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Abstract: We have evaluated the therapeutic effect of a compound mixture of caprylic acid (200 mg/kg fish), organic iron (0.2% of diet)
and mannan oligosaccharide (0.4% of diet) in gilthead sea bream, Sparus aurata Linnaeus, infected with Sparicotyle chrysophrii Bened-
en et Hesse, 1863 in controlled conditions. One hundred and ten reared and S. chrysophrii-free fish (197 g) located in a cement tank were
infected by the parasite two weeks following the addition of 150 S. chrysophrii-infected fish (70 g). Growth parameters and gill parasitic
load were measured in treated against control fish after a ten-week-period. Differences in final weight, feed conversion ratio, specific
growth rate and feed efficiency were not statistically significant between the experimental groups, suggesting no evident effect with re-
spect to fish growth during the study period. Although the prevalence of S. chrysophrii was not affected by the mixture at the end of the
experiment, the number of adults and larvae was significantly lower. The mean intensity encompassing the number of adults and larvae
was 8.1 in treated vs 17.7 in control fish. Individual comparisons of gill arches showed that the preferred parasitism site for S. chrysophrii
it the outermost or fourth gill arch, consistently apparent in fish fed the modified diet and in control fish. In conclusion, the combined
application of caprylic acid, organic iron and mannan oligosaccharide can significantly affect the evolution of infection with S. chrys-
ophrii in gilthead sea bream, being capable of reducing adult and larval stages of the monogenean. However, no difference in growth

improvement was observed after the trial period, potentially leaving space for further optimisation of the added dietary compounds.
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Monogeneans are ubiquitous and abundant in the aquat-
ic environment. Being mostly isolated from fish, it is esti-
mated that 95% of species parasitise as ectoparasites on the
gills and skin (Euzet and Combes 1998). The aquaculture
environment, in particular, which is characterised by high
fish density, close vicinity of different age categories of
reared fish, as well as wild populations, high load of organ-
ic matter resulting from feed and fecal particles,is known
as an ‘amplifier’ of parasites, among which monogeneans
play a prominent role (Nowak 2007).

So far, the only reported polyopisthocotylean monogene-
an Sparicotyle chrysophrii Van Beneden et Hesse, 1863
significantly affecting the financial sustainability of Med-
iterrancan farms has been isolated from the gilthead sea
bream, Sparus aurata Linnaeus, and represents the only
species within genus Sparicotyle Mamaev, 1984. It has been
recorded in marine cages in the Adriatic, Aegean, Egyptian
coast, Eilat, Gulf of Lion, lonian, Israeli coast, Ligurian Sea,

Northeast Atlantic and Tyrrhenian (Faisal and Iman 1990,
Radujkovi¢ and Sundi¢ 2014). It causes mortality when
contracted at high prevalence (Sanz 1992, Alvarez-Pellitero
2004, Vagianou et al. 2006), growth retardation (Antonel-
li et al. 2010), while pronounced pathology is observed
even at low infection intensity (eight parasites per gill arch)
(Mahmoud et al. 2014). The infection in reared gilthead sea
bream, apart from gross pathology of gills due to necrosis,
causes lethargy due to hypoxia and severe anaemia (Sit-
ja-Bobadilla et al. 2006), while histopatology encompasses
lamellar shortening, clubbing and synechiae, proliferation of
the epithelial tissue with resulting fusion of the secondary
lamellae, and marked presence of chloride cells (Sitja-Boba-
dilla and Alvarez-Pellitero 2009). More importantly, the
total feed conversion rate (FCR) of gilthead sea bream has
recently increased by a factor of >0.4 due to infections with
S. chrysophrii, increasing the feed requirement for >50000
tons in Mediterranean production (G.R. — unpubl. data).
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De Vico et al. (2008) observed a dramatic increase in
size and numbers of splenic melanomacrophage centres
in the spleen of infected gilthead sea breams, suggesting
an increase in hemosiderin and lipofuscin, hallmarks of
erythrocyte destruction, tissue catabolism and degener-
ative chronic disorder (Agius and Roberts 1981, Agius
and Agbede 1984). In addition, secondary infections with
other parasites and bacteria are common for the S. chryso-
phrii-infected gilthead sea bream (Cruz et al. 1997).

