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Abstract

Experimental handling stress (EHS) was applied to clinically asymptomatic farmed goldfish (Carassius auratus L.). EHS

affected the gills and skin integrity of the fish and was accompanied by increased levels of plasma glucose, cortisol and

interleukin-10 (IL-10). EHS application was followed by highly significant enhancement of the rate of infection with a virulent

Aeromonas salmonicida isolate. Cumulative ulceration at the initial phase of the ensuing goldfish ulcerative disease (GUD)

evidenced a facilitating role of EHS in the onset of GUD. Host susceptibility to the pathogen increased from 40% in unstressed

fish to 90% in the stressed fish. A. salmonicida could be reisolated from the early-stage skin lesions only, whereas opportunistic

strains, other than A. salmonicida (A. sobria and A. hydrophila), were recovered from progressive-stage ulcers. The implication

of these findings in fish aquaculture is discussed.
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1. Introduction

A stressor definition implies an event, internal or

external to the organism, posing a real or perceived

threat to the integrity of the organism (Yamada and

Nabeshima, 1995; Ramos and Mormède, 1998).
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Compared with other farm animals, farmed fishes

are routinely exposed to a variety of possible acute

stressors, e.g., netting, holding, transporting, air

exposure and confinement, which altogether constitute

so-called handling stress. Assessing the influence of

stress on various biochemical and physiological

parameters of fish, it has long been recognized that

protective mechanisms against diseases are impaired

by stress, and, consequently, fish diseases have been

associated with its baneful effects (Wedemeyer, 1970;

Ellis, 1981). It has been predicted that if the

occurrence of stress coincided with the presence of
.
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a pathogen in a particular aquatic environment,

outbreaks of infectious fish diseases could be

anticipated (Snieszko, 1974).

Aeromonas salmonicida is considered one of the

most devastating fish pathogens and etiological agent

of ulcerative diseases that have an enormous negative

impact on the economic profitability of cyprinids and

marine fish (Austin and Adams, 1996; Austin, 1997;

Wiklund and Dalsgaard, 1998). These diseases can be

exemplified by goldfish ulcerative disease (GUD).

Extracellular A-layer protein has been suggested to be

one of the major virulent factors of A. salmonicida

(Kay et al., 1981). However, additional factors such as

secondary infecting (opportunistic) bacteria (Takaha-

shi et al., 1975a,b,c), nutritional conditions (Sovenyi

and Ruttkay, 1986), age, and environmental factors

have been found to play an important role in the

clinical manifestation of the disease (Moyer, 1996).

The main goal of the present work was to model the

naturally encountering situation associated with

handling stress (including netting, air exposure,

bathing and confinement constituents) and assess

the influence of this experimental handling stress

(EHS) on the events underlying the onset of GUD

outbreaks. In parallel, we briefly characterized and

identified an autochthonous isolate of pathogenic A.

salmonicida used for this purpose. Another objective

of this work was to evaluate the possible involve-

ment of interleukin-10-like (IL-10L) in fish stress

response. The rational to choose IL-10 among

numbers of cytokines was based on the reported

involvement of IL-10 in stress response in mammals

both in vivo and in vitro (Goldman and Stordeur,

1997; Stordeur and Goldman, 1997; Elenkov and

Chrousos, 2002; Hagihara et al., 2004). The presence

of IL-10 nucleic acid homologues in fishes including

carp has been recently reported (Reboul et al., 1999;

Zou et al., 2003; Lutfalla et al., 2003; Savan et al.,

2003). In this paper, the implication of IL-10L in fish

stress is evidenced.
2. Materials and methods

2.1. Fish

Clinically asymptomatic goldfish (Carassius aur-

atus L.), 6-months-old and 20–30 g weight, were
obtained from the Gan-Shmuel hatchery, Israel. The

fish were housed in 750 l plastic tanks supplied with

aeration (7 � 2 ppm oxygen), continuous water flow

and thermoregulated to 18 � 1 8C. Under these

conditions, fish were kept at least for 2 weeks prior

to treatment. We performed preliminary screening of

fish for the level of natural anti-A-protein antibodies as

described elsewhere (Sinyakov et al., 2002). Only fish

possessing low and intermediate levels of natural

antibodies were selected for the study.

