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Abstract: The aim of this study was to evaluate the efficacy of dietary praziquantel (PZQ), a promising
fish anthelminthic, against Zeuxapta seriolae, a lethal ectoparasite of greater amberjack (Seriola dumerili
Risso) farmed in the Mediterranean and elsewhere. The trial was carried out in small cages (3 m3)
in situ, harbouring fish (125 ± 14 g) naturally infected with Z. seriolae, at 25 ± 1 ◦C water temperature.
Praziquantel-medicated diet (150 mg PZQ/kg fish) was delivered for three days against a control
group. Measurement of both adults and oncomiracidia of Z. seriolae in sampled gill arches revealed
significant differences between the tested groups (PZQ: 19.3 ± 9.8 vs. Control: 3.8 ± 6.3). Considering
an estimated efficacy of 80.4% in the medicated fish, the present study indicates that oral PZQ
treatments can confront Z. seriolae infections considerably in farmed greater amberjack and, perhaps,
replace the commonly used hydrogen peroxidase baths.
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1. Introduction

Greater amberjack (Seriola dumerili) is a very successful fish candidate for aquaculture
due to its attractive growth characteristics and high market prices [1,2]. Farming of greater
amberjack has gained global interest and is considered as one of the most important species
for diversification of marine finfish production in the Mediterranean area [3]. Among
various bottlenecks, disease outbreaks have become a significant limiting factor for the
further expansion of greater amberjack farming, both in the Mediterranean region and
elsewhere [4]. Zeuxapta seriolae, a gill monogenean parasite, is considered one of the
most devastating pathogens in caged greater amberjack [4]. The parasite causes heavy
infestations mainly at high water temperatures, which have been associated with anaemia
and severe losses in farmed greater amberjack [5,6].

Hydrogen peroxide baths (75–100 ppm for up to an hour) have been proved sufficient
to confront Z. seriolae [7]; however, an effective dietary medicine would be an ideal measure
to overcome the drawbacks associated with bath applications in large cages, including
time-consuming and labor-intensive processes that are stressful and occasionally toxic to
fish and dependent on weather conditions.

Praziquantel (PZQ) is a synthetic drug that has been used in human [8], and veterinary
medicine and is considered an ideal antiparasitic compound against fish platyhelminths [9].
Its anthelmintic action leads to disruption of the parasitic integument and induction of
spastic muscular paralysis [10]. To date, however, PZQ lacks full registration in aquaculture
practices, though potential selection of such compounds is possible in aquaculture under
the ‘off-label’ cascade (Council Directive 90/676/EEC, Directive 2001/82/EC and Commis-
sion Regulation 37/2010). For those cases, a standard withdrawal time of 500-degree days
is enforced to secure consumer safety, considering that a zero maximum residue level has
been established for livestock, where the use of PZQ is permitted [11].
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A comprehensive review on the use of PZQ against platyhelminth fish parasites
has been published [9]. Praziquantel given at different dosing schedules, seemed a very
effective anthelmintic of farmed fish species [12–14]. The pharmacokinetics of dietary PZQ
in farmed greater amberjack have been recently determined with attractive absorption
properties [15], however, its PZQ efficacy against fish monogeneans is missing in the
Mediterranean region. Consequently, to acquire a complete picture on the anthelmintic
value of the drug, the aim of this study was to evaluate the efficacy of dietary PZQ in Z.
seriolae-infected greater amberjack.

2. Materials and Methods
2.1. Experimental Set Up

The trial was carried out in a commercial farming unit, Attiki, Greece. Three hundred
juvenile greater amberjack weighting 125 ± 14 g and naturally infected with Z. seriolae,
were transferred from an adjacent cage into six experimental cages (3 m3), aiming to obtain
equal biomass (50 fish per cage) (Figure 1).

Figure 1. Experimental cages used for the evaluation of praziquantel (PZQ) efficacy.

Three cages served for the PZQ-treated group, while the remainder were used for the
Control. The water temperature during the trial was 24 ± 2 ◦C. Before the trial, fish were
acclimatized to their new environment for two weeks. During that period, fish were fed
twice daily at 2% body weight (BW)/day with the Control diet described in Table 1. The
total parasitic load (both adults and oncomiracidia in all gill arches) of 20 fish from the
initial population was examined to ensure the infection with Z. seriolae.
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Table 1. Composition (%) of the experimental diets.

