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The microcotylid Sparicotyle chrysophrii is one of the most harmful parasites for the aquaculture of the gilthead seabream Sparus
aurata, for which effective treatments are needed. The efficacy of dietary praziquantel (PZQ, 30-50 mgkg body weight ™" day™"),
emamectin benzoate (EMB, 0.015-0.050 mgkg BW ™' day™"), and fenbendazole (FBZ, 40-75 mgkg BW ™' day™") against S. chryso-
phrii on gilthead seabream was tested in four different in vivo challenge trials. Specimens of gilthead seabream naturally infected
with S. chrysophrii were maintained in three separate recirculating aquaculture systems of 142 L (1 control vs. 2 treated). Fish were
fed (ration 1.2% BW dayfl) 5 days a week for 4 weeks, alternating weeks with medicated and control feed. On days 0, 14, and 28,
samples of 7-9 fish per group were collected and the gills were examined for S. chrysophrii. The gills of hosts treated with EMB and
FBZ were evaluated by histopathology. The trials showed that in-feed PZQ has low palatability, causing rejection which did not
allow its efficacy to be adequately investigated. While dietary EMB was associated with adverse effects, such as gill de-
epithelialisation and necrosis, with no demonstrated efficacy against S. chrysophrii. On the other hand, all the fish treated with
FBZ lost all parasites, showing 100% efficacy and also suggesting a preventive/repellent action against the monogenean. In
conclusion, the present study provides indications for the use of dietary FBZ as a medical device for the treatment/prophylaxis
of sparicotylosis in aquaculture.

adverse environmental impact, and increased stress for the
fish [6, 7, 8]. On the other hand, the dietary application of
antiparasitic drugs has numerous advantages in addressing

1. Introduction

The monogenean microcotylid Sparicotyle chrysophrii (Van

Beneden & Hesse, 1863) Mamaev, 1984 is a gill parasite that
poses a significant threat to gilthead seabream Sparus aurata
Linnaeus, 1758 (Osteichthyes, Sparidae) farming in Mediter-
ranean cages [1, 2, 3, 4]. A common method to treat mono-
geneans is formalin bath [5]. However, this approach has
several drawbacks, such as risks to the health of workers,

problems associated with formalin [4, 5, 9].

Among the compounds used for in-feed treatments of
monogeneans, praziquantel (PZQ), a synthetic pyrazino-
isoquinoline, is often described as one of the most promising
compounds against platyhelminths in aquaculture [10]. Sev-
eral studies have shown its efficacy against monogeneans by
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Taste 1: Compounds, drugs, and doses used to prepare the experimental medicated feeds (feeding ration 1.2% body weight day™").

Compound Drug Treatment mgkgBW™'d™! mg comp kg feed™!
PZQ-L 30 2.5000

Praziquantel Fluke-Solve'

raziquante uke-Solve PZQH <0 41667
EMB-LL 0.015 0.00125

Emamectin benzoate Lice-Solve? EMB-L 0.030 0.00250
EMB-H 0.050 0.00420
FBZ-L 40 3.3333

Fenbendazol P Forte’

enbendazole anacur Forte FBZ.-H 75 6.2500

"Fluke-Solve™ 50 g (Vetark, Winchester, SO23 9SQ, United Kingdom; Candioli Pharma srl, Beinasco, TO, Italy), praziquantel 50%. *Lice-Solve™ 10 g
(Vetark, Winchester, United Kingdom; Candioli Pharma srl, Beinasco, TO, Italy), emamectin benzoate 1.4%. *Panacur® Forte tablets 500 mg (MSD Animal
Health srl, Segrate, MI, Italy; Intervet International BV, Boxmeer—Netherlands), fenbendazole 500 mg, excipients up to 780 mg (64.1%). Abbreviations: BW,

body weight; LL, extra low; L, low; H, high.

