Student–Newman–Keuls test, P<
0.05). Indeed, each group was significantly different from
the others (Student–Newman–Keuls test, P<0.05). There
was no significant difference between the exposure results
of the two replicates (Mann–Whitney U-test, P>0.05).

Immobilization assay after the primary exposure

Immobilization assays were conducted to examine the
immune response of fish following the exposure with
different doses of theronts (Fig. 2). All individual sera
from immune fish exposed to any doses of parasite showed
immobilization activity against live theronts in vitro. Serum
from naive fish that were never exposed to the parasite did
not immobilize live theronts at all (data not shown).
Statistical analysis did not reveal any significant differ-
ences in the immobilization titres between groups
(Dunn's test, P>0.05) except the group exposed to the
lowest infectious dose (0.3 K) (Dunn's test, P<0.05).
Although the immobilization titre of the medium-dose
(10 K) group looked higher, the difference was not
statistically significant from others (Dunn's test, P>0.05).
The lowest immobilization titre occurred at the lowest
infectious dose (0.3 K). There was a significant difference in
immobilization titre between two replicates of all groups
(Mann–Whitney U-test, P<0.05) except the highest dose
group (57 K) (Mann–Whitney U-test, P>0.05).

Western blotting analysis and 28 kD protein purification

SDS-PAGE and Western blotting analyses were conducted
to determine if antiserum from immunized fish would
detect any immunoreactive proteins in theronts. Pooled
serum from hyperimmune fish following the secondary
exposure with live theronts were used to probe Western
blots of whole proteins of theronts. As shown by Western
blot analyses (Fig. 3a), the antiserum antibodies recognized
one specific band (approximately 28 kD). No signals were
detected when the proteins were probed with pooled serum
from naïve fish (data not shown). Following silver staining,
a protein profile for total theront proteins revealed a
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Fig. 1 Comparison of the
number of trophont on a
pectoral fin 2 days after the
primary exposure at different
infectious dose of live theronts.
a A pectoral fin clipped from
tilapia which was exposed to
3 K theronts per fish. b A
pectoral fin clipped from tilapia
which was exposed to 57 K
theronts per fish (scale
bar=400 μm). c The number of
trophont is the mean (S.E.M.)
for each experimental group
(n=30). Mean values followed
by the different superscript
letters are statistically different
(Student–Newman–Keuls test,
P>0.05)

Fig. 2 Immobilization titres following the primary exposure at
different infectious doses of theronts. Antisera were collected 21 days
after the primary exposure. Immobilization titre was the inverse of the
highest dilution in which 95% of theronts were immobilized in vitro.
The values (n=28–30) are mean (±SEM) for each experimental group.
Columns that have the same superscripts are not significantly different
(Dunn's test, P>0.05)
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Fig. 3 a Western blot probed with pooled sera from immunized
fish following the secondary direct exposure with C. irritans
theronts. Lane 1: molecular weight standards; lane 2: sonicated total
proteins of C. irritans theronts. b Silver stained SDS–PAGE. Lane 1:
molecular weight standards; lane 2: sonicated total proteins of C.
irritans theronts; lane 3: Isolated 28 kD protein using the Centrilutor
Micro-Electroeluter
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heterogeneous mixture of molecular weight proteins with
three prominent protein bands (Fig. 3b; lane 1). The
molecular weight of the one of the three prominent bands
was approximately 28 kD. Molecular weights of other two
bands could not be measured because those were out of
measurable range (between 10 and 250 kD) of the protein
molecular weight standard. The 28 kD band was excised
from another SDS-PAGE gel following zinc staining and
recovered from the gel using the Centrilutor Micro-
Electroeluter. The eluted 28 kD protein was verified after
the purification by the silver staining under non-reducing
conditions (Fig. 3b; lane 2).

