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Abstract

The effect of in vitro and in vivo treatments against Sparicotyle chrysophrii, a microcotylid parasite of gilthead sea bream
(Sparus aurata L.), was studied. In vitro chemical treatments were targeted to eggs, oncomiracidia and adults, and were tested both
as disinfectants and therapeutics for infected animals. The compounds were: distilled water, formalin, limoseptic ®, hydrogen
peroxide, chlorine, and praziquantel (PZQ). Larvae were sensitive to all the treatments, but adults were more resistant, as chlorine
(60 ppm – 1 h), hydrogen peroxide (100 ppm – 30 min) and PZQ (50 ppm – 30 min) produced only 10% mortality. All adults were
killed only with distilled water, limoseptic (0.1% – 5 min), formalin (300 ppm – 30 min), or hydrogen peroxide (200 ppm –
30 min). Eggs were the most resistant stage, as only 30 min in limoseptic (0.1% in distilled water) or in formalin (300 ppm)
prevented hatching. PZQ was used in vivo either as a curative or preventive treatment. The highest dose tested (400 mg kg−1 BW;
effective dose 116.3 mg kg−1 BW due to palatability problems leading to 45% reduction in host food intake) did not significantly
decrease prevalence of infection when given for 6 consecutive days. A lower dose (200 mg kg−1 BW) (effective dose 158.1 mg
kg−1 BW) was rejected to a lower degree and decreased the prevalence of infection from 90% to 40%. When a lower dose (40 mg
kg−1 BW) was administered for longer periods (20 days), food intake was reduced slightly, but the infection did not decrease
significantly. The oral intubation with PZQ (200 mg kg−1 BW) once a week for 4 weeks did not prevent the infection of fish by
cohabitation. However, a significant reduction in the abundance of the parasite was registered. In view of the results,
recommendations for fish treatment and disinfection of aquaculture facilities are discussed.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Gilthead sea bream (Sparus aurata L.) is the main
aquacultured fish species in the Mediterranean basin,
with more than 70,000 Mt in 2003 (APROMAR, 2004).
The exponential tonnage increase of the last years has
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been supported by the massive establishment of sea
cages, though it has also contributed to the extension
and dispersal of parasitic diseases (Sitjà-Bobadilla,
2004). One of them is the monogenosis produced by
the polyopisthocotylean Sparicotyle chrysophrii. This
ectoparasite has also been found in Diplodus puntazzo
(see Di Cave et al., 2003), though with lower infection
levels than in gilthead sea bream (Athanassopoulou
et al., 2005). Mortalities due to polyopisthocotyleans
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Table 1
Effects of various in vitro treatments on the different Sparicotyle
chrysophrii stages

Treatment Egg
hatching*

Larval
mortality
(%)

Adult
mortality (%)

Reactive (dose) Time

Sea water (SW) 1 h yes 0 0
Distilled water (DW) 5 min yes 100 100

30 min yes 100 100
Limoseptic ®

(0.1% in DW)
5 min yes 100 100
30 min no 100 100

Limoseptic ®
(0.1% in SW)

5 min yes 100 0
30 min yes 100 100

Formalin (300 ppm) 30 min no 100 100
1 h no 100 100

Chlorine (12 ppm) 1 h yes 100 0
Chlorine (60 ppm) 1 h yes 100 10
H2O2 (50 ppm) 30 min nd 80 0
H2O2 (100 ppm) 30 min nd 90 10
H2O2 (200 ppm) 30 min nd 100 100
PZQ (25 ppm in SW) 30 min yes nd 20
PZQ (50 ppm in SW) 30 min yes nd 10
PZQ (100 ppm

in SW)
50 min yes nd 10

*The efficacy against eggs is indicated as hatching occurring (yes) or
not (no). nd=not determined.
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have been described in several cultured fish species
(Kubota and Takakuwa, 1963; Silan et al., 1985;
Ogawa, 2002; Hayward, 2004, Sonia Ternengo, per-
sonal communication, Univ. Corsica, France), and some
of them are responsible for 22% of total production cost
(see Whittington et al., 2002). S. chrysophrii has caused
increased mortalities mainly in sea cages during spring
and summer (Faisal and Iman, 1990; Sanz, 1992;
Alvarez-Pellitero, 2004; Planas, 2006), but no data are
available on its economic impact. This parasite is
favoured by high densities and net biofouling (authors'
unpublished observations) and disease signs include
lethargy due to hypoxia, emaciation, histopathological
damage, severe anaemia. Mixed infections with other
parasites and secondary bacterial infections are common
(Cruz e Silva et al., 1997).

Several treatments with various chemotherapeutants
against monogeneans have been reported (Schmahl,
1991, 1993), with certain species showing low suscep-
tibility to chemicals. However, fewer reports on
experimental treatments against microcotilids are avail-
able (Kim and Choi, 1998; Kim et al., 1998; Katharios
et al., 2006), and none deal with S. chrysophrii. Al-
though some reports had shown that monogenean eggs
are resistant to chemical treatments (Diggles et al., 1993;
Yoshinaga et al., 2000), most studies have concentrated
on the efficacy of chemotherapeutants for removal of
adult monogeneans from the host. On-site, cage treat-
ments for S. chrysophrii include formalin baths, net
removal and cleaning. In addition, different chemicals
are used in routine disinfections in fish farms. However,
the real efficacy of both chemotherapeutants and
disinfectants has not been monitored. Because of the
drawbacks of bathing infected fish with certain
compounds, especially in sea cages, the possibility of
administering parasiticides in the feed would be more
convenient. Therefore, the aim of the present work was
the assessment of the efficacy of different chemical
compounds against S. chrysophrii to be used both as
disinfectants and/or treatment of infected animals, using
a panel of in vivo and in vitro assays.

