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SOME FACTORS CONTRIBUTING TO THE DEVELOPMENT OF
FUNGUS INFECTION IN FRESHWATER FISH

RENE R. ROTH, Department of Zoology, University of Western Ontario, London, Ontario.

Abstract: The intravenous administration of 1 mg of: cortisol, cortisone, estradiol or
progesterone, or the infusion of 5 i.u./kg body weight/241’ of thyroid stimulating

hormone, had a facilitating effect upon fungus growth on the freshwater teleost

Catostomnus commnersonii co,nniersonii Lac#{233}p#{233}de.The same dose (1 mg) of corti-

costerone or testosterone or adrenocorticotrophin (5 i.u./kg/24”) did not have this

facilitating effect.

The possible role of steroids in the mechanism of action of temperature in

promoting infections in fish is discussed.

INTRODUCTION

The majority of fungi involved in dis-

eases of fish are members of the family

Saprolegniaceac, the common “water

moulds”. They are characterized by a

myceloid, eucarpic thallus bearing num-

erous reproductive cells. The most ubi-

quitous of the aquatic fungi, commonly

attacking fish, is the eurytherm, eury-

haline genus Saprolegnia.

Most authors agree that Saprolegnia

is not in itself a specific disease but

rather makes its appearance on indivi-

duals weakened by other maladies.” Stuart

and Fuller’ however, do not accept the
view that the fungal infection is secon-

dary. They state that Saprolegnia can act

as a lethal primary parasite of healthy

fish and that this genus alone has been

isolated constantly from lesions of fish

with ulcerative dermal necrosis (UDN).

Thus, the predisposing factors, contri-

buting to development of fungus on

freshwater fish are still controversial.

One precondition appears to be the pre-
sence of bruises, wounds or abrased

surfaces which provide the substratum

for the growth of the fungus. But the

importance of other predisposing factors

such as stress” and water temperature

cannot be ignored.

Since stress causes the release of stress

hormones (e.g. cortisone) from the inter-

renal tissue’ it seems possible that corti-

costeroids are involved in the etiology of

fungus growth. Robertson et al.” showed

that intrapenitoneal implantation of con-

tisol pellets to immature rainbow trout

resulted in skin infections and death. This

appears to support the view that experi-
mental administration of corticosteroids

might have an effect similar to stress

itself.

MATERIALS AND METHODS

Adult white suckers (Catostonius Colti-

mnersoiiii conunersonii Lac#{233}p#{233}de),weigh-

ing between 860 and 1150 g, were kept

in large holding tanks using recycled, fil-

tered, dechlorinated, aerated water. The

temperature was held at 5 C during winter

and 10 C during summer. The fish were

not fed.

The operative procedures were similar

to those used by Hunn el al.’ and Mackay
and Beatty.” The experimental fish were

anaesthetized with 0.2 g/l MS. 222

(tnicaine methanesulfonate, Sandoz) and

subsequently catheterized with a Clay-

Adams PE 200 polyethylene catheter in-

troduced into the mesonephric duct and

sutured into place with monofilament

nylon. A PE 50 polyethylene tubing was

introduced into the caudal vein for the

purpose of injecting hormonal com-

pounds. Following cannulation and cath-

eterization each fish was placed in a spe-

cially built lucite box provided with
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constant temperature water. Both the

catheter and the cannula were led out of

the box through watertight fittings.

Some of the experimental fish were
kept at 5 C (group E,) while another

group was kept at 13 C (E2). They were

injected once with 1 mg of one of the

following pure, crystalline steroids: corti-

costerone, cortisone or cortisol (male and

female fish), estradiol or progesterone

(females only), or testosterone (males

only). The particular crystalline steroid

was dissolved in 0.03 ml purified ethanol

and 1 ml of a mixture of: 2 parts Hick-

man’s fish saline2 and 1 part propylene-

glycol, was added. This solution was

injected through the caudal cannula. One

ml of saline was used to wash the solution

into the blood stream.

Since the average weight of the fish

was 1010 g, the one mg steroid injected

gave an average dose level of 0.99 mg/

kg body weight (range: 0.87 - 1.16 mg/

kg) and an estimated mean blood level

(assuming blood volume approximately

5% of body weight) of 1980 �tg%

(range: 1730-2320 �g%).

Some of the experimental animals were

treated with adrenocorticotrophin (ACTH)

or thyroid stimulating hormone (TSH).

ACTH or TSH were administered as con-

tinuous infusion (0.005 i.u./g body weight

/241) by means of a syringe-pump, for

periods of 5 or 8 days.

There were two major groups of con-

trol fish: group A consisted of the intact

fish kept in the holding tanks (group A,

at 5 C and A2 at 10 C); group B com-

prised fish submitted to the same opera-

tive procedures as the experimental ani-
mals, except that they were injected with

the solvent mixture only, without added

steroids. The group B fish were subdivided

into smaller groups and kept at the

following temperatures: 5 C (subgroup
B), 10 C (B2), 13 C (B:) and 16 C (B4).