Specific antibody responses against 28 kD protein
after the primary exposure

ELISA was carried out to measure the level of specific
antibodies against the purified 28 kD protein before and
after the primary exposure with different doses of C.
irritans theronts. The level of specific antibodies increased
significantly 21 days after the primary exposure at each
infective dose compared to levels before the exposure
(Mann-Whitney U-test, P<0.05; Fig. 4). There was no
statistically significant difference in the ELISA value
between groups prior to the primary exposure (Dunn's test,
P>0.05). However, the ELISA value after primary exposure
peaked at the dose of 10 K theronts per fish and decreased
significantly with increasing the number of infectious dose
(Dunn's test, P>0.05). There was no significant difference
in ELISA value before the exposure between groups of the

two replicates (Mann-Whitney U-test, P>0.05). There were
significant differences in ELISA value after the primary
exposure between groups of the two replicates (Mann-
Whitney U-test, P<0.05) except with the highest dose
group (57 K) (Mann-Whitney U-test, P>0.05).

Effect of the secondary exposure on parasite burden

Fish were re-exposed to parasites (10 K theronts per fish for all
groups) 28 days after the primary exposure in order to examine
the effect of infective doses on the immune protection. When
fish were primarily exposed to and recovered from C. irritans
infection, these immunized fish developed complete protec-
tion against the secondary exposure irrespective of initial
parasite dose (Table 1; group 2–7). However, 0.9±0.2
trophonts per pectoral fin were detected from fish that
primarily received the lowest dose (0.3 K) although the
number of trophont was much lower than the primary number
of trophont (24.83±1.79 trophonts per a pectoral fin) at a dose
of 10 K theronts per fish. No parasites were found in fish
without the secondary exposure (Table 1; group 8 through 14).

Immobilization assay after the secondary exposure

Immobilization assay was conducted to examine the immune
response after the secondary exposure (Fig. 6). The immobi-
lization titres of antisera after the secondary exposure (Table 1;
group 2–7) were significantly higher than those of antisera
from fish without the secondary exposure (group 1 and 8–13)
(Mann-Whitney U-test, P<0.05). There was no statistically
significant difference in the immobilization titre between
groups that did not undergo the secondary exposure (group
8–13) (Dunn's test, P>0.05) except at the highest dose of
exposure (group 14) (Dunn's test, P<0.05). The immobiliza-
tion titre in fish with the secondary exposure peaked at dose
of 10 K theronts per fish and decreased significantly with
increasing the number of infectious dose (Student–Newman–
Keuls test, P<0.05). There was no replication for this assay.

Specific antibody responses against 28 kD protein
after the secondary exposure

ELISA was carried out to measure the level of specific
antibodies against the purified 28 kD protein after the
secondary exposure. The level of specific antibodies in fish
(Table 1; group 2–7) that underwent the secondary exposure
was always significantly higher than that in fish (group 9–
14) that did not undergo the secondary exposure at each
infective dose (Mann-Whitney U-test, P<0.05). The level
of specific antibodies in fish (group 2–7) that underwent the
secondary exposure decreased with increasing the number
of infectious dose (Dunn's test, P<0.05). There was no
replication for this assay.

Fig. 4 Specific antibody response against the purified 28 kD
antigenic protein before and after the primary exposure at different
infectious doses of theronts. Antisera were collected 21 days after the
primary exposure. ELISA results were reported as OD values of given
optimal dilutions of serum (1:500). The values (n=28–30) are mean
(±SEM) for each experimental group. Significant differences between
before and after exposure are denoted * (P<0.05, Mann-Whitney U-
test). Columns that have the same superscripts are not significantly
different (Student–Newman–Keuls test or Dunn's test, P>0.05)
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Discussion

