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ABSTRACT: Field observations indicating a possible effect of testosterone on the susceptibility of
teleosts to gyrodactylid infections were tested experimentally. Female rainbow trout Oncorhynchus
mykiss (O+) were injected with testosterone (5 or 10 pg) or vehicle alone (placebo) and subjected to
infection with Gyrodactylus derjavini Mikailov, 1975 through cohabitation with infected fish. The
number of parasites on testosterone-treated fish increased significantly compared to parasites on
untreated fish. The site selection of parasites differed shghtly between experimental groups. Infected
trout used for cohabitation expenenced a marked decrease in infection, indicating acquired resistance.
This was further supported by the different site selection of parasites on these fishes. The superficial
mucous cell density on the tail fins of testosterone-treated fish was not significantly lower than in the
placebo trout, whereas previously Infected fish with a low parasite burden showed a significantly
higher mucous cell density. A poss~bleimmunosuppressive effect of testosterone is discussed, but
although testosterone is likely to act on the trout immune system, the possibhty that the male sex hormone affects the parasites' reproduction directly cannot be excluded.
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INTRODUCTION

Several field studies have indicated that sexually
mature male teleosts are more susceptible to infection
with gyrodactylids than their female counterparts.
Thus, a number of ectoparasites, including Gyrodactylus sp., were recorded in higher intensities on the skin
of male brown trout Salmo trutta compared to females
(Pickering & Christie 1980). In addition, precocious
male salmon Salmo salar were found to harbour
remarkably higher burdens of G. salaris than younger
salmon (Malmberg & Malmberg 1993, Appleby & MO
1996).Recently, Appleby (1996) recorded significantly
higher infections with an unidentified Gyrodactylus
species on male sand gobies Pomatoschistus minutus
compared to female hosts during the breeding season.
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These field observations strongly suggest that male
sex hormones affect the susceptibility of the teleost
host to gyrodactylid infection. However, no experimental evidence has so far been presented to support
or refute these observations. Similarly, as Pickering
(1977) described a decline in mucous cell concentrations in the epidermis of spawning male trout, this
parameter has been suggested to influence host resistance to infection with external parasites. Further evidence of a protective role of high mucous cell densities
in salmonids against G, derjavini infections was presented by Buchmann & Uldal (1997) and Buchmann &
Bresciani (1997). Therefore, the present investigation
was undertaken to elucidate whether testosterone
levels in rainbow trout Oncorhynchus mykiss are associated with population densities of G. derjavini on the
host. In addition, the study examined whether testosterone treatment and acquired resistance to infection
were related to any change of mucous cell density.
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MATERIALS AND METHODS

aquarium donor fish had their adipose fin cut, the
testosterone fish were marked subcutaneously with
20 p1 of Alcian Blue (saturated solution in distilled
water) on the right dorsal flank and the placebo fish
were marked correspondingly on the left dorsal flank.
Parasite counting. Following infection the fish were
scrutinized weekly using a dissecting microscope with
sub-illumination (7 to 40x magnification). Prior to
examination fish were anaesthetized in methane tricaine sulfonate (MS 222) (80 mg 1-l). The location of
parasites on the host fins and body structures was
recorded according to Buchmann & Bresciani (1997).
In brief, the numbers of parasites on the tail fin, adipose fin, dorsal fin, pectoral fins, pelvic fins, anal fin,
corpus surface, head and the cornea1 surface were registered on individual anaesthetized trout. No movement of parasites to a different site due to the anaesthetic was seen in this or previous investigations.
Hormones and placebo. Hormone-treated rainbow
trout were injected intraperitoneally with either 10 pg
(experimental group 1) or 5 pg (group 2) of the synthetic androgen testosterone propionate (100 pg ml-l)
in a vehicle composed of peanut oil and benzyl alcohol
The)
vehicle
. alone was administered to
(50 mg IS'
controls (placebo).
Mucous cell counts. Following lethal anaesthesia
(200 mg 1-' MS 222 for 7 min) tail fins were cut from
uninfected fish before the experiment and from experimental fish in Week 6 and fixed in 10% neutral formalin. After 4 d fin material was rinsed in distilled water,
stained in Alcian Blue (1%) in acetic acid (3 %), rinsed
in distilled water and finally mounted on slides in
Aquamount and covered with a cover-slip. The total
number of superficial mucous cells per field (0.61mm2)

