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ABSTRACT: Calcein marking and cohabitation challenges have not been investigated in fish parasite research. This study evaluated a cohabitation challenge method in immunization trials against
Ichthyophthirius multifiliis (Ich) using calcein, a fluorescent dye, to mark channel catfish Ictalurus
punctatus (Rafinesque). Fish were marked by calcein immersion at 0, 500, and 1500 mg l–1, and then
challenged with 15 000 theronts fish–1. No difference was noted in fish infection levels, mortality, and
mean days to death (MDD) caused by Ich between unmarked and marked fish or between fish
marked with high (1500 mg l–1) and low (500 mg l–1) concentrations of calcein. After ensuring that calcein marking had no effect on the susceptibility of fish to Ich theronts, 2 immunization trials were conducted to evaluate the cohabitation challenge model using calcein-marked catfish. Fish mortality, relative percent survival (RPS), and MDD were compared between cohabitation-challenged fish and
fish challenged by non-cohabitation. No significant difference was observed in RPS for cohabitationchallenged fish and fish challenged by non-cohabitation. A cohabitation challenge can be used as an
alternative challenge method in parasite studies, since it closely mimics natural exposure.
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Epizootics of ichthyophthiriasis or ‘white spot’ have
been reported in various freshwater fishes worldwide
and cause heavy losses in aquaculture (Paperna 1972,
Buchmann et al. 1995, Traxler et al. 1998). This disease
is caused by a ciliated protozoan, Ichthyophthirius
multifiliis (Fouquet, 1876), commonly referred to as
Ich. I. multifiliis has 3 developmental stages: a reproductive tomont, an infective theront, and a parasitic
trophont (Hines & Spira 1974, Nigrelli et al. 1976).
Control of ichthyophthiriasis by using chemicals
approved for food fish is not effective after the Ich
penetrates fish skin and gills (Tieman & Goodwin
2001). Chemical treatments are also costly and cause
public concerns about food and environmental safety.
Immunization against the parasite is an alternative to
chemical treatments, since fish immunized with Ich

acquire protective immunity against re-infection by
the parasite (Hines & Spira 1974, Wahli & Meier 1985,
Houghton & Matthews 1990, Clark et al. 1996, Dickerson & Clark 1998, Sigh & Buchmann 2001, Wang &
Dickerson 2002).
One common challenge method used in immunization studies for Ich is exposure of fish to known
amounts of infective theronts for a certain length of
time (Dickerson et al. 1981, Lin et al. 1996, Dalgaard et
al. 2002, Xu et al. 2004). This method can easily manage the number of theronts used and exposure duration, thereby providing acceptable challenge results.
Fish can also be challenged by contact with Ichinfected fish (Goven et al. 1980, Wolf & Markiw 1982).
An infected fish showing visible trophonts is placed
with naïve fish as the theront source. Because there is
a great variation in the number of trophonts on the
infected fish and the number of infective theronts
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released into the water, the infection level is not easy
to control for the challenged naïve fish. Another challenge method is to expose fish to a known number of
tomonts (Areerat 1974). However, the variable number
of theronts released from each tomont makes it difficult to manage the infection level on challenged fish
when using tomonts as the infection source.
Cohabitation challenges have been used in studies
for evaluating protective immunity of vaccinated fish
against bacteria (Erdal & Reitan 1992, Klesius et al.
2006) and viruses (Raynard et al. 2001). In a recent
study, sham-vaccinated Nile tilapia marked with calcein were cohabited with vaccinated tilapia and then
challenged to evaluate the efficacy of vaccination
(Klesius et al. 2006). In their model, the vaccinated and
control fish were cohabited throughout the entire evaluation period by using a non-invasive calcein marking
technique.
Most studies that evaluated immune protection
against Ich were conducted using immunized and nonimmunized fish challenged in separate tanks (Burkart
et al. 1990, Lin et al. 1996, He et al. 1997, Dalgaard et
al. 2002, Xu et al. 2004). Alternately, cohabitation is
considered one of the best models for evaluating protective immunity, since immunized and non-immunized fish are held in the same rearing unit (Nordmo
1997, Klesius et al. 2006), thereby decreasing the
chance for variation between experimental units, such
as the number of infective pathogens, exposure time,
temperature, water quality, volume of flowing water,
and amount of feed provided. Immune and nonimmune fish can be differentiated in the same tank by
marking. There are several techniques available for
marking fish, including fin clips, percutaneous tags,
visible implant tags, coded wire tags and a fluorescent
chromophore, calcein (Klesius et al. 2006). Tilapia
immersed in 500 mg l–1 calcein solution for 4 h bore
detectable fluorescent marking for longer than 45 d
without undue stress or mortality (Klesius et al. 2006).
Calcein marking and cohabitation challenges have not
been investigated for fish parasite research. In the present study, we evaluated a cohabitation challenge
method against Ich in immunization trials using calcein-marked channel catfish.