2. Materials and methods

2.1. Fish

Naturally infected gilthead sea bream were obtained
from a commercial fish farm and maintained in the
facilities of the Instituto de Acuicultura de Torre de la
Sal (IATS) in 500-L fiber-glass tanks receiving sand-
filtered sea water (open system, 37.5‰ salinity,
flow=20 L min−1), with an oxygen content higher
than 85% saturation. Upon arrival, some fish were killed
and checked as explained below for the presence of the
parasite. They were used both as a source of the different
parasitic stages tested in the in vitro treatments, and as
infected fish in the in vivo trials. In the latter, fish were
transferred to 250-L fiber-glass tanks and water was
mesh-filtered (10 μm), photoperiod followed the natural
cycle (40° 5′ N; 0° 10′ E) between November and
January, and water was heated (18–20 °C) to favour
parasite transmission.

For preventive in vivo treatments, non-parasitized
fish were also obtained from commercial farms, and
maintained under the same conditions as parasitized
fish. The absence of the monogenean was checked upon
arrival.

2.2. In vitro treatments

Parasitized fish were killed by a blow on the head,
bled to diminish blood content in gills, their gills arches
excised and the adult monogeneans gently removed and
immersed in Petri dishes containing sterilized sea water
(SW) with an antibiotic antimicotic mixture (100 U
mL− 1 penicillin, 100 μg mL− 1streptomycin, and
0.25 μg mL−1 amphotericin B) (SW-PSA) to prevent
bacteria proliferation. Only active worms were trans-
ferred to 6 well plates (Costar) with 5 mL of SW-PSA,
each well holding 40 μm-meshed cell strainers (Falcon).



Table 2
Results of the oral treatment with praziquantel in curative (CUR) and preventive (PREV) trials of gilthead sea bream

Praziquantel treatment Fish before treatment Fish after treatment

Type Dose (mg kg
BW−1)

Duration (days) Initial weight (g) N Infection Sampling Infection

I A P (%) AB MI Days N Group P (%) AB MI

CUR-1 200 158.1 6 76.8 30 100 13.6 13.6 7 10 T 40 4 10
10 NT 90 5.8 6.4

400 116.3 6 7 10 T 70 3.3 4.7
10 NT 90 5.8 6.4

CUR-2 40 24.7 20 90.1 20 100 52.4 52.4 21 7 T 42.8 9.1 15
7 NT 71.4 10.7 16

CUR-3 40 37.1 20 31.3 13 85.7 8 9.1 20 7 T 71.4 1.8 2
7 NT 85.7 4.7 5

PREV 200 1* 30.9 20 n.a. n.a n.a. 35 7 T 85.7 3.8a 4.5
7 NT 100 8b 8

The infection levels of Sparicotyle chrysophrii before and after the treatments are expressed as mean prevalence (P), abundance (AB) and mean
intensity (MI). Different superscript letters indicate statistically significant differences between the values of treated (T) and non-treated (NT) fish. In
CUR trials, the actual (A) dose was lower than the intended (I) one. n.a.=not applicable; ⁎One day per week, during 4 weeks.
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Eggs were harvested from tanks holding parasitized
fish. For this purpose, a PVC ring provided with a
250 μm-mesh was left for several days floating on the
water on the upper layer of the tank. After washing the
mesh with SW, the resulting volume was left to settle
down for 1 h in a 1-L graded cylinder, and the obtained
sediment was screened under an stereomicroscope. The
collected eggs were immersed in Petri dishes with SW-
PSA. Some eggs were incubated in 24-well culture
plates (Costar), each well holding 8 μm-meshed cell
culture inserts (Falcon) for several weeks until hatching
occurred (20 °C, 12 h light/12 h darkness). Egg shells
were removed, and the inserts containing the newly
hatched oncomiracidia (1 day old) were transferred to
other plates containing the different compounds to be
tested. Another batch of eggs was directly used for the
treatments without incubation. In the latter case, eggs in
different stages were included. The number of eggs in
each well was different and estimated separately be-
cause it was impossible to disentangle them from the
egg filaments.

Batches of eggs (at least 30 eggs), freshly hatched
oncomiracidia (10) and adults (10) were separately
allocated in each of the insert/strainer-holding wells
containing the different compounds. Details on the con-
centrations of the compounds and timing can be found
Fig. 1. A. Freshly hatched oncomiracidium of S. chrysophrii before being used i
B. Immobilized oncomiracidia after formalin treatment (300 ppm – 30 min).C
point to the anterior ends. D. Fresh smear of adults isolated from the gills of in vi
Detail of an egg showing the typical hooked posterior end. G. Egg treated with f
limoseptic (0.1% DW-30 min) with a dead larva stuck at the opening end. Bar
in Table 1. Limoseptic® (a commercial mixture of 15%
formaldehyde, 5% glyoxal, 15% glutaraldehyde and
17% benzalkonium chloride) and sodium hypochlorite
were chosen to be tested as disinfectants, whereas hy-
drogen peroxide, formalin and praziquantel (PZQ) for
treatment of infected fish. Control wells contained SW-
PSA and wells with distilled water (DW) were used as
control of compounds dissolved in DW. To prevent
solubilization problems, PZQ working doses were
obtained from a concentrated solution (1000 ppm) in
100% ethanol. To discard the possible effect of ethanol
on the parasite, other control wells with the corre-
sponding percentage of ethanol were also included.