2.2. Stress induction

Induction of air exposure stress in goldfish was

performed as described previously (Melamed et al.,

1999) and slightly modified as follows: floating net

cages, 20 fish within each one, were pulled out of the

water for 60 s. Relative to the time of the first stress

(1 h time point), this procedure was repeatedly carried

out at time points of 2 and 4 h while monitoring

glucose, cortisol, and IL-10L levels and assessing the

skin integrity. EHS was applied twice prior to the

infection test, at 1 and 2 h time points. At each

sampling time interval, ten fish were bled for blood

sampling and examined for skin integrity.

2.3. Glucose, cortisol and IL-10L tests

Changes in the blood plasma levels of glucose and

cortisol were monitored in stressed fish. A colori-

metric glucose oxidase assay described by Trinder

(1969) was adapted to ELISA microplates. Reagent

solution (prepared by dissolving 0.43 g Glucose

Trinder reagent, Sigma, in 20 ml double distilled

water), 200 ml per well, was added to Nunc Immuno

Plate II 96-flat-bottom microplate, and 5 ml of plasma

samples (diluted 1:5) was added to thewells thereafter.

Following 15 min incubation at 37 8C, the developed

color intensity of glucose oxidase directly associated

with the enzymatic response was measured with

ELISA reader as an optical density at 490 nm. In the

range of 0–90 mg/dl glucose concentration, color

intensity produced a calibration straight line

(y = 0.0039x, R2 = 0.9923). Samples were assayed

in triplicates. Intra- and inter-assay coefficients of

variation were 5.9 and 7.8%, respectively.

Cortisol measurements were performed by utiliz-

ing a random access automated immunoassay system
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(Babson, 1991). Intra- and inter-assay coefficients

of variation were 4.7 and 7.5%, respectively.

Expression of a 16-kDa IL-10-like (IL-10L) in fish

has been recently established in our laboratory

(Okun, 2005).

The enzyme-linked immunosorbent assay (ELISA)

has been applied to follow up the stress-related

changes in IL-10L level, by using the EHIL10 kit

(Endogen, Cambridge, MA) according to the manu-

facturer’s guidelines. Flat-bottom 96-well ELISA

microplate was precoated with anti-human IL-10,

and serum to be tested or standard samples (50 ml)

were added to each well in duplicate. Biotinylated

anti-human IL-10 antibody (50 ml per well) was

added thereafter. Following incubation at room

temperature for 2 h, plates were washed three times

with the supplied washing buffer. Streptavidin-HRP

solution (100 ml) was added to each well, and the

plates were incubated at room temperature for 30 min.

After triple washing, TMB substrate solution (100 ml

per well) was added, and the color was allowed to

develop in the dark at room temperature for 30 min.

The reaction was terminated by adding of stop

solution (100 ml per well). Absorbance was measured

with a plate reader at 450 nm, and the results were

calculated using a standard curve (defined with a

lyophilized baculovirus-derived recombinant human

IL-10).

After a single stress, the levels of the three markers

peaked at 1 h and subsided thereafter (not shown);

therefore all measurements were made 1 h after each

consecutive stress applied.

2.4. Skin integrity test

To follow up possible breaches in skin integrity as

result of the stress, a rapid and sensitive fluorescein-

based method (Noga and Udomkusonsri, 2002) was

employed. Briefly, stress-subjected fish were anesthe-

tized by bath immersion in a water solution of 0.2 g/l

benzocaine (Sigma) before being transferred into a

solution of 0.2 mg/ml of fluoresceine isothiocyanate,

isomer I (Sigma) for 6 min, rinsed with fresh water

and examined for skin damage (fluoresceine-positive

areas) under ultraviolet light. All fish were tested for

skin integrity prior to stress induction, and only test-

negative animals revealing no skin damage were

selected for the study.
2.5. Pathogen isolation and characterization

Ten infected goldfish (6-months-old) were obtained

from the Gan Shmuel hatchery, Israel. The fish

exhibited skin lesions resembling those described for

the early and intermediate stages of GUD (Elliott and

Shotts, 1980a). The fish were sacrificed with an

anesthetic overdose of benzocaine (USP XXII, NIPA,

0.15 g/l), and their skin surface was disinfected by a

brief immersion (2–3 s) in 70% ethanol. Samples were

taken from peripheral ulcer tissue or from lesions of

the primary stage of the disease (Elliott and Shotts,

1980a) and were inoculated on BHI agar (Difco)

plates supplemented with 5 mg/l bovine hemin

(Sigma) (BHI-BH) before being incubated at 18 8C
for 96 h. The colonies selected according to the

morphological features and biochemical characteris-

tics typical for A. salmonicida (Popoff, 1984) were

cultured at 18 8C, with or without a 4% NaCl

supplement, for preliminary identification. Colonies

growing at 18 8C without NaCl were subcultured on

BHI-BH agar plates supplemented with Congo Red

(Sigma) (Ishiguro et al., 1985) at 18 8C before final

identification based on biochemical profiles using the

API-20E and 20-NE systems (BioMérieux). The

presence of the vapA gene encoding the A-layer

protein in the bacterial isolate (designated hereafter as

strain F12.1) was verified by PCR, and the presence of

the A-layer protein was verified by electrophoresis as

detailed below.