MATERIALS AND METHODS
Fish and parasite. Channel catfish Ictalurus punctatus (Rafinesque) were reared at the USDA Aquatic
Animal Health Research Laboratory, Auburn, Alabama, USA. These fish (11.8 ± 0.7 cm in length, 10.5 ±
1.4 g in weight; mean ± SD) were acclimated in 57 l
aquaria supplied with flowing dechlorinated water at
approximately 0.5 l min–1 for 1 wk prior to trials. Water

temperature ranged from 22 to 24°C during the trial
period, and aeration was supplied by air stones. A
light:dark period of 12:12 h was maintained at the
experimental facility.
Ichthyophthirius multifiliis was isolated from an
infected channel catfish from a fish pond in Alabama
and maintained by continuous serial passages through
channel catfish as previously described (Xu & Klesius
2003). To prepare infective theronts for challenge trials, catfish infected with maturing trophonts (5 to 6 d
after infection) were rinsed in tank water, and the skin
was gently scraped to dislodge the parasites. Isolated
trophonts were placed in a tank with water and incubated at 22 to 24°C. Theronts were enumerated in five
1 ml samples of theront solution with the aid of a
Sedgewick-Rafter counting cell (Graticules).
Immunized fish. Infective theronts were added to
aquaria containing 30 channel catfish each at a rate of
15 000 theronts fish–1 for 1 h. Catfish not exposed to Ich
theronts served as non-immune control fish. When fish
showed visible trophonts 4 to 5 d post-infection, the
aquaria with infected fish were treated with formalin
at a concentration of 100 mg l–1 (equivalent to 37 mg l–1
formaldehyde) for 1 h to kill theronts and prevent reinfection. The fish were treated daily for 5 d until no
white spots were seen on gills and skin of the fish. The
fish were then kept in the aquaria for 3 wk to allow
protective immunity to develop.
Calcein-marked fish in challenge trials. Calcein
(C30H26N2O13, Sigma Chemical) was dissolved in water
at a concentration of 500 mg l–1. A total of 80 and 120
non-immune catfish were calcein-marked (CM) in
challenge Trial I and Trial II, respectively. Forty catfish
were immersed in 10 l calcein solution in a 19 l bucket
for 4 h with aeration, rinsed 5 times with fresh rearing
water, and transferred to an aquarium with flowthrough water for 24 h to remove any excess calcein.
Eighty immune catfish (40 fish per bucket) were
immersed in water without addition of calcein (nonmarked, NM) in each challenge trial. The fish were
then distributed into aquaria for experiments.
Detection of calcein mark. To inspect calcein fluorescent marks on fish, fish surviving the challenge
were anesthetized with 100 mg l–1 tricaine methanesulfonate (MS-222, Argent Chemical Laboratories).
Dead or anesthetized fish were placed in 150 ×
25 mm Petri dishes (Corning) and viewed under a fluorescence inverted microscope (Olympus American).
Calcified skeletal structures in fins of calcein-marked
fish showed intense fluorescence. The fluorescent
marks on fish were also detected in the dark in the
fish facility using either a Model ML-49 portable UV
light or a plug-in mineral lamp Model UVGL-58
(Ultra-violet Products) as described by Klesius et al.
(2006).
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Effect of calcein marking on the susceptibility of Ich
theronts. To determine the effect of CM on the susceptibility of channel catfish to Ich theronts, 40 fish were
put in each of four 19 l buckets containing 10 l water
and aeration. Calcein was added to 3 buckets to make
marking solutions of 500 and 1500 mg l–1 (2 buckets),
respectively. A bucket without calcein (0 mg l–1) served
as an NM control. Fish in each bucket were immersed
in calcein solution for 4 h, rinsed, and distributed
between two 57 l aquaria with 20 fish per aquarium.
Fish marked with 1500 mg l–1 from 1 bucket were
placed in 2 CM aquaria to serve as non-challenged
controls. Fish in the remaining 6 tanks were challenged with 15 000 theronts fish–1 for 1 h. When fish