After the different treatments, the parasite stages
were washed three times by transferring the strains to
clean wells with SW-PSA. The same procedure was
applied to CTRL wells. Adult and larvae survival was
assessed by observation of all the specimens contained
in each well with an inverted microscope (Olympus,
IX71) during the treatment, just after washing and up to
48 h (every 12 h) after the treatment. Larvae were
considered dead when appeared lysed or their motility
was lost. Egg survival was assessed similarly, on a daily
basis, but the observation lasted for 2 weeks, which is
the average time for egg hatching under laboratory
conditions (20 °C, 12 h ligh/12 h darkness) (authors'
n in vitro treatments. Notice the dense ciliature covering the body surface.
. Adults attached to the gills of infected gilthead sea bream. Arrowheads
vo treated fish. E. Intermingled group of eggs before in vitro treatments. F.
ormalin (300 ppm – 30min) with a dead larva inside. H. Egg treated with
scales: 20 μm for A, F–H; 60 μm for B, D, E; 200 μm for C.
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unpublished observations). Sea water was changed
every 48 h during egg incubation. The efficacy of the
treatment was considered null when egg hatching was
not completely prevented. Most treatments were run
twice with different batches of the parasite. As the first
run did not include all the compounds and the results
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obtained were very similar to the second one, only data
of the second run are shown.

2.3. In vivo treatments

Several curative and preventive oral treatments were
performed with praziquantel (PZQ, Nanjing Pharmaceu-
tical Co. Ltd., China). Three different curative (CUR-1,
CUR-2 and CUR-3) trials were performed with naturally
infected gilthead sea bream, by feedingwith a commercial
pelleted food (Proaqua, Spain) adsorbed with different
doses of PZQ. In CUR-2 and CUR-3 the same PZQ dose
was administered, but the initial intensity of infection of
the fish was higher in the former. In all the CUR trials a
parallel group remained untreated (NT) and was fed at 1%
body weight (BW). Details on the fish, doses and timing
can be found in Table 2. The actual food intake was
registered for all the groups.

In the preventive (PREV) treatment, 20 non-parasit-
ized fish were orally intubated with PZQ under slight
anaesthesia (T group), whereas other 20 fish remained
untreated (NT group). T fish were starved 1 day prior to
intubation and received 0.2 mL of a 2.5% w/v PZQ
solution in ethanol:olive oil (5:95 parts), which resulted in
a dose of 200 mg kg−1 BW. Animals were observed until
recovery from anaesthesia and placed again in their tanks.
One day after the first oral intubation, the cohabitation of
both T and NT fish with 10 naturally infected fish each
was initiated in two separate tanks. Subsequently, T fish
received repeated doses of PZQ by the same procedure
every week during 1 month. A group of non-parasitized
fish was kept untreated and without contact with
parasitized fish in another tank, as control (CTRL).

The efficacy of the treatments was evaluated by
examination of seven (CUR-2, CUR-3, PREV-1) or ten
(CUR-1) randomly sampled fish from each group
(Table 2). Fish were killed by a blow on the head,
bled, the gill arches excised, and the number and type of
stages of the monogenean were recorded. The preva-
lence, intensity and abundance (sensu Bush et al., 1997)
of the parasite were calculated.

2.4. Statistics

The influence of the in vivo treatments on prevalence
of infection was analyzed statistically using a chi-
squared test of independence (Sokal and Rohlf, 1981),
with Yates correction for continuity when necessary. The
Fischer exact test was run when the expected values of
the contingency table were very low. A student t-test or a
Mann-Whitney rank sum test was used to compare the
abundance of parasites in treated and untreated fish in the
different in vivo trials. The statistical analyses were
performed with Sigma Stat (SPSS Science, Chicago, IL),
and the minimum significance was set at Pb0.05.

3. Results

3.1. In vitro treatments

Table 1 shows the results of the in vitro treatments
with the different compounds. Oncomiracidia (Fig. 1A)
were sensitive to all the treatments, as they died im-
mediately after exposure (Fig. 1B). Distilled water
lysed, as expected, the larvae. Adults (Fig. 1C–D) were
killed by all treatments, except chlorine (even at the
highest tested dose) and PZQ (mortality was only 20%
with the highest dose). No mortality was observed
among adults incubated with the corresponding amount
of ethanol, except in those with 10% ethanol (highest
PZQ dose), which had 16.7% mortality. Hydrogen per-
oxide was completely effective against adults only at the
highest dose tested. Limoseptic was totally effective
when prepared with DW, whereas egg hatching was not
prevented when prepared with SW. Eggs (Fig. 1E–F)
were the most resistant stage, as 30 min in limoseptic
(0.1% DW) or in formalin (300 ppm) were necessary to
prevent hatching completely. In some eggs, the
oncomiracidium appeared stuck at the tip of the egg or
dead inside the egg shell (Fig. 1G–H).