This study demonstrated that examination of the
pectoral fin is a useful method for direct enumeration
of the prevalence of trophonts on an infected fish.
Previous studies (Burgess and Matthews 1995a; Yambot
and Song 2006) counted the numbers of protomonts or
tomonts to quantify degree of infection. Such approaches,
however, should be used with caution because there is
variability in timing of trophonts exiting from the host
(3±7 days after attachment) (Colorni 1985; Colorni and
Diamant 1993). Moreover, we observed that fish were
eating protrophonts or tomonts, so there is a possibility of
losing protomonts or tomonts before measuring the
infectious level. Therefore, in this study, we attempted to
count the number of trophonts on a pectoral fin 2 days
after exposures. Some studies cautioned that such an
approach was difficult to be used because trophonts of
both C. irritans and I. multifiliis often exist in aggregates
(Ewing et al. 1988; Burgess and Matthews 1995a).
However, in our study, even when aggregated trophonts
existed, they were easily identified and counted under the
microscope. In the case of I. multifiliis, Clayton and Price
(1988) also attempted to quantify parasite intensity on the
basis of the numbers of white spots visible on fish body
and found a significant linear relationship between
infection and response. Houghton and Matthews (1986)
indicated that the average density of infected I. multifiliis
differs on different parts of the host and found more
trophonts on the periphery of the fins. The high density of
trophonts on fins may be related to impaired immune
responses at the sites of reduced blood flow (Burgess and
Matthews 1995a).

Doses received by tilapia in the current experimental
exposures to C. irritans were almost equivalent to those in a
prior study using grouper (Epinephelus coioides; 20±2 g in
weight and 10–12 cm in length) by Luo et al. (2007).
However, our infectious dose level resulted in significant
host mortalities in previous studies using juvenile mullet
(Chelon labrosus; average weight 4 g) conducted by Burgess
and Matthews (1995a, b). The reason the lethal doses
differed between those studies is not clear. One possible
explanation is that the smaller fish size could simply increase
the parasite density, and another reason is that the variation
in susceptibility to C. irritans could be species dependent.

There was a need to address which life stage of C.
irritans would be best used for exposure to standardize
challenge method. Previous studies used tomonts (Yambot
and Song 2006) or theronts (Luo et al. 2007; Bai et al.
2008) for challenge exposures. However, in the case of
using tomonts, since each tomont has variable excystment
time, occurring between 3 and 72 days (Colorni and
Burgess 1997), experimental fish must be maintained under
continual exposure to C. irritans until all tomonts excyst.
The possibility could not initially be ruled out that immune
protection would be established in the fish under the
challenge exposure with tomonts. Using theronts for the
challenge exposure is more accurate and reliable for
assessing of the immune protection against C. irritans.

In this study, we examined effects of initial infectious
doses on immune responses in tilapia infected with C.
irritans. The direct exposure induced immobilization
activities and specific antibody responses against C. irritans
in fish at all infective doses between 0.3 and 57 K theronts
per fish. The parasite burdens 2 days post second exposure
were significantly lower than 2 days post primary exposure.

Group n Primary infection Secondary infection

Dose (theronts per fish) Dose (theronts per fish) Number of trophonts Mean±SEM

1 15 0 10,000 28.4±9.22

2 15 300 10,000 0.9±0.2

3 15 3,000 10,000 0

4 15 10,000 10,000 0

5 15 20,000 10,000 0

6 15 30,000 10,000 0

7 15 57,000 10,000 0

8 15 0 0 0

9 15 300 0 0

10 15 3,000 0 0

11 15 10,000 0 0

12 15 20,000 0 0

13 15 30,000 0 0

14 13 57,000 0 0

Table 1 The mean number
(± S.E.M.) of trophont on a
pectoral fin 4 weeks after the
primary exposure at different
infectious doses of live theronts.
Fish in group 1 through 7 were
re-exposed to live theronts
(10 K theronts per fish). Fish in
group 8 through 14 were not
exposed to any theronts after the
primary exposure

Parasitol Res (2012) 110:363–372 369



These differences in parasite burden between first and
second exposure must be due to acquired immunity in fish.
The protective immunity was developed regardless of dose
of original exposure between 0.3 and 57 K theronts per
fish.