RESULTS

During preparatory work it was noted

that most of the fish kept at temperatures

exceeding 10 C developed fungus growth.

Based on this experience and assuming

that initially the fungus invades only the

very surface of the skin, where it is still
accessible to topical treatment, each newly

caught fish was dipped for 30 sec. into a

trough containing a 1% solution of mala-

chite green and 0.5 g/gal M.S. 222 (to
keep the fish quiet) cooled to 5 C. This

treatment was repeated once more, just

prior to cannulation and catheterization.

Fungus development was absent on the

fish kept intact in the holding tanks

(Table 1) as well as on the control

groups B,, B, and B:, even 30 days after
cannulation and catheterization. Group

B, however, presented fungus growth

after a latency period of 10-15 days

following operation. The experimental

fish (E, and E,) treated with estradiol,

cortisol, cortisone or progesterone as well

as those treated with TSH consistently

developed fungus infection after a lat-

ency period of 7-10 days. Conversely,

those injected with corticosterone or tes-

tosterone or infused with ACTH did not

show any sign of fungus growth.

These results were the same for fish

caught ripe in April and for those caught

during the summer and winter months.

DISCUSSION

The mechanism of action of tempera-
ture in promoting infections in fish is
still a matter of controversy. The major-

ity of authors””” reported a better im-

mune response at higher than at lower
water temperatures, and the rate of heal-

ing of UDN lesions was found to be

faster at higher temperature.’#{176} On the

other hand bacterial infections may be

caused’ and an epizooty accentuated’3 by

increased water temperature. Cushing’

reported that although the antibody-titer

in freshwater fish increased faster at 28 C

than at 15 C, the end-titer was higher

at 15 C.

That the link between temperature

and immunity control might be found in

the adrenal cortical hormones was sug-
gested by Bisset’ who pointed out that
the production of these hormones is in-

hibited at low temperatures. In agree-

ment with this is the work of Fontaine

and Hatey#{176}who reported that ACTH
restored to normal the interrenal of the
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hypophysectomized eel at 16 C but not

at 6 C. Robertson et al.’7 found that when

the water temperature was raised from

13 to 17 C, death occurred much faster

and with smaller doses in fish implanted

with cortisol pellets.

In the present study temperatures ex-

ceeding 10 C appeared to make the

suckers more susceptible to fungus infec-

tion than lower temperatures. This might

have been the result of a disruption of

the balance between host and bacteria

causing infections predisposing to fungus

development’ or of the increased invasive

activity of the fungus. Nevertheless, based

on the findings mentioned above4”7 and

on the results of the present study, it is

suggested that temperature acts mainly

indirectly, through humoral factors, upon

the immunological defense mechanisms

of the fish. High temperatures will re-

duce the amount of transcortin-bound
corticosteroids in fish plasma7 and release

free, biologically active steroids.’ Thus

temperature may be considered a per-

missive element which allows the activa-

tion of the immunodepressant interrenal

corticosterojds.”

Although the glucocorticoids and par-

ticularly the 1 7-hydroxy-corticosteroids

(l7-OHCS) are traditionally known as
restrainers of protein synthesis and stimu-

lators of the catabolism of the amino

acid building blocks of protein and thus

of antibodies, nothing of the kind is

known about estrogens or progesterone.

On the contrary, estradiol is known to

stimulate the synthesis of RNA and pro-

teins in mammals. In the present study,

however, estradiol administration was fol-

lowed by fungus growth in the experi-

mental fish. It seems possible that this
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effect was due to the triggering of free

cortisol secretion, a supposition suggested

by my own finding that estradiol injec-

tions caused excretion of free cortisol in

the white sucker and by the report that

humans treated with estrogens showed a

marked increase of plasma l7-OHCS?’

The amounts of steroids injected in the
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than physiological, resulting in an initial

blood level ten times higher than that

found in spawned salmon plasma.” Al-

though this high plasma level is main-

tained for a short time only, substantial

amounts of the injected steroids or their

metabolites may be detected in various

organs of these fish even after 5 days

from the time of injection.’4 The effects

elicited by the presence of these high

levels of steroids may be equated with

those of stress” which, through a very

similar mechanism, causes metabolic

changes contributing to increased sus-

ceptibility to infection and significant

reduction of immune response.’4

ACTH did not show any effect upon

fungus growth facilitation, in the present

study. Whether this was due to the rela-

tively low dosage used or to some other

factor, as e.g. the possible formation of

anti-ACTH antibodies during protracted

treatment, is unknown. The role of ACTH

in the various fish species needs much

more study.

In conclusion it may be asserted that

high plasma levels of l7-OHCS, estradiol,

progesterone or TSH have a permissive,

facilitating effect upon the occurrence

of fungus infection in the white sucker

fish. It is suggested that this effect is

related to the impairment of antibody

formation2 and the suppression of reactive

tissue inflammation.