3.2. In vivo treatment with praziquantel

Table 2 shows the results of the oral treatment with
praziquantel. When high doses of PZQ were fed to the
fish for a short period of time (CUR-1), food intake was
reduced in T fish up to 45% in comparison to CTRL
animals. Thus, the intended doses of 200 and 400 mg
kg−1 BW were reduced to 158.1 mg kg−1 BW and
116.3 mg kg−1 BW, respectively. When lower doses at
longer times were fed, food intake was slightly reduced:
24.3% and 7.3% for CUR-2 and CUR-3, respectively.
Thus, palatability problems seem to be dose dependant.
In CUR-2, the actual PZQ dose was reduced further due
to the presence of the parasite, as non-treated parasitized
fish (NT) also had a reduced food intake (0.8% BW). In
none of the CUR trials the infection was completely
eliminated. The highest decrease of the infection (both
in terms of prevalence and intensity) was achieved with
the highest actual dose for a short time, but the chi-
squared test revealed no relationship between the
parasitic status and the treatment, and differences in
parasite abundance between T and NT fish were not
statistically significant.
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In the preventive trial, both T and NT fish became
infected with no significant difference in prevalence
(chi-squared test). However, parasite abundance was
significantly lower in T than in NT fish (t-test,
P=0.043). CTRL fish were not infected.

4. Discussion

One of the refrains of the fight against fish parasites is
the scarcity of registered antiparasitic preparations. In
Europe they have been progressively reduced and are
practically non-existent, whereas the efficacy and doses
of many drugs have been determined only for cold-water
species (Burka et al., 1997). In addition, the application
of some treatments to high numbers of fish is not feasible
or very expensive. Effective disinfection methods for all
the equipment used in aquaculture practice (nets, air
tubes and stones, tanks, containers, etc.) are important to
prevent horizontal transmission and parasite geograph-
ical dispersal (reviewed in Torgersen and Hastein, 1995).
In the present study, the efficacy of several compounds
(both disinfectants and therapeutics) against S. chryso-
phrii was demonstrated.

Formalin has been used as an effective therapeutic
compound not only in aquaculture, but also in zoo
medicine, aquarium industry, and to fight aquatic animal
diseases (see Wooster et al., 2005 and www.oie.int). It is
commonly used to treat ectoparasites and fungi both in
fresh and marine aquacultured fish. In the current study,
formalin was indeed effective in vitro against all the
stages of S. chrysophrii. However, different works have
shown the constrains in the use of formalin to control
monogenosis in live fish, partly due to the resistance
of parasite stages, and also to side effects on hosts
(Yildiz and Pulatsu, 1999). A 200 ppm 1 h-bath
removed all Microcotyle sp. from the sparid Pagrus
pagrus (Katharios et al., 2006), but it was ineffective
against M. hiatulae (Thoney and Hagris, 1991) and
Entobdella hippoglossi in Hippoglossus hippoglossus
(Svendsen and Haug, 1991). A 1 h-bath with 250 ppm
formalin reduced the occurrence of Gyrodactylus in
Nile tilapia, but not that of Dactylogyrus sp., and a 1 h-
bath of 50 ppm was not effective at all (Vargas et al.,
2003). Similarly, a 1 h-bath with 400 ppm formalin was
moderately effective for removing Benedenia seriolae
and Zeuxapta seriolae from Seriola lalandi gills, but a
large proportion of B. seriolae eggs and Z. seriolae
adults exposed to the treatment remained viable or
deposited viable eggs, respectively (Sharp et al., 2004).
A 400 ppm 25 min-bath was necessary for the removal
of adult and juvenile Polylabroides multispinosus from
the sparid Acanthopagrus australis (Diggles et al.,
1993). However, human health risks associated with
formalin treatments in aquaculture have been pointed
out (Wooster et al., 2005). Furthermore, some countries,
such as Japan, have forbidden its use in off-shore
cultures due to the harmful effect on the environment,
and others have restricted its use to a maximum dose of
170 ppm when used at temperatures greater than 10 °C
(FDA, USA).

Due to these security hazards and environmental
issues, alternative treatments are urgently needed. There-
fore, we monitored the possible efficacy of other com-
pounds, such as hydrogen peroxide. It was completely
effective against S. chrysophrii adults at the highest dose
tested (200 ppm), which is within the recommended
range (Rach et al., 1995). This strong oxidizing agent has
been previously used against bacteria (Rach et al., 2003),
amoeba (Powell and Clark, 2004), fungi (Marking et al.,
1994), protozoans (Montgomery-Brock et al., 2001),
crustaceans (Treasurer and Grant, 1997) and monoge-
neans (Rach et al., 2000; Ogawa, 2002; Mansell et al.,
2005). However, some reports have pointed out the
limited effect when mature parasites are embedded in the
branchial cavity wall, and the side effects on fish when
water temperature is high (Ogawa and Yokoyama, 1998;
Burka et al., 1997).

The possible efficacy of the anthelmintic praziquantel
(PZQ) was another alternative approach to treat
S. chrysophrii infected fish. PZQ is a synthetic
pyrazinoisoquinoline, which was chosen for its known
successful use against digenean and cestode infections in
mammals (reviewed by Martin et al., 1997). The drug
induces a Ca2+ influx across the worm tegument, causing
an immediate muscular contraction, rapid vacuolisation,
disruption of the tegument, and impairment of sucker
function (Redman et al., 1996). Although the target site
of the drug is probably a calcium permeable membrane
channel, the molecular mechanisms involved are still
unknown (Köhler, 2001). In the present study, we
investigated the efficacy of PZQ both in in vivo and
in vitro experiments. The results showed that PZQ is not
effective against S. chrysophrii adults and eggs in vitro,
even at the highest tested dose (100 ppm–1 h). When
orally administered with food, PZQwasmost effective at
the highest ingested dose (158 mg kg−1 BW), but it did
not completely eliminate the infection in fish. PZQ
preventive oral treatment did not prevent the infection
either, but reduced parasite abundance significantly. The
decrease in the infection levels observed in NT fish was
due to the experimental conditions, which do not favour
parasite transmission as much as farm conditions. In fish,
PZQ has been used both in oral and bath treatments
against monogeneans, including microcotylids, with