showed visible trophonts 5 d after the challenge, infection levels for 5 fish in each aquarium were determined
as described by Xu et al. (2004). The number of
trophonts on the fish skin and fins was counted, and
the infection level was assessed by respectively assigning scores of 0, 1, 2, and 3 to fish that showed no infection, < 50, 50–100, and >100 trophonts fish–1. Cumulative mortality of fish in each aquarium was recorded
daily for 21 d after theront challenge.
Parasite loads in skin and gills of fish using different
challenge methods. Nine 57 l aquaria were used to monitor and compare parasite loads in skin and gills of fish
post-challenge using 2 infection methods. Three
aquaria were used for cohabitation, each containing 15
immune catfish without calcein marking (NM-immune)
and 15 non-immune control fish with calcein marking
(CM-control). In addition, each of 6 aquaria was stocked
with either 30 NM-immune fish or 30 CM-control (3
aquaria per treatment). Prior to theront challenge, water
in all aquaria was lowered to 10 l. Theronts were added
to each aquarium at 30 000 theronts fish–1. Fish were
exposed to theronts for 1 h and then flowing water was
provided to each aquarium at approximately 0.5 l min–1.
Two fish were sampled from each group in each aquarium daily for 7 d. For skin parasite load, 2 wet mount
slides were prepared per fish by scraping mucus and
skin from a 2 × 4 cm2 area of lateral body surface (1 slide
per fish side). The number of parasites in skin samples
was determined by scanning the entire wet mount from
left to right and from top to bottom. Parasite loads were
expressed as the number of parasites per skin sample.
One gill filament sample (5 × 5 mm) was cut from the
opercular cavity on both sides of each fish (2 samples per
fish). Gill samples were observed under a microscope,
and the numbers of trophonts per sample were counted
by randomly viewing 2 areas of 19.6 mm2 at 40× magnification (optical 10× and objective 4×). Trophont loads in
fish gills were expressed as the number of parasites per
viewing area.
Challenge trials. Two trials were conducted to evaluate a cohabitation challenge method using calcein-
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marked channel catfish. In Trial I, 10 NM-immune and
10 CM-control fish were placed together in 1 of four
57 l aquaria for cohabitation infection. In addition, 4
aquaria were stocked with 20 NM-immune or 20 CMcontrol fish per aquarium (2 aquaria per treatment).
Prior to Ich challenge, water flow was halted, and
water volume was lowered to 10 l in all aquaria.
Theronts were added to each aquarium at a concentration of 15 000 theronts fish–1. Trial II was a repeated
experiment of Trial I, and 8 tanks were set up as in
Trial I. Forty CM-control catfish that were not challenged with theronts (non-challenge) were placed in 2
additional aquaria (20 fish per aquarium) in Trial II.
Theronts were added to water in each aquarium at a
concentration of 30 000 theronts fish–1 except in nonchallenge control aquaria. Fish were exposed to
theronts for 1 h, after which water flow in the aquaria
was resumed at approximately 0.5 l min–1. Fish mortality was monitored following the challenge for 21 d in
both trials. Dead and surviving fish were inspected for
calcein marks as previously described. Relative percent survival (RPS), defined as (1 – % mortality of vaccinated fish/% control mortality) × 100 (Nordmo 1997),
was used to compare fish survival between the 2
challenge methods.
Statistical analysis. All data analysis was performed
with SAS software (SAS Institute 1989). Effects of calcein on the susceptibility of fish to Ich theronts, fish
mortality, and infection levels were analyzed with
Duncan multiple range tests. Relative percent survivals
between fish in the cohabitation and non-cohabitation
challenge were compared using a t-test. Mean days
to death (MDD) was calculated by the Lifetest procedure (Kaplan-Meier method) in SAS. Probabilities
of 0.05 or less were considered statistically significant.