2.6. PCR amplification

Bacterial chromosomal DNA was essentially

isolated as described elsewhere (Gustafson et al.,

1992), with minor modifications. Briefly, bacteria

were cultured in media BHI-BH broth, harvested by

centrifugation and washed in Tris–EDTA (TE) buffer

(Sigma). They were consecutively treated with

sarcosyl–Tris–EDTA lysis buffer and TE buffer until

completely dissolved. Nucleic acids were phenol-

extracted, pelleted with absolute ethanol and resus-

pended in Tris–boric acid–EDTA buffer. Forward 23-

mer AP-1 primer 50-GGCTGATCTCTTCATCCT-
CACCC-30 and reverse 24-mer AP-2 primer 50-
CAGAGTGAAATCTACCAGCGGTGC-30 were used
for PCR amplification of the bacterial vapA gene

encoding the A-layer protein (AP), as specified
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previously (Gustafson et al., 1992). PCR products

were detected on 1.2% agarose gel and visualized by

UV fluorescence after ethidium bromide staining.

DNA extracted from an AP-negative isolate (isolated

from goldfish in our laboratory) was used as a control.

2.7. A-layer protein

A-layer protein, a major protein constituent of the

outer envelope of A. salmonicida, was isolated

according to the low pH extraction technique (McCoy

et al., 1975), by modified procedure (Phipps and Kay,

1988). The relative molecular weight of AP was

assessed by SDS-PAGE under reducing conditions,

and protein contents were evaluated by a modified

Lowry assay (Markwell et al., 1978).

2.8. Infection test

Selected colonies were cultured in BHI-BH

medium at 18 8C for 36 h. Bacteria were harvested

by centrifugation at 5000 � g for 15 min and washed

twice in sterile saline. The challenge procedure was

carried out by bath immersion as described elsewhere

(Sinyakov et al., 2002). The cell concentration in the

aquarium water was brought to 5 � 107 cells/ml

before being used for the virulence test. Twenty

asymptomatic goldfish (kept at 18 8C for acclimatiza-

tion) were subjected to air exposure stress (group A)

and, along with 20 unstressed fish (group B), were

immersed in a 10 l bacterial suspension at 18 8C for

60 min, washed with fresh water and kept at 18 8C. An
additional group of 20 unstressed fish was used as

controls (group C). Following bath infection of groups

A and B, all groups were held in separate cages within

the same tank of water. The fish were examined daily

for the appearance of early-stage skin lesions, and a

cumulative ulceration has been recorded. The follow-

ing visual criteria were applied to discriminate

between different stages of the developing pathogenic

process in the affected fish: appearance on the skin of

small red-colored erythemas (average diameter of ca.

0.5–2 mm) followed by further development of these

lesions into deep large-sized cutaneous ulcers pene-

trating the skin and accompanied by easily visualized

inflammation. These two clinical manifestations were

defined as early-stage lesions and progressive-stage

ulcers, respectively.
2.9. Reisolation of pathogenic bacteria

Reisolation of pathogens was performed from the

early-stage skin lesions (nine fish), progressive-stage

ulcers (six fish), and internal organs (spleen, prone-

phros and intestine, 15 fish). Identification of

opportunistic strains isolated at the progressive stages

of the disease was based mainly on results obtained

with the API-20E and 20-NE systems.

2.10. Statistics

Unpaired two-tailed T-test was applied for evalua-

tion of differences between the groups.
3. Results

To assess the influence of stress on glucose, cortisol

and IL-10L levels, four groups of fish have been used,

the control group was not subjected to stress, and three

other groups were subjected to air exposure stress and

tested for the above stress indicators (Fig. 1). In the

gradually increasing air-exposure stress, the levels of

cortisol and glucose showed ever-increasing values in

parallel to the repetitive stress events. A similar trend

was evident for the IL-10L level as well.