http://www.oie.int
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variable effectiveness depending on the parasite, stage,
host, dose, etc. (Buchmann, 1987; Schmahl and Mehl-
horn, 1985; Thoney, 1990; Silan et al., 1996; Kim and
Choi, 1998; Kim et al., 1998, 2001b; Tojo and
Santamarina, 1998; Kim and Cho, 2000; Janse and
Borgsteede, 2003). Furthermore, some authors have
pointed out the toxicity of PZQ (Onaka et al., 2003). In
most studies, total removal of the parasites was not
achieved, and thus the progressive re-infection of the
hosts and the continuous horizontal infection in the
facilities could not be avoided. A total efficacy of PZQ
has only been reported for very long-duration baths
(Chisholm and Whittington, 2002), and for high oral
doses (Kim et al., 1998; Rubio-Godoy and Tinsley,
2004). When Takifugu rubripeswas fed a diet containing
praziquantel at 40 mg kg−1 BW, horizontal infection was
prevented, but Heterobothrium okamotoi was not
completely eliminated from infected fish (Hirazawa
et al., 2000). These results are probably due to the fact
that PZQ is rapidly eliminated from the fish, and the
plasma levels decrease sharply between 24 and 48 h after
oral treatment depending on the dose and host species
(Kim et al., 2001a; Tubbs and Tingle, 2006). In our case,
the efficacy of the highest intended dose (400 mg kg−1

BW), which is also the highest one tested thus far in fish,
could not be evaluated due to palatability problems.
Furthermore, when the intensity of infection was very
high, treatment with food was very difficult due to fish
anorexia, as food intake was naturally reduced. The low
palatability is most probably due to the bitter taste of
PZQ, when used adsorbed to the pellets. Thus, if higher
doses of PZQ have to be used, the compound should be
mixed with the commercial food previously to pelleting
and certain additives should be included to mask the
bitterness.

Chlorine and limoseptic were tested as disinfectants
of water, surfaces and utensils. Chlorine treatments are
often used to kill pathogens on rearing equipment and in
wastewater of fish rearing and fish slaughtering facilities
(Jacobsen et al., 1989; Liltved and Landfald, 1995). In
the current work, chlorine was not completely effective
against S. chrysophrii, as 12 ppm for 1 h killed oncomi-
racidia but not adults, and even a dose of 60 ppm for 1 h
was not capable to kill adults or egg hatching. The
effectiveness of chlorine against monogeneans in in vitro
trials is variable. For Pseudodactylogyrus spp. a 3-
h treatment of 24-60 mg L−1 was necessary for the
complete eradication of oncomiracidia, and eggs were
only partially killed by exposing them to 12 and 36 mg
L−1 chlorine for 1 and 24 h (Umeda et al., 2006). For
H. okamotoi, 2.4 ppm for 1 h killed the oncomiracidia,
but a 24 h exposure to more than 60 ppm was needed to
prevent egg hatching completely (Hirazawa et al., 2003).
The hardness of the egg shell has led some authors to
consider monogenean eggs more resistant to chlorine
than fish viruses and bacteria (Hirazawa et al., 2003).

The commercial disinfectant limoseptic was effective
against all the parasite stages only when prepared with
DWand applied for 30 min. When prepared with SW, it
did not prevent egg hatching even at the longest
exposure time. These differences among the two pre-
parations cannot be completely attributed to the effect of
DW itself, since DW for 30 min did not prevent egg
hatching. Nevertheless, DW could contribute to perme-
ate limoseptic into the egg shell, preventing hatching.
Limoseptic is used as virucide, bactericide and fungicide
to disinfect surfaces in agropecuarian and hospital
facilities. The efficacy of the working solution against
fungi when used to dip utensils decreases with time, and
with the presence of organic material (Plaza et al.,
2006). Therefore, complete eradication of S. chrysophrii
eggs attached to the surfaces, requires disinfection of
aquaculture utensils for long times (N30 min), especially
in the presence of biofouling. Bathing solutions should
be renewed weekly.

In conclusion, in the absence of effective parasiticides
to be delivered with food, the application of long dis-
infection times for utensils and containers with limosep-
tic or similar biodegradable compounds should be
combined with removal of nets that contained the
infected animals, and baths-treatments of infected fish.
Considering the in vitro results, formalin and hydrogen
peroxide could be adequate for such purposes, but more
in vivo experiments are needed to determine the best
doses and timing. If this 3-step procedure is not applied
at the same time, re-infection can occur easily, as eggs
can resist attached to not properly disinfected nets and
surfaces.

Acknowledgements

Funding for this study was provided by the Spanish
Ministerio de Ciencia y Tecnología (project no. AGL-
2002-0475-C02-C01). The authors are grateful to M.
Alonso and P. Cabrera for excellent assistance in exper-
imental infections, and to Ramon Soriano (Andrés
Pintaluba S.A.) for providing the medicated food.

References

Alvarez-Pellitero, P., 2004. Report about fish parasitic diseases. In:
Alvarez-Pellitero, P., Barja, J.L., Basurco, B., Berthe, F. Toranzo,
A.E, (Eds.), Mediterranean Aquaculture Diagnostic Laboratories.
Zaragoza: CIHEAM/FAO. Série B: Etudes et Recherches, No. 49,
Options Méditerranéennes, pp. 103–129.