Fish. Female O+ rainbow trout (8.5 to 9.8 cm total
body length, 7.1 to 7.9 g total body weight) were
obtained from a parasite-free hatchery (Siglund Fish
Production, Msn, Denmark) and transported to the
laboratory in oxygenated hatchery water. Fish were
acclimatized in the system (temperature 11 to 12°C) for
5 wk before experiments started. Female hosts were
chosen to minimize the variation of the natural testosterone level.
Laboratory fish tanks. Rainbow trout were kept in
two 200 1 volume glass aquaria containing 100 1 tap
water. Water quality monitoring, internal recirculation,
water exchange and aeration were performed as
described previously (Buchmann & Uldal 1997).
Experimental design. One aquarium contained 14
trout injected with 10 pg testosterone each, 12 placeboinjected fish and 9 infected donor fish (see below). The
other tank contained 14 trout injected with 5 pg testosterone each, 11 placebo-injected fish and 10 donor fish.
Thus, both untreated, treated and donor fish were subjected to the same infection pressure and the same
water quality. The infection level was then recorded in
all fish groups in the 2 aquaria for a total of 6 wk.
Temperature. The aquaria were located in a thermostat-regulated room with uniform temperature (11 to
12°C).
Light. The cold room was illuminated by artificial
light, applying a 12 h light:12 h dark cycle.
Feed. In order to secure water quality and to prevent
excessive metabolic activity of the host the fish were
fed a restricted diet ( 3 % of the fish biomass a week) of
commercial pelleted trout feed (Dana Feed A/S, Denmark).
Parasites. The rainbow trout were
Table 1. Gyrodactylus dejavini infecting Oncorhynchus mykiss. Mean inteninfected with a laboratory strain of Gyrosity (SD) of infection in experimental groups during the 6 wk period of invesdactylus derjavinj ~ i k ~ i 1975
l ~ origi~ ,
tigation. 'Significantly different from placebo group, p < 0.05. "Signifinally isolated from a Danish trout farm
cantly different from initial infection level in donor fish, p < 0.05
(Paelebro Dambrug) in May 1996.
Infection method. Uninfected fish were
Week l Week 2 Week3 Week 4 Week 5 Week 6
exposed to parasites by cohabitation.
Rainbow trout with a well-characterized
90.1
155.2
2.9
17.7
43.3'
Testosterone
0
(21.8)
(45.6)
(52.2)
(16.2)
experimental 6 wk old infection (donor
(4.1)
(0.0)
5 P9
fish) were introduced into aquaria with
15
32.7
69.4
Placebo
0
3.0
115.0
previously uninfected trout (recipient
(19.8)
(57.5)
(3.7)
(11.1)
(0.0)
(0.8)
5 Pg
fish). The donor fish used harboured
53.8"
39.0"
25.5"
127.4
52.2"
50.5"
Donor fish
infections from 23 to 251 parasites per fish
(17.7)
(15.2)
(11.3)
(11.3)
(67.8)
(24.1)
5 P9
at the start of the experiment. In this way
0
4.2
36.0'
95.3'
224.4
324.2
Testosterone
a total of 1274 and 1279 parasites, respec(74.1)
(70.3)
(8.4)
(17.9)
(0.0)
(2.8)
10 P9
tively, were introduced into the 2 experiPlacebo
0
54
26.6
68.3
183.8
250.7
mental aquaria. During the following 2 wk
(45.3) (127.3)
(17 7)
(3 9)
(10.8)
(0.0)
10 ~g
all fish became infected.
121.3
79.2"
79.5"
69.8"
Donor flsh
142.1
130.4
Tagging of fish. To differentiate be(97.5)
(97.4)
(89.5) (106.4)
(105.6)
10 PS
(86.7)
tween experimental groups in the same
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were then counted in a compound microscope (200 X
magnification) using a gridded ocular. The 3 outermost fields in the mid fin were counted.
Calculations and statistics. The mean intensity of
infection in the experimental groups was calculated
according to Margolis et al. (1982).For every sample
the proportion (%) of the total parasite population
located in a particular site on the fish was calculated
to reveal any change of site predilection in the different groups during the investigation. Student's t-test
was conducted to detect differences of means. These
were accepted as significant at a probability level of
0.05.
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RESULTS