oral administration on diverse fish groups, e.g., the puffer
Takifugu rubripes (Temminck & Schlegel, 1850) infected
with Heterobothrium okamotoi Ogawa, 1991 [11], the amber-
jacks Seriola spp. infected with Benedenia seriolae (Yamaguti,
1934) Meserve, 1938,Neobenedenia girellae (Hargis, 1955)
Yamaguti, 1963 and Zeuxapta seriolae (Meserve, 1938) Price,
1962 [9, 12, 13, 14], and the silver perch Bidyanus bidyanus
(Mitchell, 1838) infected with Lepidotrema bidyana Murray,
1931 [7]. Dietary inclusion of PZQ against S. chrysophrii was
tested by Sitja-Bobadilla et al. [2] and Merella et al. [15] with-
out significant results, due to the reduced consumption of
PZQ-medicated feed, consequently reducing the impact for
the administration of subtherapeutic doses. This issue was
apparently due to the low PZQ palatability, as reported by
several authors (i.e., Williams et al. [9]; Forwood et al. [7];
Partridge et al. (2014) [13]; and Norbury et al. [10]). Recently,
Rigos et al. [16] have successfully administered dietary PZQ to
the gilthead seabream, thanks to the incorporation of krill into
the feed to induce a masking effect, achieving significant
results for the control of S. chrysophrii on S. aurata.

The benzimidazoles fenbendazole (FBZ) and febantel are
commonly used in aquaculture for monogeneans, cestodes,
and nematodes [17, 18]. Forwood et al. [7] and Gupta et al.
[8] used fenbendazole on B. bidyanus and Labeo rohita
(Hamilton, 1822) infected with L. bidyana and Dactylogyrus
sp., respectively; Ogawa [19] and Kimura et al. [20] success-
tully experimented in-feed febantel on T. rubripes infected
with H. okamotoi. Recently, Merella et al. [15] suggested
dietary FBZ as effective against S. chrysophrii on S. aurata.

Avermectins are mainly used in aquaculture to control
copepod infections in farmed salmon by oral administration
of emamectin benzoate (EMB) [21]. These compounds are
often described as potentially effective against monogeneans
(e.g., [22, 23]), but according to Buchmann and Bjerregaard
[24], they act primarily on the GABA-system and are not
expected to have efficacy on platyhelminths. Despite this,
avermectins are sometimes prescribed off-label for the treat-
ment of sparicotylosis (Merella P., pers. obs.). In this context,
it is important to investigate the efficacy of these drugs
against monogeneans, to reconsider their possible use or
definitively demonstrate their ineffectiveness.

This study aims to evaluate the efficacy of different dietary
applications of PZQ, FBZ, and EMB against S. chrysophrii,

through in vivo challenge trials on naturally infected hosts.
Possible findings related to EMB and FBZ treatments were
assessed by histopathological analysis of the gills. The changes
in the population structure of the parasite were evaluated in
relation to the different treatments.

2. Materials and Methods

2.1. Experimental Diets. Three compounds (PZQ, EMB, and
FBZ) were chosen for the trials and were administered at two
different doses (low, L; high, H), if necessary a further extra
low (LL) dose was considered, based on the literature
[2,7,8,9 10, 11, 12, 13, 14, 15, 19, 20, 21]. A commercial
extruded feed for the gilthead sea bream (“Vita 2,” 50%
protein, 20% lipid, pellet diameter 2.3-2.6 mm, Veronesi
Holding S.p.A., Verona, Italy) was used as reference feed,
and it was oil coated without medicaments for the control.
The inclusion ratio of the three compounds in the control,
necessary to obtain the different doses, was calculated for a
feeding ration of 1.2% BW day ™. The amount of commercial
drugs to be added to the control feed for the different diets
was calculated based on the percentage of compounds in
each drug (Table 1 for details on the doses and drugs used).

2.2. Maintenance of Fish and Parasites in Captivity. For the
trials, specimens of S. aurata already infected with S. chryso-
phrii were maintained in three recirculating aquaculture sys-
tems (RAS) of 142 L, with independent and separate water
circulation, mechanical/biological filtration, control of tem-
perature (20—22° C), and photoperiod (12:12 hr light/dark).
Water quality was maintained at the optimal ranges for the
host (salinity 36-37%; oxygen 7-8 ppm; pH 7.8-8.2; free
ammonia, nitrites, and nitrates well below the threshold
values). Infected fish were collected at a fish farm in Sardinia
and transported alive by a specialised company authorised
for fish transportation (Panaque srl, Viterbo).