863A. Sitjà-Bobadilla et al. / Aquaculture 261 (2006) 856–864
APROMAR, 2004. La acuicultura marina de peces en EspañaAvail-
able at www.apromar.es/informes.asp2004.

Athanassopoulou, F., Ragias, V., Vagianou, S., Di Cave, D., Rigos, G.,
Papathanasiou, G., Georgoulakis, J., 2005. Report of Sparicotyle
(Microcotyle) chrysophriiVan Beneden and Hesse 1863, Atrispinum
seminalisEuzet andMaillard 1973 andPolylabris tubicirrus Paperna
and Kohn 1964 (Monogenea) on captive sea bream (Sparus aurata)
and sharp snout sea bream (Diplodus puntazzo) in coastal Greece and
Italy. Bull. Eur. Assoc. Fish Pathol. 25, 256–261.

Buchmann, K., 1987. The effects of praziquantel on the monogenean gill
parasite Pseudodactylogyrus bini. Acta Vet. Scand. 28, 447–450.

Burka, J.F., Hammell, K.L., Horsberg, T.E., Johnson, G.R., Rainnie,
D.J., Speare, D.J., 1997. Drugs in salmonid aquaculture – A
review. J. Vet. Pharmacol. Ther. 20, 333–349.

Bush, A.O., Lafferty, K.D., Lotz, J.M., Shostak, A.W., 1997.
Parasitology meets ecology on its own terms: Margolis et al.
revisited. J. Parasitol. 83, 575–583.

Chisholm, L.A., Whittington, I.D., 2002. Efficacy of praziquantel
bath treatments for monogenean infections of the Rhinobatos
typus. J. Aquat. Anim. Health 14, 230–234.

Cruz e Silva, M.P., Freitas, M.S., Orge, M.L., 1997. Co-infection by
monogenetic trematodes of the genus Microcotyle, Beneden and
Hese 1863, Lamellodiscus ignoratus Palombi, 1943, the protozoan
Trichodina sp. Ehrenber, 1838 and the presence of Epitheliocystis,
Vibrio algynoliticus and V. vulnificus in cultured seabream (Sparus
aurata L.) in Portugal. Bull. Eur. Assoc. Fish Pathol. 17, 40–42.

Di Cave, D., Athanasopoulou, F., Vagianou, F., Cardia, F., Orecchia, P.,
2003. Enlargement of the host range of microcotylids (Monogenea:
Polyopistocothylea) under fish-farming conditions. 11th Int. Conf.
EAFP, Malta, O-65.

Diggles, B.K., Roubal, F.R., Lester, R.J.G., 1993. The influence of
formalin, benzocaine and hyposalinity on the fecundity and
viability of Polylabroides multispinosus (Monogenea, Microcoty-
lidae) parasitic on the gills of Acanthopagrus australis (Pisces,
Sparidae). Int. J. Parasitol. 23, 877–884.

Faisal, M., Iman, E.A., 1990. Microcotyle chrysophrii (Monogenea:
Polyopisthocotylea), a pathogen of cultured and wild gilthead sea
bream,Sparus aurata. In: Perkins, F.O., Cheng, T.C. (Eds.), Pathology
in Marine Science. Academic Press, San Diego, CA, pp. 283–290.

Hayward, C., 2004. Polyospisthocothyleans and their impact on
marine fish culture. In: Buchmann, K. (Ed.), Diagnosis and
Control of Fish diseases. Frederiskberg Bogtrykkeri A/S, Freder-
iksberd, Denmark.

Hirazawa, N., Ohtaka, T., Hata, K., 2000. Challenge trials on the
anthelmintic effect of drugs and natural agents against the
monogenean Heterobothrium okamotoi in the tiger puffer Taki-
fugu rubripes. Aquaculture 188, 1–13.

Hirazawa, N., Goto, T., Shirasu, K., 2003. Killing effect of various
treatments on the monogenean Heterobothrium okamotoi eggs and
oncomiracidia and the ciliate Cryptocaryon irritans cysts and
theronts. Aquaculture 223, 1–13.

Jacobsen, P., Liltved, H., Efraimsen, H., 1989. Disinfection of effluent
from fish slaughteries. Aquac. Eng. 8, 209–216.

Janse, M., Borgsteede, F.H.M., 2003. Praziquantel treatment of captive
white-spotted eagle rays (Aetobatus narinari) infested with
monogean trematodes. Bull. Eur. Assoc. Fish Pathol. 23, 152–156.

Katharios, P., Papandroulakis, N., Divanach, P., 2006. Treatment of
Microcotyle sp. (Monogenea) on the gills of cage-cultured red
porgy, Pagrus pagrus following baths with formalin and
mebendazole. Aquaculture 251, 167–171.

Kim, K.H., Choi, E.S., 1998. Treatment of Microcotyle sebastis
(Monogenea) on the gills of cultured rockfish Sebastes schlegeli
with oral administration of mebendazole and biothinol. Aquacul-
ture 167, 115–121.

Kim, H.K., Cho, J.B., 2000. Treatment of Microcotyle sebastis
(Monogenea: Polyopisthocotylea) infestation with praziquantel in
an experimental cage simulating commercial rockfish Sebastes
schlegeli culture conditions. Dis. Aquat. Org. 40, 229–231.