Infection level
During the first week of cohabitation testosteronetreated and untreated fish were infected to the same
extent with no difference in mean intensity. However, over the next 4 wk hormone-treated rainbow
trout experienced a markedly higher buildup of
infection compared to placebo fish with significant
differences in Weeks 3 and 4 (10 pg testosterone
group) and Week 4 (5 pg testosterone group) (Table 1).
The donor fish with a well-characterized previous
infection exhibited in both aquaria a significant
reduction of their parasite burden during the same
period.

b

;

Differences in site selection
No differences between site selection of the 2 hormone-treated groups were detected and they were
pooled when compared to the placebo groups for this
parameter. Initially, all groups harboured the highest
number of parasites on the pectoral fins, the tail fin,
the pelvic fin and the body proper (Fig. 1).In the first
3 wk hormone-treated fish differed from placebo fish
in that they carried a larger number of gyrodactylids
on the body. Placebo fish, in contrast, showed more
parasites on the pelvic fins. In both these groups the
pectoral fins carried almost half of the parasites at
1 wk post-infection (Week 2). This proportion decreased markedly during the next 6 wk in all groups

Fig. 1. Site selection of Gyrodactylus derjavini on rainbow
trout under different experimental conditions: (a) testosterone-treated fish; (b) placebo-treated fish; (c) donor fish.
Significantly fewer parasites were found on the pectoral
fins of untreated fish compared to hormone treated fish in
Week 6 (p < 0.05)
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but significantly more in untreated fish (Fig, l a , b). The
corneal surface became infected but no differences
between hormone and placebo groups were detected.
In contrast, a clear difference in site selection between
previously infected and primary infected fish was evident throughout the period of investigation. The proportion of parasites located on the corneal surface was
significantly higher in primed fish (donors) compared
to unprimed (testosterone and placebo) fish. In addition, the pectoral fins in donor fish harboured a significantly lower proportion of the parasites and throughout the period of investigation the body proper and the
tail were preferred parasite zones (Fig. lc). However, it
should be noted that, due to the large surface area of
the body, the parasite density in this body part was
low.

Mucous cell counts
No differences in mucous cell densities between
testosterone-treated and untreated trout were detected at any time but both groups exhibited lower
counts than the uninfected fish. In contrast, the donor
fish showed a significantly increased mucous cell
density in the tail fin (Table 2). Some of these cells
appeared morphologically different, exhibiting smaller
diameters and in some areas patchy localization.

DISCUSSION

The present study has confirmed that testosterone
injection of rainbow trout positively affects the population buildup of the ectoparasitic monogeneans Gyrodactylus derjavini on the skin of the host. Although
much variation in abundance was present and made
the differences non-significant in the last 2 wk of

Table 2. Oncorhynchus mykiss. Mucous cell density of the 3
outermost zones in the tail fins from (1) untreated and uninfected rainbow trout, from (2) trout injected with 10 pg
testosterone and infected, from (3) placebo trout (infected)
and from ( 4 ) donor fish after relative recovery from infection
(Week 6). 'Significantly different from testosterone and
placebo fish, p < 0.05
Untreated

No. of zones
counted

30

Testost.- Placebo Donor
treated
fish
27

27

30

Mean no. of
111.7'
mucous cells zone-'

71.3

70.1

169.3'