1. AMBROSIUS, H., and R. LEHMANN. 1965. Beitraege zur Immunobiologie

poikilothermer Wirbeltiere. III. Der Einfluss von Adjuvanten auf die
Antikoerper-produktion. Acta biol. med. German. 14: 830-844.

2. BISSET, K. A. 1946. The effect of temperature on non-specific infections of

fish. J. Path. Bact. 58: 251-258.

3. BISSET, K. A. 1948. The effect of temperature upon antibody production in

cold-blooded vertebrates. J. Path. Bact. 60: 87-92.

4. BISSET, K. A. 1949. The influence of adrenal cortical hormones upon immunity

in cold-blooded vertebrates. J. Endocrinol. 6: 99-103.

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 15 May 2024
Terms of Use: https://bioone.org/terms-of-use



28 Journal of Wildlife Diseases Vol. 8, January, 1972

5. CUSHING, J. E. 1942. An effect of temperature upon antibody-production in

fish. J. Immun. 45: 123-126.

6. FONTAINE, M., and J. HATEY. 1953. Recherches sur Ic controle hypophysaire

de l’interrenal anterieur d’un poisson teleosteen, l’anguille. C. R. Soc. Biol.

Paris 147: 217-220.

7. FREEMAN, H. C., and D. R. IDLER. 1966. Transcortin binding of cortisol in

Atlantic salmon (Salmno salar) plasma. Gen. Comp. Endocrinol. 7: 37-43.

8. HOAR, W. S., and C. P. HICKMAN, JR. 1967. A Laboratory Companion for

General and Comparative Physiology. Prentice Hall, Inc., New Jersey.

9. HODKINSON, M., and A. HUNTER. 1970. Immune response of UDN-infected

salmon to .S’aprolegnia. J. Fish Biol. 2: 305-311.

10. HUNN, J. B., R. A. SCHOETTGER, and W. A. WILLFORD, 1968. Turnover
and urinary excretion of free and acetylated MS 222 by rainbow trout,

Salmo gairdneri. J. Fish. Res. Bd. Can. 25: 25-3 1.
11. IDLER, D. R., A. P. RONALD, and P. J. SCHMIDT. 1959. Biochemical studies

on sockeye salmon during spawning migration. VII. Steroid hormones in

plasma. Can. J. Biochem. Physiol. 37: 1227-1238.

12. MACKAY, W. C., and D. D. BEATTY. 1968. The effect of temperature on

renal function in the white sucker fish, Catostotnus comnmersonii. Comp.
Biochem. Physiol. 26: 235-245.

13. MARKOFF, W.. and Z. K. JATSCHEWA. 1939. Zbl. Bakt. Abt. II, c, 194
(quoted in Bisset, K. A. 1946).

14. POST, G. 1963. The immune response of rainbow trout (Salmno gairdneri) to
Aeromnonas hvdrop/zila. Utah State Dept. Fish and Game Pub. #63-7.

15. REICHENBACH-KLINKE, H., and E. ELKAN. 1965. The Principal Diseases

of Lower Vertebrates. Academic Press, N.Y.

16. ROBERTS, R. J. 1971. Studies on ulcerative dermal necrosis of salmonids. III.

The healing process in fish maintained under experimental conditions. J.

Fish Biol. 3: 221-224.

17. ROBERTSON, 0. H., S. HANE, B. C. WEXLER, and A. R. RINFRET. 1963.
The effect of hydrocortisone on immature rainbow trout. Gen. Comp.
Endocrinol. 3: 422-436.

18. ROTH, R. R. 1969. The renal and branchial imbibition and excretory indexes

in Catostomnus comninersonii treated with ‘H- labelled and carrier steroids.

Am. Zool. 9: 573-574.

19. SANDBERG, A. A., and W. R. SLAUNWHITE, JR. 1959. Transcortin: a corti-

costeroid binding protein of plasma. II. Levels in various conditions and

the effects of estrogens. J. Clin. Invest. 38: 1290-7.

20. SANDBERG, A. A., and W. R. SLAUNWHITE, JR. 1963. Transcortin: a

corticosteroid binding protein of plasma. V. iii vitro inhibition of cortisol
metabolism. J. Clin. Invest. 42: 51-54.

21. SMITH, W. W. 1940. Production of antibacterial agglutinins by carp and trout

at 10 C. Proc. Soc. Exptl. Biol. Med. 45: 726-729.
22. STUART, M. R., and H. T. FULLER. 1968. Mycological aspects of diseased

Atlantic salmon. Nature 217: 90-92.

23. WEDEMEYER. G. 1970. The role of stress in the disease resistance of fishes.

In: A Symposium on Diseases of Fishes and Shellfisbzes, Snieszko, S. F.,

ed. Fish. Soc. Sp. Pub. No. 5: 30-35.

Received for publication May 10. 1971

Downloaded From: https://bioone.org/journals/Journal-of-Wildlife-Diseases on 15 May 2024
Terms of Use: https://bioone.org/terms-of-use