Ingredient (g/100 g) Control Medicated Diet

Fish meal 60.00 60.00
Krill meal 12.00 12.00

Wheat meal 18.25 17.50
Wheat gluten 3.00 3.00

Fish oil 5.00 5.00
Vitamins 0.25 0.25

Shrimp-based attractant 1.50 1.50
Praziquantel 0 0.75

Proximate composition (%)

Moisture 7.31
Protein 51.68

Fat 14.72
Ash 8.793

NFEs 1 17.50
1 Nitrogen free extract.

2.2. Ethical Statement

Use of experimental animals in the trial complied with the European Union (EU)
directive “on the protection of animals used for scientific purposes” according to the EC
Council Directive 2010/63/EU [16].

2.3. Experimental Feeds

Fish received two experimental diets (Control vs. PZQ medicated diet; Bayer Ltd.,
Leverkusen, Germany) of which the composition is provided in Table 1. A sufficient
portion of krill meal was included in the medicated diet to enhance acceptability of the
medicated diet [15]. The medicated diet was prepared by mixing PZQ (7.5 g/kg feed) with
all the feed ingredients prior to pelleting procedure in the pellet mill (Hobart, Arlington,
TX, USA). The same process was used for the Control with the exclusion of PZQ. Feeding
with the experimental diets was performed twice per day (09.00 and 14.00) for three
days at 2% BW/day. The daily dosage of PZQ was determined to be 150 mg/kg fish,
considering the feed levels and rates. To ensure acceptance of the experimental diets, fish
were monitored for 30 min after the feeding termination.

2.4. Sampling for Parasitic Load

Two days after the completion of the therapy, 10 fish from each experimental cage were
screened for the presence of Z. seriolae. Fish were anaesthetized with clove oil (40 ppm) and
then killed by a blow on the head before taking tissue samples. All gill arches from sampled
fish were placed in Petri dishes, rinsed with marine water and examined under a SZ61
Olympus stereoscope (Olympus, PA, USA). Parasitic count included total measurement of
adults and oncomiracidia from each gill arch. The efficacy (%) of PZQ against Z. seriolae in
greater amberjack was assessed as previously suggested for parasites [17]:

% Efficacy= 100 − [100 ∗ (mean number of parasites in PZQ-treated group)/(mean number of parasites in control group)] (1)

2.5. Statistics

The difference in parasitic load between untreated and PZQ-treated groups was
evaluated by using the non-parametric one-tail Kolmogorov–Smirnov test, with the level
of significance set at 0.05. Data were plotted in a SPSS program (International Business
Machines Corporation, Armonk, NY, USA) for statistical analyses.
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3. Results and Discussion

The present study describes the first attempt to evaluate the efficacy of PZQ against
Z. seriolae in Mediterranean greater amberjack, inspired by the fact that the drug has been
a promising parasiticide to confront helminths of Seriola spp. [9] in field and experimental
studies. Our trial was carried out with the use of small cages installed in situ and harboring
naturally infected fish. This infection model proved ideal for the purpose of the study,
where the use of commercial cages as replicates was not economically feasible. Such
an experimental set up lacks any technical complexities and can be easily adopted in
forthcoming studies using different combination of fish species and ectoparasites.

Acceptance of the medicated diet by experimental fish is one of the main challenges of
any PZQ trial. Low inappetence signs were observed herein, which did not affect the overall
consumption of the medicated diet. The inclusion of dietary attractants, such as krill meal,
was perhaps beneficial to overcome the bitterness of PZQ, as recently demonstrated [15],
although previous masking attempts to feed dietary PZQ treatments to various farmed
fish species revealed mixed results [12,18–20].