To maintain the infection of S. chrysophrii under experi-
mental conditions and favouring the completion of its biolog-
ical cycle, entangling and hatching of parasite eggs were
improved by placing handcrafted egg collectors into each
RAS. The egg collectors, similar to those described by Merella
et al. [15], were realised with a thin square nylon mesh
(I.4mm side), supported on a 9 cm square frame, hung on
one side, and ballasted on the opposite one (Supplementary I).
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FiGure 1: Graphical summary of the experimental design for the control (green) and medicated (light and dark red) feeds.

3. Experimental Design and Sampling

The experimental design was approved by the Italian Minis-
try of Health (Authorisation No. 700/2021-PR of 17/09/
2021). For each trial, infected specimens of S. aurata were
equally divided into the three RAS, forming three homoge-
neous groups (one control and two treated). The efficacy of
the diets with different doses was tested in four different
consecutive challenge trials. Based on the chronobiology of
the parasite [25], trials lasted 28 days (apart from the last one
which was of 14 days), starting 7-10 days after fish

acclimatisation (Figure 1). Trials 1-3 tested two different
doses of PZQ, EMB, and FBZ, respectively, and trial 4 tested
FBZ-L vs. EMB-LL. The details of the four trials are shown in
Table 2. For each trial, an extra sample of 10 specimens was
collected at the same farm, to evaluate the infection level of
S. chrysophrii and the mean host weight at the beginning of
the trials. Diets were administered 5 days a week, and the
control group was fed throughout the period with control
feed. The two treated groups started the first week with
medicated feed, followed by 1 week with control, another
of treatment to prevent reinfection with free-living larval
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TasLE 2: List of the trials performed.

Trial Date start Group 1 Group 2 Group 3 N. Fish W +£s.d. (g)

1 20/05/2022 Control PZQ-L PZQ-H 21 58.8+12.1

2 07/10/2022 Control EMB-L EMB-H 27 40.9+16.6

3 25/11/2022 Control FBZ-L FBZ-H 27 49.048.3

4 06/02/2023 Control FBZ-L EMB-LL 18 62.6+£10.4

N. Fish, number of specimens per group; W, mean weight of fish; s.d., standard deviation.

TasLE 3: Percentage of reduction of the mean abundance (MA) and prevalence (P%) of Sparicotyle chrysophrii on the gills of Sparus aurata

supplied by different medicated diets.

Inter-group

Intra-group

Group
MA (%) P (%) MA (%) P (%)
Trial 1
PZQ-L +4 0 0 0
PZQ-H +5 0 +5 0
Control — — -1 0
Trial 2
EMB-L +69 0 —6 0
EMB-H +39 0 —74 0
Control — — —255 0
Trial 3
FBZ-L +100 +100* +100* +100*
FBZ-H +100 +100* +100* +100*
Control — — +26 0
Trial 4
FBZ-L +100* +100* +100* +100*
EMB-LL +15 0 —131* 0
Control — — —114 0

*Significant differences between infection levels.

stages, and a last week with control (Figure 1). Feed was
provided by hand; in case uneaten feed was detected, pellets
were removed 15 min after administration and quantified to
assess the effective ration. On days 0, 14, and 28 after the
start of trials, a sample of 7-9 fish per each group was sacri-
ficed by percussive blow to the head, according to the Direc-
tive 2010/63/EU [26].

3.1. Parasitological Analysis and Statistics. After sampling,
the gills of each host were removed and all holobranchs
were examined under a stereomicroscope for S. chrysophrii.
Prevalence and mean abundance of the parasite were calcu-
lated according to Bush et al. [27]. To evaluate differences in
the S. chrysophrii population structure between the beginning
and end of the trials, the developmental stage of the parasite
was classified according to its chronobiology [25] into four
stages: Sy, 0-6 clamps; S;, 7-18 clamps; S,,> 18 clamps; and
S5, with eggs.

The significance (p <0.05) of the differences between the
pairwise comparison of prevalence and mean abundance of
S. chrysophrii was evaluated with the unconditional exact test
and the bootstrap two-sample t-test, respectively [28]. The
quantitative results were statistically analysed with the free
online software Quantitative Parasitology web 1.0.15 [28].