At each stage of the repetitive stress, the skin

integrity has been assessed. Originally unimpaired fish

revealed an ever-increasing damage in epithelia of

gills and skin that paralleled the stress levels. The

damage, invisible to the naked eye, was detected in

30% of fish subjected to a single stress, in 60% of fish

subjected to the double stress, and 90% of fish were

impaired upon the triple stress (data not shown).

To carry out the infection test, we have used an

autochthonous isolate of pathogenic A. salmonicida.

The physical and biochemical characteristics of the

isolated bacterium, such as lack of motility, cell

morphology, growth on nutrient broth at 18 8C,
positive cytochrome oxidase and Gram negative

staining, fitted the criteria of A. salmonicida (Popoff,

1984; Wiklund et al., 1993). The presence of the vapA

gene in the F12.1 isolate was confirmed by PCR

amplification. The results revealed the presence of a

421 bp fragment that was amplified only from the

F12.1 isolate (Fig. 2a). The AP of this isolate was

visualized by SDS–PAGE as a single band with Mr of
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Fig. 1. (a) Plasma cortisol, (b) plasma glucose, and (c) serum IL-

10L levels in stressed fish. Zero time point stands for the control

unstressed group. Time points of 1, 2 and 4 h stand for groups of fish

subjected to single, double and triple stress, respectively. Depicted

are means and standard deviations.
approximately 49 kDa (Fig. 2b), corresponding to the

AP monomer (Kay et al., 1981).

The effect of EHS on goldfish infection with the

virulent A. salmonicida F12.1 strain was tested in

three goldfish groups: stressed–infected (A),

unstressed-infected (B) and unstressed-uninfected

controls (C). Appearance of the early-stage lesions

(recorded during two weeks post-infection) was

observed on days 3–5 in groups A and B. Cumulative

morbidity reached 90% in group A, whereas 40%were

recorded in group B (Fig. 3). The lowmorbidity (10%)
in the control group might be attributed to the fact that

these fish were kept in the same tank with the infected

animals, hence being exposed to horizontal transmis-

sion of low doses of the pathogen. Statistical

evaluation revealed significant differences between

all the groups ( p < 0.05 in groups A and B, p < 0.001

in groups A and C, p < 0.01 in groups B and C).

Attempts to reisolate the F12.1 strain from the skin

lesions and internal organs (spleen, pronephros and

intestine) were made from infected goldfish. This

pathogen could be successfully recovered from skin

lesions in nine out of 15 fish only at the early stage of

the disease but not at its progressive stages. The

reisolation of the F12.1 strain from the internal organs

failed in all fish even at the progressive stages of the

disease where other aeromonads could be isolated.

These opportunistic isolates were identified by

employing the API-20E and 20-NE testing systems

as belonging mainly to sp. A. sobria and A. hydrophila.
4. Discussion

Several factors have been suggested as determining

the onset, incidence, and severity of fish diseases: the

presence of specific pathogen(s), stressful event(s)

(Snieszko, 1974), and variations in temperature

(reviewed in Avtalion, 1981; LeMorvan et al.,

1998). In the present work carried out with an

autochthonous isolate of A. salmonicida, the facil-

itating role of EHS in the onset of GUD in farmed

goldfish was examined and further substantiated.

It is well documented that both natural and artificial

environmental stressors impair the homeostatic

equilibrium in fish and affect physiological and

immune functions (Sunyer et al., 1995; Hrubec

et al., 1996; Tort et al., 1996; Bly et al., 1997; Arends

et al., 1999). Fish in aquaculture mostly experience

handling and confinement stresses; both were reported

to suppress both the innate and adaptive immunity, and

exposure to these stressors has been suggested to be a

factor predisposing to infectious diseases (Bly et al.,

1997). This is relevant to handling stress as well (Saeij

et al., 2003). In our model, which mimics a typical

situation of handling stress encountered in aquacul-

ture, a cumulative morbidity rate in stressed-infected

fish at the initial stage of the disease exceeded more

than twofold that in infected but unstressed animals. It
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Fig. 2. (a) Electrophoretic pattern of PCR products revealed on 1.2% agarose gel. The lowest visible fragment size is of 281 bp. Lanes 1 and 2:

MBI molecular weight markers. Lanes 3 and 4: DNA extracted from the AP-negative strain of Aeromonas salmonicida. Lanes 5 and 6: DNA

extracted from the AP-positive strain F12.1; and (b), SDS-PAGE profile of the A-protein (AP, lane 1) and BDH molecular weight markers (lane

2) as observed on 10% polyacrylamide gel.