SD

32.3

20.9

69.8

40.5

investigation, a general trend towards a higher abundance in hormone-treated hosts was evident. At least 2
mechanisms can be suggested to explain this effect,
i.e. both an immunosuppressive effect on the host
induced by testosterone and a direct reproductionenhancing effect of the sex hormone on the parasites
can be hypothesized as causes. It is acknowledged that
sex hormones interfere with the host resistance to parasitic infections through a number of immunological
interactions (Roberts et al. 1996). Thus, in mammalian
parasite host systems testosterone has been found to
depress the immune response of rats to intestinal
nematodes (Tiuria et al. 1994).We have obtained some
circumstantial evidence that the recorded G. d e j a v i n i
population increase following testosterone injection is
(at least partly) caused by an immunosuppressing
effect of the male sex hormone. Part of this evidence is
the dynamic variation of site selection on the host, a
parameter which has been suggested to reflect the host
response (Buchmann & Bresciani 1997). Indeed, variations in the parasite site selection in the 2 rainbow trout
groups indicate that some response mechanisms differ
weakly between the 2 experimental groups. Thus, the
possibility that testosterone injection interferes with
the host response to gyrodactylids on the pectoral fins
cannot be excluded. Changes in site selection of gyrodactylids on the hosts during a period of infection were
previously noted by Harris (1988) and Cone & Cusack
(1989). Later findings of this phenomenon have been
interpreted as being an escape of parasites from localized immune reactions in the skin (Richards & Chubb
1996, Buchmann & Bresciani 1997, Buchmann & Uldal
1997).
Acquired immunity to infection was indeed clearly
demonstrated in the donor fish used for the cohabitation in the present study. These trout, previously
infected by a large number of parasites in the preceding 6 wk, were able to reduce the infection intensity to
a low level despite the high infection pressures in the
fish tanks. Similar reports of acquired immunity to
monogenean infections in other teleosts have previously been presented by Jahn & Kuhn (1932), Nigrelli
& Breder (1934), Paperna (1964), Molnar (1971),
Vladimirov (1971), Lester (1972), Scott & Robinson
(1984), Slotved & Buchmann (1993), Bondad-Reantaso
et al. (1995) and Richards & Chubb (1996). In addition,
rainbow trout have previously been shown to respond
to infections with Gyrodactylus salaris (Bakke et al.
1991) and with G. colemanensis (Cone & Cusack 1989).
In our experiment donor rainbow trout exhibited a
marked host response and a large proportion of the
parasites escaped from the pectoral fins to the
irnmunologically safe corneal surface and tail fin,
where mucous cells are absent or few (Buchmann &
Bresciani 1997). The body surface also carried a sub-
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stantial number of gyrodactylids but, due to the large
surface area there, parasite density was low compared
to the cornea, which has a very small surface area
(Buchmann & Bresciani 1997). The localization of
monogeneans on the cornea of some fishes was mentioned by Jahn & Kuhn (1932) and Nigrelli & Breder
(1934). This made Llewellyn (1957) (cited by Kearn
1976) suggest the lack of vascularization in the cornea
as the causative factor for this predilection. In addition
to this, Buchmann & Uldal (1997) and Buchmann &
Bresciani (1997) presented evidence that the absence
of mucous cells in the cornea could explain colonization of the cornea in the later stages of infection when
the host immune system has been activated. The
mucous cell density and the associated amount of
immunologically active immune substances in these
cells are likely to affect parasite localization. This is in
accordance with studies on mammals in which intestinal goblet cells have been found to act as an important
barrier against helminth infections (Ishikawa et al.
1994). Further, Wells & Cone (1990) presented evidence that the mucous cell count decreases during an
infection of rainbow trout with G. colemanensis. This
indicates active involvement of these cells in the host
response. Mucous cell density was therefore measured
in the present study and it was actually found to differ
between groups. Compared to uninfected fish both
hormone-injected and placebo fish showed a marked
decrease in cell density after infection. The testosterone-treated fish showed no significant lowering of
cell density compared to placebo fish, but the highly
responsive donor fish showed a clearly elevated count
compared to both groups. There were indications that
this elevation was caused by regeneration of cells. This
bears resemblance to studies on intestinal goblet cells
responding to intestinal parasites in the later stages of
infection. In these cells at those stages alterations of
the mucins are seen when worms are expelled
(Ishikawa et al. 1994).As no differences in mucous cell
counts were found between hormone-treated and
untreated fish, this particular parameter did not indicate the presence of an immunosuppressive effect
caused by testosterone (provided that rainbow trout
mucous cell density reflects the host's ability to resist
gyrodactylid infection).
Although some evidence has been presented to
suggest that testosterone has an immunosuppressive
effect in rainbow trout, other possible explanations of
the observed population increase of Gyrodactylus
dejavini should not be excluded. We have presented
no evidence to reject the possibility that testosterone
positively and directly enhances reproduction of the
gyrodactylids. In addition, it should be noted that the
2 possibilities are not mutually exclusive. Classical
studies have actually demonstrated that reproduction
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of monogeneans from the genera Polystoma and Diplozoon are affected by sex hormones from the host (see
Smyth 1976) and such interactions are still possible in
the rainbow trout /G. derjavini system.
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