Prior to the study, the total parasitic load from sampled fish was measured to be
21 ± 6.4 parasites that was considered acceptable for the initiation of the medication. No
mortalities of greater amberjack were noticed during the trial, although the environmental
temperature was ideal for the development of the disease and the age of fish used is
considered the most susceptible to Z. seriolae, possibly due to the acquired protection of
older stages, as seen against other pathogens of Seriola [21]. Prevalence of Z. seriolae on the
other hand was 100% in all examined fish. Although PZQ administration failed to fully
eliminate Z. seriolae from the medicated group, there were significant differences (p = 0.001)
in parasitic load between PZQ-treated and Control greater amberjack (Table 2). Moreover,
the estimated efficacy in the medicated fish reached a remarkable value exceeding 80%,
approaching thus, the corresponding values (81–100%) calculated in previous studies where
PZQ was dietary delivered to fight monogeneans of other farmed fish species [14,22–24].

Table 2. Number of Z. seriolae (adults and oncomiracidia) infecting greater amberjack pre- and post-treatment and efficacy
(%) of in feed-administrated PZQ at 150 mg PZQ/kg for three consecutive days. Data represent mean ± st. dev. (n = 30).

Parasite
Total Number of Parasites

Efficacy (%) p Value
Pre-Treatment Control Group PZQ-Treated Group

Zeuxapta seriolae 21 ± 6.4 19.3 ± 9.8 3.8 ± 6.3 80.4 0.001

Dietary PZQ treatments have been previously evaluated in other monogenean-infected
Seriola spp. For example, the delivery of PZQ at 50–150 mg/kg fish for 3–6 days against
Benedenia seriolae and Z. seriolae infections in yellowtail kingfish (S. lalandi) [14] revealed
that lower daily doses of PZQ were associated with fewer parasites compared with fish fed
higher daily doses for fewer days. This was attributed to the increased palatability issues
emerging from the surface-coating of higher PZQ dosages. Dietary administration of PZQ
was promising against Neobenedenia girellae infection in spotted halibut (Verasper variegatus),
where a long-term, low-dose treatment (40 mg/kg for 11 days) was the most effective
measure [12]. Using intubation of PZQ [22], a dosing of 70–120 mg/kg for 3 days was very
effective against Z. seriolae in yellowtail kingfish, while B. seriolae appeared more resistant
to the drug, necessitating a timed repeat therapy. Full efficacy of PZQ was observed
against Heterobothrium okamoti affecting tiger puffer (Takifugu rubripes) when 40 mg/kg
were delivered for 20 days [23].

Sadly, antiparasitic use of PZQ in fresh water farmed fish suffering from helminths,
has been mainly evaluated via baths or dips (reviewed by Bader et al. [9]) thereby rendering
weak any further comparisons with dietary PZQ applications in other environments.

Comparably, baths with formalin, a widely used therapeutic application for various
ectoparasites, seems ineffective against Z. seriolae [13], as opposed to hydrogen peroxide
baths. The latter can be remarkably effective [7] since in most cases single applications
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are able to completely remove all parasitic stages for a period of a few weeks (Rigos et al.,
field observations). However, infected greater amberjack has already affected gills due
to hyperplasia of the gill epithelium with fusion of the gill lamellae and extreme mucus
excretion along with diminished haematological condition [5]. Repeated hydrogen peroxi-
dase baths can further deteriorate gill health of the treated fish, especially if applied with
limited caution. Application of baths in caged fish is additionally facing more challenges.
Such processes are costly and labor-intensive, weather-dependent and occasionally toxic
to fish and the environment. Aquaculture medicine, therefore, should be shifted towards
dietary-administered antimicrobials which overcome the above issues. Dietary PZQ can
be thus an ideal alternative measure against ectoparasites affecting greater amberjack
and perhaps other farmed fish species. This will be extremely important for fish therapy
considering that one of the main limitations to combating fish parasites in aquaculture is
the scarcity of labelled antiparasitic compounds.

4. Conclusions

In conclusion, the findings of this study confirm that dietary PZQ is an effective
strategy against helminths of farmed Seriola spp. In particular, oral PZQ treatment of
150 mg/kg fish for three days can considerably reduce Z. seriolae in greater amberjack and,
thus, efficiently replace the commonly used but time- and labour-consuming hydrogen
peroxidase baths. Future attempts should concentrate on testing different PZQ dosing
schedules. For example, whether an enhanced PZQ treatment schedule combining two
dosing periods is more effective than single treatments against Z. seriolae infections in
greater amberjack remains to be elucidated in following trials.
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