Kim, K.H., Park, S.I., Jee, B.Y., 1998. Efficacy of oral administration
of praziquantel and mebendazole against Microcotyle sebastis
(Monogenea) infestation of cultured rockfish (Sebastes schlegeli).
Fish Pathol. 33, 467–471.

Kim, K.H., Kim, C.S., Kim, J.W., 2001a. Depletion of praziquantel in
plasma and muscle tissue of cultured rockfish Sebastes schlegeli
after oral and bath treatment. Dis. Aquat. Org. 45, 203–207.

Kim, K.H., Lee, E.H., Kwon, S.R., Cho, J.B., 2001b. Treatment of
Microcotyle sebastis infestation in cultured rockfish Sebastes
schlegeli by oral administration of praziquantel in combination
with cimetidine. Dis. Aquat. Org. 44, 133–136.

Köhler, P., 2001. The biochemical basis of anthelmintic action and
resistance. Int. J. Parasitol. 31, 336–345.

Kubota, S.S., Takakuwa, M., 1963. Studies on the diseases of marine-
cultured fishes-I. general descriptions and preliminary discussion of
fish diseases at Mie Prefecture. J. Fac. Fish., Prefect. Univ. Mie 6,
107–124.

Liltved, H., Landfald, B., 1995. Use of alternative disinfectants,
individually and in combination, in aquacultural waste water
treatment. Aquac. Res. 26, 567–576.

Mansell, B.M., Powell, D., Ernst, I., Nowak, B.F., 2005. Effects of the
gill monogenean Zeuxapta seriolae (Meserve, 1938) and treatment
with hydrogen peroxide on pathophysiology of kingfish, Seriola
lalandi Valenciennes, 1833. J. Fish Dis. 28, 253–262.

Marking, L.L., Rach, J.J., Schreier, T.M., 1994. Evaluation of
antifungal agents for fish culture. Prog. Fish-Cult. 56, 225–231.

Martin, R.J., Robertson, A.P., Bjorn, H., 1997. Target sites of
anthelmintics. Parasitology 114, S111–S124.

Montgomery-Brock, D., Sato, V.T., Brock, J.A., Tamaru, C.S., 2001.
The application of hydrogen peroxide as a treatment for the
ectoparasite Amyloodinium ocellatum (Brown 1931) on the Pacific
threadfin Polydactylus sexfilis. J. World Aquac. Soc. 32, 250–254.

Onaka, E.M., Martins, M.L., de Moraes, F.R., 2003. Albendazole and
praziquantel efficacy against Anacanthorus penilabiatus (Mono-
genea: Dactylogyridae), gill parasite of Piaractus mesopotamicus
(Osteichthyes: Characidae). I. Therapeutic baths. Bol. Inst. Pesca
(Sao Paulo) 29, 101–107.

Ogawa, K., 2002. Impacts of dicliclophorid monogenean infections on
fisheries in Japan. Int. J. Parasitol. 32, 373–380.

Ogawa, K., Yokoyama, H., 1998. Parasitic diseases of cultured marine
fish in Japan. Fish Pathol. 33, 303–309.

Planas, E., 2006. Principales enfermedades parasitarias en el cultivo de
peces de esteros. Prevención y tratamiento. In: de Andalucia, Junta
(Ed.), Consejería de Agricultura y Pesca, III Jornadas de
Acuicultura en el Litoral Suratlántico, Forma Animada S.L.L,
Spain, pp. 97–98.

Plaza, P., Bobillo, E., Costa, E., Usall, J., 2006. Limoseptic SF y total
shock en centrales hortofrutícolas. Eficacia de la desinfección de
envases y cámaras de conservación. Horticultura 24, 58–61.

Powell, M.D., Clark, G.A., 2004. Efficacy and toxicity of oxidative
disinfectants for the removal of gill amoebae from the gills of
amoebic gill disease affected Atlantic salmon (Salmo salar L.) in
freshwater. Aquac. Res. 35, 112–123.

Rach, J.J., Schreirer, T.M., Howe, G.E., 1995. Toxicity of hydrogen
peroxide to different life stage and species of fish. FHS/AFS
Newsl. 23, 12–14.

http://www.apromar.es/informes.asp


864 A. Sitjà-Bobadilla et al. / Aquaculture 261 (2006) 856–864
Rach, J.J., Gaikowski, M.P., Ramsay, R.T., 2000. Efficacy of hydrogen
peroxide to control parasitic infestations on hatchery-reared fish.
J. Aquat. Anim. Health 12, 267–273.

Rach, J.J., Schleis, S.M., Gaikowski, M., Johnson, A., 2003. Efficacy
of hydrogen peroxide in controlling mortality associated with
external columnaris on walleye and channel catfish fingerlings.
N. Am. J. Aquac. 65, 300–305.

Redman, C.A, Robertson, A., Fallon, P.G., Modha, J., Kusel, J.R.,
Doenhoff, M.J., Martin, R.J., 1996. Praziquantel: an urgent and
exciting challenge. Parasitol. Today 12, 14–20.

Rubio-Godoy, M., Tinsley, R.C., 2004. Immunity in rainbow trout, On-
corhynchus mykiss, against the monogenean Discocotyle saggittata
following primary infection. Parasitol. Res. 92, 367–374.

Sanz, F., 1992. Mortality of cultured sea bream (Sparus aurata) caused
by an infection with a trematode of the genus Microcotyle. Bull.
Eur. Assoc. Fish Pathol. 12, 186–188.

