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Abstract
A case of 100% mortality in cultured sharpsnout sea bream (Diplodus puntazzo) caused by
Ceratomyxa diplodae after sustained steroid treatment for induction of sex inversion is described.
The pathology caused by the parasite as well as the possible association of the hormone treatment
with the mortality is discussed.
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Sharpsnout sea bream, Diplodus puntazzo
(Cetti, 1777) has been successfully introduced
to Mediterranean aquaculture and is consid-
ered a species with high market value
(Divanach et al., 1993; Papandroulakis et al.,
2004).  However, the myxosporean parasites
Enteromyxum leei and Ceratomyxa sp. have
been found to infect sharpsnout sea bream in
Greece (Athanassopoulou et al., 1999) and in
Italy (Merella et al., 2005),  threatening the
industrial scaling-up of farming this species.
Due to its sequential hermaphroditic nature,
another prerequisite for successful breeding
of the species is the control of the sex ratios of
cultured broodstock and the ability to under-
take genetic selection. The use of sex steroids
and gonadotropins to regulate sex differen-
tiation and gametogenesis has been success-
fully exploited in fish farming for the induc-

tion of sex change in both gonochoristic and
hermaphroditic fishes (Hunter & Donaldson,
1983; Pandian & Sheela, 1995).  Estrogens,
mainly 17b-estradiol (E2), are used for the
feminization of fish prior to sex differentia-
tion or for the induction of male-to-female
inversion in protandrous hermaphrodites
(Piferrer, 2001; Gorshkov et al., 2004).
Masculinization prior to sex differentiation,
or female-to-male sex inversion can be
achieved by treatment of protogynous her-
maphrodites with androgens such as testo-
sterone (T), 11-keto T (11-KT) or the synthetic
17b-methyltestosterone (MT) (Kitano et al.,
2000).

This paper describes an incident of high
mortality caused by Ceratomyxa diplodae
(Myxosporea) in the protandrous
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hermaphodite sharpsnout sea bream after
sustained treatment with E2  in order to induce
sex inversion.

Two-year-old sharpsnout sea bream from the
same stock, having a mean (±SD) body weight
of 206 ±45 g and length of 213 ±17 mm were
allocated into three different groups (n = 32).
Each group was held in a separate 2-m3 tank
with a continuous supply of surface seawater
(dissolved oxygen : >80%; salinity 38 psu;
temperature 15 ±1oC) and fed ad libitum with
commercial feed (Excel 2nd period, Hendrix,
Italy).  The fish were given either E2 or MT
controlled-release implants, whereas the third
group was sham-injected and served as
controls.  The E2 and MT implants were
produced using Ethylene-Vinyl Acetate
copolymers  (EVAc) as described earlier
(Mylonas et al., 1995; Sarter et al., 2006). The
implants were inserted into the epaxial muscle
just beneath the dorsal fin, using a special
syringe-type applicator, whereas the control
fish were punched with the syringe applicator
only.  Implantation was repeated monthly.
The release of the steroid hormones was
evaluated in vitro  as earlier described

(Mylonas et al., 1995).  The experimental
design called for fish (n = 10) from each
treatment group to be sacrificed after 6 and
12 weeks of treatment, and their gonads
dissected and processed for histological
analysis.  Before any handling, fish were
starved for 2 days. Sedation was performed
in groups of 2-3 individuals in a bath with
clove oil at 0.04 ml l-1 (dissolved first 1:10 v/v
in 96% EtOH). Mortality was recorded daily
and the dead fish were removed for necropsy,
during which internal organs were examined
under a microscope, and samples were
preserved for histology.  Tissues were fixed
in 4% formaldehyde: 1% glutaraldehyde
(McDowell & Trump, 1976), dehydrated in a
70-95% ethanol series and embedded in glycol
methacrylate resin (Technovit 7100, Heraeus
Kulzer, Germany). Serial sections were
obtained at a thickness of 3-5μm on a
microtome using disposable blades.  After
drying, slides were stained with methylene
blue/azure II/basic fuchsin (Bennett et al.,
1976) and examined under a light microscope.

The in vitro release from the E2 implants was
maximal 1 d after the onset of the assay and

Figure 1.  In vitro release of 17-β estradiol (E2) from
controlled-release implants used for long-term
treatment of sharpsnout sea bream (Diplodus
puntazzo) prospective breeders.  Mean (±SEM) of
n=4 measurements are presented.