The efficacy of treatments was assessed as a percentage
reduction (%R) of the mean abundance and prevalence [29].
It was calculated inter-group (a treated group at the end of the
trial vs. the control group at the same time) and intra-group (a
group at the end of the trial vs. the same group at the start).

3.2. Histopathological Analysis. At the end of trials 2 and 3,
three fish from each group were sampled for histopatholog-
ical analysis; these hosts were not considered for parasite
counts. Gills were fixed in 10% buffered formalin for 48 hr,
dehydrated in increasing alcohol and xylene in an automatic
tissue processor, and paraffin-embedded, and then cut at
3um thickness (RM2245, Leica Biosystems). Slides were
stained with haematoxylin and eosin in an automatic multi-
stainer (ST5020, Leica Biosystems) and then evaluated under
light microscopy (Nikon Eclipse 80i). Histological findings
were classified to identify possible features related to treat-
ment exposure. Morphological aspects of parasites in gills
were evaluated according to Bruno et al. [30].

4. Results

4.1. Effectiveness of the Treatments and Percentage of
Reduction. Table 3 shows the percentage of reduction inter-
and intra-group of the mean abundances and prevalences for
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FIGURE 2: Percentage of ration ingested (control and medicated diets) in the four trials (a—d). “No treatment,” control feed administration
period also to the treated group; “humane endpoint,” anticipated end of the trial.

each trial, as well as any statistical significance found in the
differences between the levels of infection. The results of the
four trials carried out are described below.

4.2. Trial 1: Praziquantel (PZQ). This trial was largely influ-
enced by the almost total rejection (64%—93%) of the medi-
cated feed with PZQ at both doses (Figure 2(a)), while the
control feed was 100% ingested during the entire experimen-
tal cycle, both in control and in the treated groups during the
control feed administration periods (Figure 2(a)). No signifi-
cant differences were found between the levels of infection of
the parasite in the three groups during the whole trial. The
prevalence was always 100% in all groups, and the mean
abundance slightly fluctuated (Figure 3(a)) without signifi-
cant differences in either inter- or intra-group (Table 3). The
%R of the mean abundance was close to zero in both inter-
and intra-groups, and the %R of the prevalence was equal to
zero in all cases (Table 3).

4.3. Trial 2: Emamectin Benzoate (EMB). The diet with EMB
was well-accepted and always 100% consumed as the control
one (Figure 2(b)). Unfortunately, 21 days after the start of the

trial, an outbreak of the protist Cryptocaryon irritans Brown,
1951 (Ciliophora) caused severe clinical manifestations in
fish, leading to the anticipated conclusion of the trial (humane
endpoint).

No significant differences were found between the levels
of infection of the three groups. The prevalence was always
100% in all groups, and the mean abundance in control
varied slightly compared with the treated ones (Figure 3(b)),
without significant differences in either inter-group or intra-
group (Table 3). The %R of the mean abundance was gener-
ally low, and the greater value (69%) was that of EMB-L
(Table 3). It is worth noting the negative value of the %R
intra-group of EMB-H (-74%). The %R of the prevalence was
equal to zero in all cases (Table 3).

Histopathological findings of the gills of three fish from
each group, sampled at the end of the trial, were charac-
terised by mild to severe mononuclear inflammatory infil-
trate admixed with structures, characterised by an ovoid cell
(80—250 um) with a single basophilic crescent-shape macro-
nucleus, consistent with C. irritans, confirming the presence
of the parasite (Figure 4(A), 4(B), and 4(C)). The severity of the
inflammation was lower in control compared to the EMB-treated
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FIGURE 3: (a—d) Dynamics of the mean abundance of Sparicotyle chrysophrii in control and treated groups during the four trials.

groups, which also showed de-epithelialisation and necrosis of
the primary and secondary lamellae (Figures 4(B) and 4(C)).

4.4. Trial 3: Fenbendazole (FBZ). The feed with FBZ was well-
accepted and 100% consumed as the control one, but also this
trial was affected by an outbreak of the protist C. irritans,
which after a few days caused severe clinical manifestations
and food refusal (medicated and control), as shown in
Figure 2(c). Therefore, the trial was concluded beforehand
after 14 days (humane endpoint).