RESULTS
Effect of calcein marking on the susceptibility of Ich
theronts
Fish developed visible trophonts on fins and skin 4
d post-exposure to Ich theronts. No difference was
noted for trophont infection level between NM fish
and CM fish or between CM fish marked with calcein
at 500 or 1500 mg l–1 (p > 0.05, Table 1). The trophont
infection scores were from 2.4 to 2.6, representing
infection levels in fish from 50–100 to >100 trophonts
fish–1. Calcein marking had no effect on fish mortality
or MDD. Fish exposed to Ich theronts showed 100%
mortality with a similar MDD (approximately 9 d),
regardless of whether fish were NM or CM. All
unchallenged fish (CM-control) survived when
marked with calcein at 1500 mg l–1.
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Table 1. Ictalurus punctatus. Infection level, mortality, and
mean days to death (MDD) of fish treated with different
concentrations of calcein and challenged by exposure to
15 000 Ichthyophthirius multifiliis theronts fish–1 for 1 h.
Within a given column, means with different superscripts are
statistically different (p < 0.05); na: not available
Calcein
(mg l–1)
0
500
1500
1500

Challenge
stage of Ich

Infection
level

Mortality
(%)

MDD
± SE

Theronts
Theronts
Theronts
None

2.6 ± 0.5a
2.5 ± 0.6 a
2.4 ± 0.6 a
0b

100a
100a
100a
0b

9.0 ± 0.4a
9.4 ± 0.4a
9.1 ± 1.0a
na

Parasite loads in skin and gills of fish using different
challenge methods
Parasite loads in skin and gills of fish using different
challenge methods are presented in Figs. 1 & 2. The
numbers of trophonts in the skin of control (nonimmune) fish in cohabited groups were lower than noncohabited control fish (Fig. 1). The parasite loads in the
skin of cohabited fish or non-cohabited controls increased dramatically at Day 6 post-challenge. Most
trophonts at Day 6 post-challenge were 1 d old. Less

Imm-cohabited

Con-cohabited

Imm-noncohabited

Con-noncohabited

Fish survival in challenge Trial I
Mortalities were significantly lower (p < 0.05) in
fish immune to Ich than non-immune controls in
both cohabitation and non-cohabitation challenges

100
200

Numbers of trophonts in gills

Numbers of trophonts in skin

250

than 10% of the observed trophonts were mature, having a C-shaped macro-nucleus. Similar results were
seen for parasite loads in gills of control fish. The numbers of trophonts in gills of cohabited control fish were
lower than in non-cohabited control fish (Fig. 2). The
parasite loads in gills of control fish in either cohabited
or non-cohabited aquaria also increased greatly at Day
6 post-infection. From Day 6 post-infection, control fish
started showing mortality in non-cohabited aquaria.
Morbid catfish showed heavy loads of Ich trophonts,
ranging from 20 to 50 trophonts per field of view
(19.6 mm2) at low magnification (40×). All control fish
died in tanks without immune fish 7 d post-exposure to
Ich theronts. One to 2 d post-infection, 1 out of 6 immune fish carried trophonts on the skin and 2 out of 3
carried trophonts on the gills. The parasite loads were
light, with few trophonts per sample. Some trophonts
were immobilized on skin or gills of immune fish with
cilia beating. Three days post-infection, no trophonts
were observed on the skin or gills of immune fish.
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Fig. 1. Ictalurus punctatus. Number of Ichthyophthirius multifiliis trophonts in skin of fish using cohabitation challenge
and challenged without cohabitation from Day 1 to 7 postexposure to 30 000 theronts fish–1 for 1 h. Parasite load was
expressed as number of trophonts per skin sample (by scraping mucus and skin from a 2 × 4 cm2 area of lateral body surface of each fish). Fish used in the cohabitation challenge included immune (Imm-cohabited) and non-immune control
fish (Con-cohabited). Fish used the non-cohabitation challenges also included immune (Imm-noncohabited) and control fish (Con-noncohabited). Each value is the mean of 12
samples from 6 fish; vertical bars represent SD
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Fig. 2. Ictalurus punctatus. Number of Ichthyophthirius multifiliis trophonts in gills of fish using cohabitation challenge and
non-cohabitation challenge methods from Day 1 to 7 post-exposure to 30 000 theronts fish–1 for 1 h. Fish gill filament samples (5 × 5 mm) were cut from each fish and trophont loads
were counted from 2 randomly selected viewing areas and
expressed as number of parasite per viewing area (19.6 mm2).
Each value is the mean of 12 samples from 6 fish; vertical bars
represent SD
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Table 2. Ictalurus punctatus. Percentage of mortality, relative percent survival
(RPS), and mean days to death (MDD) following exposure to Ichthyophthirius
multifiliis theronts in Trial I. Forty fish were used in each group. Within a given
column, means with different superscripts are statistically different (p < 0.05).
NM-immune: immunized channel catfish without calcein mark; CM-control:
non-immunized control catfish marked with calcein
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DISCUSSION