Fig. 3. Appearance of the early-stage ulcer lesions following 1 h

bath exposure of stressed and unstressed goldfish to F12.1 strain of

A. salmonicida (5 � 107 cells/ml). Group (A), stressed-infected;

Group (B), unstressed-infected; and Group (C), unstressed-unin-

fected fish.
has been reported that an artificial deliberate injuring

the fish (removal of mucus and scales and causing

traumatic skin lesions) prior to infection with A.

salmonicida had resulted in a significantly higher

number of ulcer lesions compared to that in infected

non-injured fish (Elliott and Shotts, 1980b). Our

results are in line with this work.

A gradually increasing level of repetitive stressful

events was accompanied by ever-increasing plasma

levels of two stress markers, cortisol and glucose. This

positive correlation points on the involvement of the

two mechanisms in stress response, one operating

through the brain–pituitary–interrenal (BPI) axis and

another one operating through the brain–sympathetic–

chromaffin cell (BSC) axis (Lappivaara, 2001;

Kakuta, 2002; Ortuno et al., 2002; Davis, 2004). A

similar pattern was displayed by stress-related

changes in the level of IL-10L. This fact is in line

with the finding of Hodge et al. (1999) that methyl-
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prednisolone upregulates human monocyte IL-10

production in the blood. To our knowledge, this is

the first direct evidence that, in parallel to the BPI and

BSC networks, the mechanism responsible for the

inhibition of proinflammatory cytokines secretion

(Fiorentino et al., 1989) seems to be also involved in

stress response in fish and may serve as additional

stress indicator. Identification of IL-10L in sera was

carried out by Western blot analysis with the use of

anti-human IL-10 mAb (Santa Cruz Biotechnology

Inc., sc-8438, 1:660 dilution) and horseradish perox-

idase labeled secondary antibody (Jackson Immuno-

Research, 1:6600 dilution) and further confirmed by

applying an immunomodulating compound, the

AS101 known to specifically inhibit IL-10 release

in mammals (Strassmann et al., 1997; Sredni et al.,

2004) and goldfish in which a significant dose-

dependent inhibition of intracellular IL-10L synthesis

was demonstrated (Okun et al., 2003).

To gain further insight into events underlying an

apparent contribution of EHS to the disease onset, we

tested the skin integrity of stressed fish and revealed

gradually increasing breaches in integrity of gills and

skin; the incidence of damage paralleled the level of

stress. Similar results have been reported previously

for the acute confinement stress (Noga et al., 1998)

and hyperosmotic stress (Huising et al., 2003). In our

work, fish were infected after a double stress, which

had already caused a definite damage in gills and skin

integrity in 60% of the animals, and the disease

developed in 90% of this cohort compared to 40% in

the unstressed sample. Taken together, these findings

provide direct evidence that stressors actually create

additional ports of entry for a pathogen and thus play a

facilitating role in the onset of fish diseases in the

presence of a pathogen. This situation probably

represents a general phenomenon in aquaculture.

The major biochemical and physical character-

istics of the F12.1 isolate fitted the taxonomic

criteria of A. salmonicida as defined elsewhere

(Popoff, 1984; Wiklund et al., 1993). This infecting

pathogen could only be recovered from the early-

stage skin lesions, while other aeromonads (A.

sobria and A. hydrophila.) were isolated from the

internal organs of fish during the progressive stages

of the disease. These results are in agreement with

the majority of previously published reports (Bul-

lock et al., 1983; Humphrey and Ashburner, 1993;
Bootsma et al., 1997). Because the F12.1 strain could

only be isolated and reisolated under natural and

experimental conditions during the early stage of the

disease, it seems reasonable to suggest that the

pathogen’s presence is essential for the initiation of

the pathological process of GUD. This suggestion is

further corroborated by the fact that other aero-

monads were constantly and predominantly present

in the ulcers during the progressive stages of the

disease. This finding supports the assumption that

saprophytic bacteria represent a major factor

responsible for the development of skin ulceration,

but are not involved in the initiation of the disease

(Elliott and Shotts, 1980a,b; Evenberg et al., 1986).
5. Conclusion

Direct evidence is presented that typically encoun-

tered in aquaculture handling stress breaches the skin

and gills integrity in farmed goldfish and thus

facilitates initiation of GUD in the presence of A.

salmonicida. This pathogen seems to be responsible

for the development of early-stage lesions, whereas

other aeromonads (A. sobria and A. hydrophila.) are

involved in progressive-stage skin ulceration. The

mechanism related to inhibition of proinflammatory

cytokines secretion is evidenced to be operative in

stress response in fish.
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