Despite the early termination of the trial, it was possible to
evaluate the efficacy of the medicated diets with FBZ. At the
beginning, there was no significant difference between the
levels of infection of S. chrysophrii in the three groups, with
prevalence 100% and mean abundance ranging 35—44. After-
ward, the levels of infection did not vary significantly in con-
trol (P=100%, MA =26), while they dropped to zero in the
two FBZ groups (Figure 3(c)), suggesting the efficacy of the
treatments. Significant differences were found between the pre-
valences both in inter- and intra-groups, while the mean
abundance varied significantly only in the intra-group, and
in the inter-group, the differences were close to significance
(FBZ-L, p=0.080; FBZ-H, p =0.063). The %R associated with

both FBZ treatments was 100%, for mean abundance and
prevalence, both intra- and inter-group, supporting the effi-
cacy of the FBZ diets (Table 3).

Histological analysis of three fish from each group, sam-
pled at the end of the trial, confirmed the presence of C. irri-
tans trophonts in the gills of fish of all groups, with higher
infections in the treated groups compared to the control one
(Figure 4(D), 4(E), and 4(F)). Further, the gills of specimens
treated with FBZ showed hyperplasia and fusion of secondary
lamellae, as well as moderate to severe mononuclear inflamma-
tory infiltrate in FBZ-L and FBZ-H, respectively (Figures 4(E)
and 4(F)).

4.5. Trial 4: Fenbendazole vs. Emamectin Benzoate (FBZ vs.
EMB). In light of the results of trials 2 and 3, a fourth trial
was set up to (1) evaluate the possible use of EMB against
S. chrysophrii at an extra low dose (EMB-LL 0.015 mgkg
BW™' day™'), to limit the possible damage on the host,
and (2) verify the efficacy of FBZ-L treatment (40 mgkg
BW ™" day™") against S. chrysophrii. Given the constant pres-
ence of C. irritans in the cage facility, the trial was shortened
to avoid/limit the outbreak of the protist into the RAS
(Figure 1), and it was designed according to the following

85U8017 SUOWLOD 8A 181D 8|qeo!|dde au Aq peusenob afe sajone YO ‘88N JO S9INJ 04 Akeiq 1 8UljUO /8|1 UO (SUOBIPLIOD-PUR-SLLBYWOD™ A8 | 1M ARIq U1 |UO//SANY) SUORIPUOD pue SWwie | 8u} 89S *[520z/c0/82] Uo Ariqiiauliuo A(IMm ‘90 7 MediQ IWeISIS Baly -Bonewed Aq 812 STSG/202/SSTT OT/I0p/w0d A8 |im Arelq 1 euluo//sdny wo.j papeoumoq ‘T ‘v20g ‘9%



Aquaculture Research

N

FiGure 4: Histopathological findings in gills of the gilthead seabream Sparus aurata treated with emamectin benzoate (EMB) and fenbenda-
zole (FBZ) at low (L) and high (H) doses; haematoxylin and eosin staining. (A—C) Trial 2. (A) Control: normal primary and secondary
lamellae (scale bar=50um, 100x). (B) EMB-L: mild secondary lamellae hyperplasia and presence of Cryptocaryon irritans trophonts
(asterisk) (scale bar =50 um, 100x). (C) EMB-H: diffuse detachment of epithelial cells de-epithelialisation, multifocal necrosis of gill lamellae
lamellar necrosis, and severe mononuclear inflammatory infiltrate (scale bar = 20 um, 200x). (D—F) Trial 3. (D) Control: normal primary and
secondary lamellae (scale bar = 50 um, 100x). (E) FBZ-L: multifocal secondary lamellar fusion and presence of C. irritans trophonts (asterisk)
(scale bar =50 um, 100x). (F) FBZ-H: severe mononuclear inflammatory infiltrate intermingled with around C. irritans trophonts (asterisk)

(scale bar =20 um, 200x).

scheme: (i) stock 18 specimens into each RAS (control, FBZ-
L, and EMB-LL); (ii) acclimatisation; (iii) sampling of nine
specimens per group; (iv) 5 days treatment; (v) 2 days fasting;
and (vi) sampling of nine specimens per group.