Marking fish by calcein immersion
is easily performed for large numbers
of fish in a short time compared to
other marking or tagging techniques
(Klesius et al. 2006). Our study showed
Fish group
Challenge
Mortality
RPS
MDD
that this marking method had no effect
method
(%)
(%)
± SE
on the susceptibility of channel catfish
NM-immune
Cohabited
5.0 ± 2.9a
89.6 ± 6.3a
15.0 ± 1a
to Ich theronts. No difference was
b
a
CM-control
Cohabited
47.5 ± 4.8
16.5 ± 1.5
noted in fish infection level, mortality,
NM-immune
Non-cohabited
2.5 ± 0.5a
96.5 ± 3.5a
10.0 ± 0a
c
a
and MDD caused by Ich between
CM-control
Non-cohabited
67.5 ± 2.5
11.7 ± 2.3
unmarked fish and fish marked with
calcein regardless of concentration.
(Table 2). The mortalities were 47.5 and 67.5% for
The results of this study demonstrated that a cohabinon-immune fish in the cohabited and non-cohabited
tation challenge could be used as an alternative chalgroups, respectively. No difference was noted for RPS
lenge method in parasite studies. There was no differbetween fish challenged by cohabitation (89.6%) and
ence in RPS of fish challenged by cohabitation and fish
fish challenged without cohabitation (96.5%). The
challenged by non-cohabitation in both trials. CohabiMDD in non-immune fish was slightly longer when
tation has been regarded as the challenge method that
challenged by cohabitation (16.5 d) than in fish in the
most closely mimics natural exposure (Nordmo 1997,
non-cohabitation challenge (11.7 d), but the differKlesius et al. 2006). There are many factors that influence was not significant (p > 0.05).
ence experimental results in an immunization trial,
such as pathogen concentration, density of fish, water
exchange, water quality, and tank volume. The
Fish survival in challenge Trial II
cohabitation method enables treated and control fish
to be compared within the same experimental unit and
Survival of fish immune to Ich was 90 and 97.5%
ensures that all test fish are exposed to the same
when exposed to theronts in the cohabitation and nonpathogen concentration under the same trial condicohabitation challenge, respectively (Table 3). These
tions (Nordmo 1997, Klesius et al. 2006). The cohabisurvival percentages of immune fish were significantly
tation challenge method uses fish as the experimental
higher (p < 0.05) than those of non-immune fish in both
unit, which is the smallest unit that can receive a vacchallenge methods. More than 72% of non-immune
cine or serve as a non-vaccine control (Jarp & Tverdal
fish died in the cohabited group, and all non-immune
1997, Klesius et al. 2006).
fish died in the non-cohabitation challenge. No differTwo factors must be considered when using a cohabence was noted for RPS between fish challenged by
itation challenge: (1) antibody and other substances
cohabitation and fish challenged without cohabitation
secreted into the water from immune fish; and (2) in(p > 0.05). Most fish died between Days 10 and 15. No
fection pressure that may affect immune fish survival.
statistical difference was noted for MDD for nonIn a previous study, Xu & Klesius (2003) found that fish
immune fish in these 2 challenge methods.
immune to Ich secreted cutaneous antibody into the
water, which had an effect on theront
invasion in naïve fish cohabited with
Table 3. Ictalurus punctatus. Percentage of mortality, relative percent survival
immune fish. The trophont numbers in
(RPS), and mean days to death (MDD) following exposure to Ichthyophthirius
multifiliis theronts in Trial II. Forty fish were used in each group. Within a given
naïve fish cohabited with immune fish
