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Background. Ectoparasitic infections of fish are considered to be stress inducing. However, only a few studies
have addressed this topic. In addition, formalin bath treatment of rainbow trout is a generally applied method of
controlling ectoparasites, but the stress response in rainbow trout, Oncorhynchus mykiss, as a result of such treat-
ments with formalin, has not received much attention and therefore needs further elucidation. The present inves-
tigation addresses the stress-response induced by parasites and formalin treatment.

Materials and methods. Concentrations of plasma cortisol were monitored using ELISA. Samples were taken from
groups subjected to confinement stress, infection with Ichthyophthirius multifiliis and formalin bath treatment.
Results. Rainbow trout clearly responded to harmful stimuli by increasing plasma cortisol concentrations.
Confinement, formalin bath treatment, as well as infection with Ichthyophthirius multifiliis resulted in significant
high cortisol concentrations in plasma compared to the unhandled and uninfected control groups.

Conclusion. The present study showed that cortisol release in rainbow trout is associated with infection with the
skin ciliate Ichthyophthirius multifiliis. Formalin, which is used to control the parasite infection, also elicited

a high production of this immuno-suppressing hormone in the host.
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INTRODUCTION

Ectoparasitic infections are generally considered to be
a major problem in fish farming (Menezes et al. 1990,
Hakalahti and Valtonen 2003). The ectoparasite
Ichthyophthirius multifiliis Fouquet, 1876 is known to
cause increased mortality in aquaculture world wide,
resulting in economical losses for the fish farmers.
Previous investigations have clearly established
formaldehyde as an effective chemical against ectopara-
sitic infections caused by monogeneans and ciliates such
as I. multifiliis in rainbow trout, Oncorhynchus mykiss
(cf. Howe et al. 1995, Ostland et al. 1995, Buchmann and
Kristensson 2003). As a result the chemical is used exten-
sively in fish farms. Reports of acute physiological
changes as a result of formaldehyde treatment in fish are
limited. However, epithelial injuries and changes in
mucous cell densities, due to short- and long-term expo-
sure to formaldehyde have been demonstrated in rainbow
trout (Lumsden et al. 1994, Buchmann et al. 2004).

It has clearly been demonstrated that the corticosteroid
cortisol is secreted by fish as a response to harmful stimuli or
stress (Schreck 1982, Pickering 1990, Nielsen and

Buchmann 1997, Barton 2000, Stoltze and Buchmann 2001).
Further, elevated plasma cortisol levels in salmonid
species such as Atlantic salmon, Sal/mo salar, have on
several occasions been associated with a reduction of fish
growth (Pickering 1990). However, information on the
stress response in salmonids (plasma cortisol concentra-
tion), associated with parasitic infections and associated
formaldehyde treatment, is limited (Stoltze and
Buchmann 2001). It is also noteworthy that several exper-
iments have suggested the possibility of fish being more
susceptible to opportunistic pathogens as a result of
injuries to the skin caused by formaldehyde treatment and
elevated cortisol concentrations (Madsen and Dalsgaard
1999, Stoltze and Buchmann, 2001, Buchmann et al.
2004). The present work, therefore, aims to elucidate the
connection between the stress response and infection,
handling/confinement, and formaldehyde treatment of
rainbow trout.

MATERIALS AND METHODS
Pathogen-free rainbow trout (Danish Centre for Wild
salmon, Brusgaard, Jutland, West Denmark, Skinnerup
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Molle strain) were used throughout the experiment. Fish
were fed 1% BW/day pellet feed (Biomar) over the duration
of the experiment, and acclimatized during a 3-week period
prior to the experiment. At the start of the acclimation peri-
od, fish had a mean body weight of 36.1 g (sx= 0.76) and
a mean fork length of 11.9 cm (sy= 0.31).

Fish were kept in 120 L tanks containing aerated,
municipal water, recirculated by internal biofilters (Eheim,
Germany). The temperature was kept at 12°C in a thermo-
stat controlled room. Water was changed once a day (after
blood sampling on day 8 and 16). Concentrations of NH;/
NH," and NO,> / NO;~ were monitored (Nitrat, Nitrit,
Ammonium-Test, Merck, Germany).