At the beginning of the trial, prevalence was 100% and
mean abundance ranged 5-6, with no significant difference
between groups (Figure 3(d)). Unfortunately, by the third
day after starting treatments, fish in the three groups showed
clinical signs of C. irritans infection, reducing food intake to
50%—70% (Figure 2(d)). At the end of the trial, despite the
reduced administration of medicated feeds, the infection levels
of the monogenean in the FBZ-L group dropped to zero, while
those in control and EMB-LL increased (Figure 3(d)). Signifi-
cant differences in inter- and intra-groups were found in FBZ-
L, due to the disappearance of the parasite, and intra-group in
EMB-LL, due to the increase of the mean abundance. The %R
of mean abundance and prevalence was always 100% in FBZ-L,
both inter- and intra-groups, showing the efficacy of the treat-
ment (Table 3). Regarding EMB-LL, it is noteworthy the nega-
tive value of the %R of the mean abundance intra-group, and
the %R of the prevalence was equal to zero (Table 3).

4.6. Population Structure of S. chrysophrii. The effectiveness of
the egg collectors for the enhancement of the cycle of S. chryso-
phrii into the RAS was shown by the finding of clusters of
parasite eggs entangled in the nylon nets (Supplementary 2),
which likely favoured the presence of all stages of development

of the parasite on the gills of the hosts, from larvae with hamuli
up to mature adults with eggs (Supplementary 3).

Regarding the differences in the S. chrysophrii population
structure between the beginning and end of the trials (Figure 5),
an increase in the relative importance of the earliest stage (Sp)
was recorded in control and EMB groups of trials 2—4
(Figure 5(b), 5(c), and 5(d)). This result indicates the repro-
ductive success of the parasite in the RAS, with the recruitment
of new individuals after egg hatching and larval development.
On the other hand, the total absence of all parasite stages
after the FBZ treatments, including the S, postlarval stage
(Figures 5(c) and 5(d)), suggests that FBZ treatments may also
have hindered parasite settlement and recruitment.

5. Discussion

The four trials carried out in the present study allowed to test
the efficacy of medicated diets with PZQ, EMB, and FBZ
against sparicotylosis, and despite the interference by C. irri-
tans infection, the results showed the limitations of dietary
PZQ and EMB and highlighted the potential of FBZ in
aquaculture.

An important component of the in vivo investigation of
monogenean infections is the successful cultivation and
maintenance of parasites in RAS [31]. Apart from the pres-
ence of suitable hosts and favourable environmental condi-
tions, the reproduction of monogeneans can be improved by
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Ficure 5: Changes in the population structure of Sparicotyle chrysophrii in the four trials (a—d), expressed as a percent repartition of four

developmental stages (So; S1; S2; Ss)-

placing egg collectors in the RAS, to allow eggs to entangle and
hatch in captivity [31, 32, 33]. In this current study, the hand-
crafted collectors initially designed by Merella et al. [15] and
partially modified by Riera-Ferrer et al. [34] demonstrated
effectiveness in promoting the parasite life cycle, highlighted
by the high levels of infection observed both in the control
groups and where the treatment proved ineffective. Such
devices may represent a tool to obtain parasitic infections for
in vivo studies on monogeneans and can also be used to moni-
tor egg-laying [35], parasite infection in RAS [34], or even in a
commercial aquaculture system.

The possible alteration of feed palatability due to the
addition of chemical compounds is a factor to be considered
when carrying out in vivo studies for testing medicated diets
[29]. In the present study, only PZQ (trial 1) showed this
issue, being largely rejected (64%—93%), whereas control and
EMB/FBZ-medicated feeds were completely ingested and
only rejected as a consequence of C. irritans infection. Rejec-
tion of feed with PZQ by S. aurata has already been reported
by Sitja-Bobadilla et al. [2] and Merella et al. [15]. However,
recently, Rigos et al. [16] have overcome this issue by pro-
viding gilthead seabream with a PZQ diet masked by the
incorporation of krill in the feed. Although PZQ is consid-
ered one of the most promising compounds for the treat-
ment of monogeneans by oral administration [5], according
to Norbury et al. [10], its palatability is an obstacle that needs

to be overcome before it can be embraced by aquaculture for
its effective dietary administration.