Duration of immunological memory seemed not to be
dependent on infectious doses with the primary exposure.
High levels of immobilization activity and specific anti-
bodies against the 28 kD antigen were produced 21 days
after initial exposure at all dose levels. However, the
apparent decreases in immobilization titres and the specific
antibody levels were observed in fish that were not re-
exposed to C. irritans for 49 days after the initial exposure
(Fig. 7). The decline in immobilization titres and the
specific antibody level in those fish probably resulted from
a loss of antigenic stimulus. Very similar results were
obtained by Luo et al. (2007) using grouper (Epinephelus
coioides).

One of the most interesting findings in the present study
was that there was no significant positive correlation
between the initial infectious dose and immune responses
after the primary exposure. Previous similar studies
demonstrated that the level of antibody production and the
degree of protection were a positive relationship with
immunization dose. Burgess and Matthews (1995a)
reported that the degree of protection against C. irritans
depended upon the levels of infection established, as
assessed from the mean and range of numbers of the
trophonts released. Yambot and Song (2006) found that the
antibody titres increased with an increase in the number of
parasite used in the exposure. However, present study
(Fig. 2) showed that there was no significant difference in
immobilization titre at infective doses between 3 and 57 K
theronts per fish. That is, immobilization activity already
reached a threshold at low level of infectious dose between
0.3 and 3 K and was not further activated by higher dose of
theronts.

On the other hand, the ELISA value of specific anti-
bodies against the 28 kD antigen reached a peak in the
medium dose group (10 K) and decreased with increasing
initial doses (Fig. 4). Moreover, a negative correlation was
found between primary infectious dose and the ELISA
value after the secondary exposure (Fig. 5). These ELISA
results indicate that infection with high numbers of C.
irritans changes characteristics of immune responses in
fish. One possibility to explain these results is that stress
responses induced by heavy infection may modulate
immune functions including antibody production and the
memory performance in fish. Normally, the stress response
of the fish is assessed by measuring plasma cortisol level
because the stress response is characterized by activation of
the hypothalamus-pituitary-interrenal (HPI) axis (Wendelaar-
Bonga 1997). Although the plasma cortisol level was not

measured in this study, we observed that heavily infected
tilapia had darker skin color compared to healthy and
tranquil fish which had pale silver skin color. Since dark
skin pigmentation reflect a stressed state with higher plasma
cortisol levels (Gilham and Baker 1985; Hoglund et al. 2000;
Ruane et al. 2005), our observation suggests that heavily
infected fish by C. irritans may be under stressed conditions.
Poole et al. (2000) and Rauane et al. (2000) also

Fig. 5 Immobilization titres in fish with or without the secondary
exposure (10 K theronts per fish) at different primary infectious doses.
Immobilization titre was the inverse of the highest dilution in which
95% of theronts were immobilized in vitro. The values (n=13–15) are
mean (±SEM) for each experimental group. Significant differences
between non-boosted fish and boosted fish are denoted * (P<0.05,
Mann-Whitney U-test). Columns that have the same superscripts are
not significantly different (Dunn's test, P>0.05)

Fig. 6 Specific antibody response against the purified 28 kD
antigenic protein following the secondary exposure at different
infectious doses of theronts. ELISA results were reported as OD
values of given optimal dilutions of serum (1:500). The values (n=13–
15) are mean (±SEM) for each experimental group. Significant
differences between non-boosted fish and boosted fish are denoted *
(P<0.05, Mann-Whitney U-test). Columns that have the same super-
scripts are not significantly different (Student–Newman–Keuls test or
Dunn's test, P>0.05)
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demonstrated that prolonged infection by a large number of
the sea lice (Lepeophtheirus salmonis) led to chronic stress
in salmonid fish. Moreover, Bowers et al. (2000) indicated
an association between heavy infection of sea lice and a
significant increase in cortisol and glucose level in fish.
Although the complete mechanisms of the immune suppres-
sion induced by cortisol are poorly understood (Varsamos et
al. 2006), many studies report direct effects of cortisol on
adaptive immunity in fish, such as induction of apoptosis in
B-cells (especially plasma B-cells) (Weyts et al. 1998; Weyts
et al. 1999) and suppression of lymphocyte proliferation
(Espelid et al. 1996). Those direct effects of cortisol on
lymphocytes could lead to suppression of plasma IgM levels
in fish (Carlson et al. 1993; Nagae et al. 1994; Iguchi et al.
2003; Varsamos et al. 2006). Several studies reported that
cortisol administration caused susceptibility of fish to
infectious diseases (Wiik et al. 1989; Houghton and
Matthews 1990). However, it is still controversial whether
parasites act as a stressor and whether their abundance is
correlated to levels of cortisol. Some studies reported that
parasites do not generate typical stress responses (Laidley et
al. 1988; Grutter and Pankhurst 2000). Further study is
needed to elucidate the mechanism of the immune suppres-
sion mediated via heavy infection with ectoparasites such as
C. irritans.