Figure 2. Cumulative mortality curve of sharpsnout
sea bream prospective breeders after long-term
treatment with 17-β estradiol (E2) implants. The
arrows on the x-axis indicate the administration of
hormone implants. N= 32 fish.
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lasted for at least 32 days (Figure 1). The in
vitro release of MT peaked after 4 days with
the same duration (Sarter et al., 2006).  Earlier
studies have demonstrated that the in vivo
release from these implants correlates well
with the in vitro release (Mylonas et al., 1995).

Thirty-five days after the hormone treatment
commenced, we experienced an unexpected
mortality in the E2 group, eventually reaching
100% after 90 days (Figure 2). The cumulative
mortality in the MT group was only 3 out of
32. Due to this incident, sampling of gonads
from E2 fish for monitoring sex inversion was
omitted. Based on the necropsy and
histological findings, the mortality was
attributed to intense infestation by Ceratomyxa
diplodae (Myxosporea), which was present in
all dead fishes (Figure 3). The parasite was
mainly located in the gall-bladder, which was
enlarged by 2-3 times the normal size. More
than 100 parasites per microscope field were
seen at x200 magnification, and both
vegetative stages and spores were found.  The
trophozoites were variable in shape and size,

mostly amoeboid and spherical.  The most
abundant type was disporous plasmodia.  The
spores (N=30) were slightly curved 6.6 ± 0.5
μm in length and 24.0 ± 0.8 μm thickness.  The
polar capsules were spherical 2.7 ± 0.2 μm in
diameter.  Trophozoites were seen attached
to the epithelium lining which was very often
deformed with pyknotic nuclei and apoptosis.
Mature spores were free in the lumen.
Leucocyte infiltration was present in the
subepithelial connective tissue. Pancreatic
ducts were swollen and full of early parasitic
stages, in some cases detachment and necrosis
of the endothelium was present. No mortality
was recorded in the control group whereas
few parasites were present in the gall bladders
of the control fish examined.

The genus Ceratomyxa Thélohan 1892 is one
of the largest genera of Myxosporea,
including more than 130 species, most of
which are marine fish parasites (Palenzuela
et al., 1997). Ceratomyxa diplodae has been
described from the gall-bladder of annular sea
bream, Diplodus annularis (Lubat et al., 1989),
European sea bass (Sitja-Bobadilla & Alvarez-
Pellitero, 1993) and common dentex, Dentex
dentex (Rigos et al., 1997).  The identification
of the parasite was based on the
aforementioned descriptions and on the
proximity of the geographic location and host
families. Ceratomyxa diplodae has previously
not been considered very pathogenic to its
host, but can occasionally be found in high
densities (Alvarez-Pellitero & Sitja-Bobadilla,
1993).  In the present case, we hypothesize that
the long-term administration of E2 (and to a
much lesser extent MT) compromised the
immune response of the sharpsnout sea bream
to Ceratomyxa diplodae, leading to excessive

Figure 3. Fresh mount of Ceratomyxa diplodae spores
(A), disporoblasts (B) and trophozoites (C) from the
gall bladder of an E2-treated sharpsnout sea bream.
The inset picture has been digitally processed in
order to enhance distinctness. Bar = 20 μm.
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parasite proliferation.  Estradiol has been
shown  - in vitro and in vivo - to cause
immunosuppression in the goldfish, Carassius
auratus (Wang & Belosevic, 1994). In zebrafish,
Danio rerio, E2 increased the susceptibility of
the fish to bacterial infection (Christianson-
Heiska et al., 2004).    Testosterone has been
also considered immunosuppressant
(Grossman, 1984) and has been shown to
suppress specific antibody production of
lymphocytes from Chinook salmon,
Oncorhynchus tshawytscha (Slater & Schreck,
1993).

We suggest that further studies should
investigate the specific immunosuppressive
effects of steroid hormones in fish in vitro and
in vivo and focus on ways to overcome
possible problems. In the meantime, the
possibility of immunosuppression should be
taken into consideration when steroid
treatments are employed for broodstock
management in aquaculture.  Preliminary
investigation of the health status of the fish,
as well as precautionary addition of
immunostimulants and vitamins in the feed
might aid in preventing similar cases as
described above.
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