The potential adverse effects of drugs are crucial factors
to take into account when evaluating new treatments, and it
is imperative to consistently monitor the welfare of fish dur-
ing the trials to ensure their well-being [29]. In the present
study, detachment and necrosis of the epithelium of the gill
lamellae were observed in fish treated with EMB. Severe
damages associated with avermectins have also been previ-
ously reported [21, 24, 36, 37, 38]. Although some authors
suggested a potential efficacy of avermectins against mono-
geneans [22, 23], the present results did not show any signif-
icant reduction of the infection after the treatments with
EMB. On the other hand, considering the severe and diffuse
necrosis of the primary and secondary lamellae, it is conceiv-
able that the putative reduction of infection associated with
avermectins could be related to the damage of the gill tissue
and the consequent destruction of the monogenean gill hab-
itat. Considering the lack of any significant efficacy of EMB
against S. chrysophrii at the different doses tested in the
present study, and the possible associated gills damage,
also observed in previous studies [37, 38, 39], the use of
dietary EMB and other avermectins for the treatment of
sparicotylosis should be discouraged. The branchitis
observed in fish fed with FBZ may be related to an increased
susceptibility to C. irritans infection, and the consequent
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reaction of the host against the parasite [40, 41]. In contrast
to EMB, trials conducted with FBZ (trials 3 and 4) showed
notable efficacy against S. chrysophrii, mitigating potential
adverse effects.

Significant efficacy of dietary FBZ against S. chrysophrii
has already been reported by Merella et al. [15] and also in
previous studies for other host and monogenean species
[7, 8, 20]. Furthermore, the current results showed that
also the low dose of FBZ (FBZ-L, 40 mgkgBW ™" day™')
had high efficacy, and it is possible to think that lower doses
of FBZ may be also effective against S. chrysophrii. This has
also been described by Kimura et al. [20] and Gupta et al. [8],
who reported that febantel is effective already at a dose of
25 mgkg BW ™! day~" for 3 days and FBZ at 20 mgkg BW ™!
day ™" for three alternate days, respectively. A reduction in
the dose and days of treatment will play an important role in
fish farm management, saving costs for the preparation of
medicated feed, reducing withdrawal periods, and limiting
possible adverse effects on fish. A dose reduction will also be
favourable for the environmental impact, limiting the left-
overs of medicated feed, reducing the impact on surrounding
organisms, and avoiding drug resistance [5, 7, 21, 22].

Another noteworthy consideration regarding FBZ die-
tary treatment is its potential preventive/repellent effect
against S. chrysophrii. Indeed, no postlarval (Sp) stage of
S. chrysophrii was detected in all FBZ-treated fish, in stark
contrast to the abundance of this stage in both the other
treated groups and the control group. According to Iosifidou
et al. [42], orally administered FBZ mainly accumulates in
the skin of the rainbow trout Oncorhynchus mykiss (Walbaum,
1792). Therefore, an external accumulation could have a pre-
ventive effect in the postlarval stages settlement. This aspect
needs to be further investigated because it could allow the
formulation of preventive protocols to avoid the arrival of
the parasite on the external surface of fish.

In conclusion, the results confirm FBZ as an effective
compound against platyhelminth infections [15, 17, 18] and
also settle the ineffectiveness of avermectins against this group
of parasites [24]. On the other hand, the putative efficacy of
PZQ remains to be investigated due to its administration
difficulties [10]. The main clinical application derived from
the present study is to provide indications for the develop-
ment of a medical device able to treat/prevent sparicotylosis,
with possible application for other microcotylid infections
[43, 44, 45]. To ensure the reliability of this treatment, it is
imperative to conduct field trials in fish farms, assessing its
benefits on a commercial scale. Furthermore, given that the
use of FBZ in aquaculture is not currently registered in the
European Union, studies evaluating FBZ residues and estab-
lishing a withdrawal period are essential prerequisites for the
registration process, facilitating the recognition of dietary FBZ
as a veterinary medicinal product.
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