Silan, P., Cabral, P., Maillard, C., 1985. Enlargement of the host range
of Polylabris tubicirrus (Monogenea, Polyopisthocotylea) under
fish-farming conditions. Aquaculture 47, 267–270.

Silan, P., Birgi, E., Louis, C., Clota, F., Mathieu, A., Giral, L., 1996.
Aquaculture et ichthyoparasitologie : action in vitro du nitroxinil
(anthelminthique) sur Diplectanum aequans, Monogène ectopara-
site branquial du bar Dicentrarchus labrax. Rec. Méd. Vét. 172,
401–407.

Schmahl, G., 1991. The chemotherapy of monogeneans which
parasitize fish – a review. Folia Parasitol. 38, 97–106.

Schmahl, G., 1993. Up-to-date chemotherapy against monogenea – a
review. Bull. Fr. Peche Piscic. 328, 74–81.

Schmahl, G., Mehlhorn, H., 1985. Treatment of fish parasites. 1. Prazi-
quantel effective against monogenea (Dactylogyrus vastator, Dacty-
logyrus extensus, Diplozoon-paradoxum). Parasitol. Res. 71,
727–737.

Sharp, N.J., Diggles, B.K, Poortenaar, C.W., Willis, T.J., 2004.
Efficacy of Aqui-S, formalin and praziquantel against the
monogeneans, Benedenia seriolae and Zeuxapta seriolae, infect-
ing yellowtail kingfish Seriola lalandi lalandi in New Zealand.
Aquaculture 236, 67–83.

Sitjà-Bobadilla, A., 2004. Parasites in Mediterranean aquacultured
fish: current impact and future research directions. In: Mas-Coma,
S. (Ed.), Multidisciplinarity for Parasites, Vectors and Parasitic
Diseases, Medimond, Bologna, Italy.

Sokal, R.R., Rohlf, F.J., 1981. Biometry, 2nd ed. W.H. Freeman,
New York.

Svendsen, Y.S., Haug, T., 1991. Effectiveness of formalin, benzocaine,
and hypo-and hypersaline exposures against adults and eggs of
Entobdella hippoglossi (Müller), an ectoparasite on Atlantic
halibut (Hippoglossus hipoglossus L.). Laboratory studies. Aqua-
culture 94, 279–289.

Thoney, D.A., 1990. The effects of trichlorfon, praziquantel and
copper sulphate on various stages of the monogenean Benedeniella
posterocolpa, a skin parasite of the cownose ray, Rhinoptera
bonasus (Mitchill). J. Fish Dis. 13, 835–839.

Thoney, D.A, Hagris, W.J., 1991. Monogenea (Platyhelminthes) as
hazards for fish confinements. Annu. Rev. Fish Dis. 1, 133–153.

Tojo, J.L., Santamarina, M.T., 1998. Oral pharmacological treatments
for parasitic diseases of rainbow trout Oncorhynchus mykiss. II:
Gyrodactylus sp. Dis. Aquat. Org. 33, 187–193.

Torgersen, Y., Hastein, T., 1995. Disinfection in aquaculture. Rev. Sci.
Tech. Off. Int. Epizoot. 14, 419–434.

Treasurer, J.W., Grant, A., 1997. The efficacy of hydrogen peroxide for
the treatment of farmed Atlantic salmon, Salmo salar L infested
with sea lice (Copepoda: Caligidae). Aquaculture 148, 265–275.

Tubbs, L.A., Tingle, M.D., 2006. Bioavailability and pharmacokinet-
ics of a praziquantel bolus in kingfish Seriola lalandi. Dis. Aquat.
Org. 69, 223–238.

Umeda, N., Nibe, H., Hara, T., Hirazawa, N., 2006. Effects of various
treatments on hatching of eggs and viability of oncomiracidia of
the monogenean Pseudodactylogyrus anguillae and Pseudodac-
tylogyrus bini. Aquaculture 253, 148–153.

Vargas, L., Povh, J.A., Ribeiro, R.P., Moreira, H.L.M., Loures, B.T.R.R.,
Maroneze, M.S., 2003. The effects of sodium chloride treatment and
formalin on the occurrence of external parasites in sexually reverted
fingerlings Nile tilapia (Oreochromis niloticus). Arq. Cienc. Vet.
Zool. UNIPAR 6, 39–48.

Whittington, E.I., Corneillie, S., Tabot, C., 2002. Monogenean
parasites in sea-cage aquaculture. Austasia Aquac. 2, 46–48.

Wooster, G.A., Martinez, C.M., Bowser, P.R., 2005. Human health
risks associated with formalin treatments used in aquaculture:
initial study. N. Am. J. Aquac. 67, 111–113.

Yildiz, H.Y., Pulatsu, S., 1999. Evaluation of the secondary stress
response in healthy Nile tilapia (Oreochromis niloticus L.) after
treatment with a mixture of formalin, malachite green and
methylene blue. Aquac. Res. 30, 379–383.

Yoshinaga, T., Segawa, I., Kamaishi, T., Sorimachi, M., 2000. Effects
of temperature, salinity and chlorine treatment on egg hatching of
the monogenean Neoheterobothrium hirame infecting Japanese
flounder. Fish Pathol. 35, 85–88.


	In vivo and in vitro treatments against Sparicotyle chrysophrii (Monogenea: Microcotylidae) par.....
	Introduction
	Materials and methods
	Fish
	In vitro treatments
	In vivo treatments
	Statistics

	Results
	In vitro treatments
	In vivo treatment with praziquantel

	Discussion
	Acknowledgements
	References