column, means with different superscripts are statistically different (p < 0.05).
were lower than naïve fish non-cohabNM-immune: immunized channel catfish without calcein mark; CM-control:
ited with immune fish. Similar results
non-immunized control catfish marked with calcein; na: not available
were noted in the present study when
evaluating parasite loads on fish skin
Fish group
Challenge
Mortality
RPS
MDD
and gills. The numbers of trophonts on
method
(%)
(%)
± SE
both skin and gills of control fish
NM-immune
Cohabited
10.0 ± 5.8a
86.5 ± 9.0a
12.0 ± 0a
cohabited with immune fish were
CM-control
Cohabited
72.5 ± 6.3b
13.3 ± 0.4a
always lower than control fish mainNM-immune
Non-cohabited
2.5 ± 2.5a
97.5 ± 2.5a
13.0 ± 0a
tained in aquaria without immune fish.
CM-control
Non-cohabited
100 ± 0c
12.2 ± 0.1a
a
The level of protection that immune
CM-control
Non-challenged
0±0
na
fish provide to cohabited control fish is
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affected by the concentration of antibody and other
substances secreted from immune fish in water. When
antibody concentration is high enough, it may immobilize theronts (Xu et al. 2004) or induce theront apoptosis (Xu et al. 2005). If antibody to Ich is not present or
present at low levels in the water, theronts will have an
increased chance to infect naïve fish. Most fish challenged with Ich theronts died with MDD of 12 d or
longer, which indicated that fish death was caused by
the second or third infection cycle of Ich, since Ich completes 1 infection cycle in 5 to 6 d at water temperatures of 24 to 26°C (MacLennan 1935). It was likely that
some theronts from the first cycle successfully infected
naïve fish, grew to maturity, and left the host to reproduce. One tomont can easily divide into 100 to 1000
theronts in less than 24 h (MacLennan 1935). Water in
these aquaria could have high concentrations of
theronts from the second infection cycle 5 to 6 d postexposure to Ich and from the third infection cycle 11 to
12 d post exposure to Ich. A rapid increase of infective
parasites may not only have killed naïve fish in groups
separated from immune fish but also in groups cohabited with immune fish. Even if antibody and other substances from fish immune to Ich have an effect on
theront infection, the effect could be limited if theront
numbers are high in the water.
Fish infected with bacterial pathogens in cohabitation challenges produce an infection pressure (superinfection) for naïve fish held in the same tank
(Nordmo 1997). Nordmo (1997) suggested that some
fish die from the original inoculation challenge and
others probably die from a water-borne infection due
to shedding of the pathogen by the originally inoculated fish. This may also have occurred in fish challenged with Ich theronts in our study. Control fish
cohabited with immune fish could be infected by Ich
and develop heavy infection. After fish die, the parasite may abandon the host, reproduce into many
infective theronts, and create an infection pressure for
both control and immune fish. Immune fish with a
strong immune response can resist theront re-infection. However, an overload of parasites could cause
infection and mortality if fish lack or have a weak
immune response against Ich.
In summary, marking fish by calcein immersion had
no effect on the susceptibility of channel catfish to Ich
theronts. The cohabitation challenge could be used as
an alternative challenge method to study Ich infection,
since no difference was observed in RPS of fish challenged by cohabitation and fish challenged by noncohabitation.
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