The present study demonstrated that serum isolated from
tilapia immunized by direct exposure immobilized the live
theronts irrespective of initial infectious dose. The immo-
bilization titres were significantly boosted after the second-
ary exposure in all groups. These results suggest that levels
of i-antigen specific antibody were significantly increased
following the secondary exposure because the i-antigen
specific antibody interferes with movement of cilia and
causes immobilization of C. irritans (Hatanaka et al. 2007).

However, Fig. 6 showed contradictory results. The level
of specific antibodies did not increase in a similar manner
as the immobilization titres post secondary infection except
in the 0.3 K exposed group, compared between Figs. 4 and
6. Sigh and Buchmann (2001) also reported similar results
that immobilization activity and the level of specific
antibody (detected by ELISA) were not clearly correlated.
That is, unlike immobilization titre, the specific antibody
response was not boosted in fish post secondary exposure.
Thus, our results suggest that the potential involvement of
innate immunity in the immobilization activities should also
be considered, even when the serum was heat-inactivated.
Colorni et al. (2008) reported that piscidin three, an
antimicrobial polypeptide, isolated from mast cells of
hybrid striped bass was involved in immobilization
responses and lethal to C. irritans theronts. It is not yet
clear if other humoral factors such as complement,
antimicrobial polypeptides, lysozyme, and lectins were
boosted after the secondary exposure and resulted in higher

immobilization titre compared to those post primary exposure.
Further studies are necessary to describe the mechanism of
immobilization mediated by innate immunity.

SDS-PAGE and Western blotting analysis were con-
ducted to identify proteins that were responsible for the i-
antigen. Hatanaka et al. (2007) identified a predominant
32 kD polypeptide on the surface of the cilia of theronts as
an i-antigen designated as G32. In subsequent studies, fish
antiserum against 37 kD i-antigen purified from another C.
irritans isolate was found not to immobilize G32 theronts,
indicating that multiple i-antigen serotypes exist among C.
irritans isolates (Hatanaka et al. 2008). Similarly, our
results indicated that it was highly likely that the 28 kD
protein was the i-antigen of C. irritans. Although our i-
antigen was smaller in size compared to the 32 or 37 kD i-
antigens of other C. irritans isolates, our finding has
implications for the existence of the different serotype in
Hawaii.

In conclusion, counting parasites on the pectoral fin is a
useful method for direct enumeration of the prevalence of
C. irritans on infected fish. One of the major findings in
this study was that immunized fish showed a strong
immune protection by direct exposure with even a small
number of parasites. There was no significant positive
correlation between the initial infectious dose and degree of
immune responses. Moreover, we identified 28 kD protein
that could be responsible for the immobilizing antigen.
Although further study is needed to confirm that the 28 kD
protein is, in fact, an i-antigen, there is the possibility of
existence of different serotypes in Hawaii. Since an
effective vaccine must provide cross-protection against all
C. irritans, if there are several serotypes in C. irritans, the
identification of antigenic proteins that are common in all
serotypes is needed for future vaccine development.
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