Experiments were conducted in triplicates. A total of
360 rainbow trout were distributed in 12 tanks, each con-
taining 30 fish. Fish tanks were divided into 4 groups,
each comprising 3 tanks. Fish were kept at constant dark
conditions. Blood was collected from 5 fish in each tank
at day 8 and 16. The three experimental groups were treat-
ed according to the plan outlined below.

Group 1. Fish were kept unhandled and uninfected.
Group 2. Daily formaldehyde concentration of 120 ppm
(highest recommended concentration for treatment). The
formaldehyde solution was removed after 60 minutes of
static bath treatment, and replaced with municipal water.
Internal biofiltres were removed during periods with
formaldehyde treatment.

Group 3. Infections with the skin ciliate Ichthyophthirius
multifiliis. Five infected rainbow trout were introduced
into the tanks with uninfected fish at day 0 (cohabitation).
Furthermore, five uninfected fish were introduced into all
other tanks to maintain an equal number of fish in each
group. Introduced fish were consequently marked (fin-
clipped) to avoid sampling errors. Thus, the uninfected
fish were subjected to infection at the time where infec-
tive theronts had been produced by trophonts leaving the
skin of already infected fish (day 3). Parasite numbers
were assessed macroscopically on day 16.

Group 4. Fish were subjected to confinement stress (day
8 and 16) by netting 15 fish at a time and keeping them for
one hour in one litre of aerated water (10-L tank). Blood
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sampling was conducted immediately after. Thus, the con-
finement group served as a comparative positive control.

At each sampling point (days 8 and 16) 5 fish from each
tank were rapidly netted and killed in an overdose of
MS-222 (500 mg - L™"). Using heparinized syringes, blood
was rapidly collected from the caudal vessels and dis-
pensed into 1.2 mL centrifuge tubes. Blood was centrifuged
(5§ min x 16 000 g) whereupon plasma was collected and
stored at —20°C until further analysis.

Plasma samples (20 pL) from each fish were used for
cortisol measurements. The cortisol concentration in plas-
ma was measured using a competitive ELISA-kit
(Cortisol kit, ElAgen, Adaltis, Italy), according to the
manufacturer’s instructions.

Cortisol data were tested for normality
(Kolmogorov—Smirnov test for normality (P < 0.001),
Sigma Stat, 2005). A nonparametric test (Kruskal—-Wallis)
One Way Analysis of Variance on Ranks, (P < 0.05),
Sigma Stat 2005) was applied to test for differences
between experimental groups. An All Pairwise Multiple
Comparison Procedure (Dunn’s Method, Sigmastat 2005)
was applied to isolate the group or groups that differed
significantly. A Mann—Whitney Rank Sum Test (P < 0.05)
was used to compare the same groups after 8 and 16 days.

RESULTS

No mortality was recorded, in any of the groups, dur-
ing the experimental period.

Day 8: Group 4 (confinement) and 2 (formalin bath
treatment) demonstrated significantly higher plasma cor-
tisol concentrations compared to group 1 (control) and
group 3 (infection with 1. multifiliis) (P < 0.05) (Fig. 1a).

Day 16: Group 4 (confinement), group 2 (formalin-
bath treated) and group 3 (infection with 1. multifiliis)
demonstrated significantly higher concentrations when
compared to group 1 (control) (P < 0.05) (Fig. 1b).

Fish from group 1 (control) showed relatively low
mean cortisol concentrations in plasma after both 8 and 16
days (7.5 ng - mL™! and 44.0 ng - mL™! respectively).
However, fish from group 2 (formalin bath treated)
demonstrated an elevated mean concentration of plasma
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Fig. 1. Plasma cortisol concentration in each of the 4 experimental groups of rainbow trout on day 8 (a) and on day
16 (b); (x = sp) (n = 15) for all groups; * P < 0.05 (different from control group)
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cortisol after both 8 and 16 days (319.0 ng - mL™" and
212.0 ng - mL! respectively). Fish from group 3 (infec-
tion with 1. multifiliis) showed relatively low mean cortisol
concentrations after 8 days, but elevated concentrations
after 16 days of exposure to the parasite (14.9 ng - mL™!
and 170.0 ng - mL", respectively). Thus, the group infect-
ed with 1. multifiliis demonstrated a significant elevation in
cortisol concentration from day 8 to dayl6 (P < 0.05).
During this period the number of visible trophonts in the
skin increased from 0 to approximately 100 in each fish.
Fish from group 4 (confinement) showed highly elevated
mean plasma cortisol concentrations after both 8 and 16
days (431.0 ng - mL~! and 311.0 ng - mL"!, respectively).

DISCUSSION

The present results confirm that rainbow trout respond
to harmful stimuli by elevating plasma cortisol concentra-
tions. Thus, it was found that not only /. multifiliis infec-
tion but also a generally accepted treatment against
ectoparasites resulted in increased cortisol levels in rain-
bow trout. Cortisol concentrations found in this study
were in accordance with previous concentrations found in
juvenile Atlantic salmon and a wide range of salmonids
(Pickering and Pottinger 1989, Nielsen and Buchmann
1997, Barton 2000, Cho and Heath 2000). Cortisol con-
centrations increased in response to confinement stress,
which is in accordance with previous studies showing ele-
vated cortisol concentration as a result of handling and
confinement (Thomas and Robertson 1991, Pottinger et
al. 1999, Barton 2000, Stoltze and Buchmann 2001). In
the present study also formalin treated rainbow trout (120
ppm for 1 h) showed highly elevated cortisol levels. The
formalin concentration and exposure time used in the
present study are in accordance with concentrations and
treatment durations used in aquaculture, thus mimicking
conditions and stress levels found in fish during treat-
ment. Previous studies have demonstrated extensive dam-
age to the epithelium as well as changes in skin composi-
tion as a result of formalin exposure (Buchmann et al.
2004). The present work further indicates that formalin,
although antiparasitic, is causing adverse effects in rain-
bow trout. The study by Buchmann et al. 2004, demon-
strated a significant elevated concentration of mucous
cells after 1 h of formalin exposure at a concentration of
100 ppm. Scanning electron microscope pictures of the
epithelium also revealed extensive damage and disorgani-
sation following 1-h exposure at 300 ppm. In the present
study, the group infected with 1. multifiliis demonstrated
a significant elevation in cortisol levels from day 8 to day 16.
Thus, the plasma cortisol concentrations of infected fish
(after 16 days) were similar to formalin treated fish. The
reason behind the relatively low cortisol levels at day 8 is
a result of the lifecycle of 1. multifiliis. Thus, the uninfect-
ed fish were subjected to infection at the time where
infective theronts had been produced by trophonts leaving
the skin of already infected fish. Thus, a time lag is
expected between the introductions of infected fish, until
high infection levels are found in naive fish.

From the present study, it seems that stress response is
associated with infections caused by the ectoparasite
1. multifiliis. This observation is interesting because only
a few studies have been able to show induction of stress
associated with ectoparasitic infections in fish (Stoltze
and Buchmann 2001, Fast et al. 2006). The study by
Stoltze and Buchmann 2001, illustrated a significant ele-
vation of cortisol concentrations as a result of infection
with the ectoparasite  Gyrodactylus derjavini.
Gyrodactylids actively attaches to a host and penetrate the
epithelium, using their marginal hooklets, thereby creat-
ing similar osmotic disturbances as [ multifiliis
(cf. Larsen and Buchmann 2006, Jergensen et al. 2007).
The present study thus indicates that cortisol release is
associated with infection intensity. Formalin treatment
clears the fish of ectoparasites, but it may leave the fish
more susceptible to opportunistic pathogens as a result of
injuries to the skin caused by formaldehyde treatment and
at the same time leave the fish in an immuno-suppressed
stage as a result of high cortisol concentrations (Pickering
and Pottinger 1989). However, additional studies are
needed to create conclusive results, as to the precise role
of formaldehyde as a precursor of secondary infection.
Furthermore, it is likely that an additive stress response
can occur in cases where already infected and stressed
fish are treated with high doses of formalin. The effect of
such additive stress should be investigated in future stud-
ies. To elucidate if elevated cortisol should be considered
chronic or acute during infection with /. multifiliis and
treatment with formalin would also be a point of interest
in future studies. Such studies could clarify to which
extend cortisol acts as an immuno-suppressor in the chase
described in the present work.
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