In order to apply treatments in a more environmental-
ly-sustainable way and decrease intensive labour require-
ments for bath treatment in sea cages, Rigos et al. (2013)
have developed a modified diet containing caprylic acid
(CA), an eight-carbon saturated fatty acid that is effective
against ectoparasites, which is practical to amply and safe
for the host, consumers and the environment. Although its
antiparasitic mechanisms are not fully understood, it seems
that its lipotrophic properties enable dissolution of the
pathogen cell membrane and consequent disequilibrium in
fluidity and permeability, leading to membrane disaggre-
gation or malfunction (Kato and Shibasaki 1976, Bergsson
et al. 1998, Sun et al. 2003). In case of early infection with
S. chrysophrii, a dietary dosing of 200 mgCA/kg for 60
days can significantly reduce parasite intensity when low
infestation is established, but the compound has no effect
on overall growth rate as expected (Rigos et al. 2013).

Therefore, based on previous experience, the aim of the
present study the aim was to optimise the experimental sup-
plementation of CA by the addition of an organic iron and
mannan oligosaccharide (MOS) and assess the effect of the
new mixture on parasite parameters (prevalence, mean abun-
dance and intensity) and growth in fish fed a modified diet
and control gilthead sea bream over two months. Iron would
possibly attenuate the detrimental effect of anaemia suffered
by sea bream due to infection with S. chrysophrii (Sitja-Boba-
dilla et al. 2006), as has been empirically observed in Greece.

MOS has proven to be effective in enhancing growth and
the immune functions of European sea bass (Torrecillas et
al. 2007) and was added in the mixture, as the cellular and
innate immune responses of S. chrysophrii-infected gilt-
head sea bream are affected (Henry et al. 2015). The bene-
ficial effects of dietary iron supplementation on gilthead sea
bream have been previously investigated, as reflected by
a significant increase in the number of red blood cells (Ri-
gos et al. 2010). The chosen dosages of mixture compounds
in the modified diet were based on an earlier kinetic study
performed in controlled conditions and pertinent literature
(Rigos et al. 2010, 2013, Sweetman et al. 2010).

MATERIALS AND METHODS

The model applierd for experimental treatment of infected
gilthead sea bream with a diet supplemented with a mixture of
caprylic acid, iron and MOS (CIM) was based on a recent study
by Rigos et al. (2015). Briefly, 110 healthy and parasite-free fish
(197 £ 22 g), previously maintained in land tanks, were equally
distributed in six net cages (1 m?®) located in an inland cement
tank (50 m?) at the facilities of the Hellenic Centre for Marine
Research — HCMR (Athens, Greece). Three cages served as the
control and the remaining for the treated group. Two weeks after
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the introduction of recipient fish and administration of the CIM
diet, 150 gilthead sea bream (70 + 13 g) naturally infected with
Sparicotyle chrysophrii, were transferred to the facilities. Donor
fish originated from a farming site in south Evoikos Gulf, central
Greece. In situ parasitological examination of 20 fish revealed
a 100% prevalence and 15 + 3 parasitic intensity (adults plus
larvae), measured in the two external gill arches. After transfer,
donor fish were introduced into the cement tank harbouring the
healthy caged fish and were left to swim outside the cage net con-
taining the recipient fish. Likewise, donor fish did not interfere
with the feeding environment of the recipient fish and remained
unfed until the termination of the trial. Fish tanks were continu-
ously supplied with aerated flow-through sea water. The water
flow in the challenge tank was equally maintained throughout the
experiment and based on eight different inflow points located on
both sides of the tank. This set up was created to maximise uni-
formity in the distribution of the infection by the free-swimming
infection stages. The experiment lasted 10 weeks and water tem-
perature ranged from 22°C in autumn to 27°C in summer.

Two experimental extruded diets (Clextral extruder, Firminy,
France) were prepared at the facilities of HCMR (Table 1). One
diet was used as control and the second one, described as modified,
was supplemented by 1% CA (Biomar, Volos, Magnesia, Greece),
0.2% organic iron (Bioplex, Alltech, Lexington, Kentucky, USA)
and 0.4% MOS (Bio-Moss, Alltech, Lexington, Kentucky, USA).
All fish were hand-fed once (2 PM) at a daily rate of 2% body
weight (BW) (representing a dosing of 200 mg CA/kg fish in treat-
ed fish). Feed consumption was recorded daily. At the end of the
experiment, all surviving experimental fish were weighted individ-
ually and the following growth parameters were calculated:

Feed Conversion Rate = daily FI (g)/wet weight gain (g).

Specific Growth Rate (SGR) = 100> [In(W,)—In(W )]/rear-
ing days.

Feed Efficiency (FE) = (W, ~W )< 100/dry feed intake.

In the aforementioned formulae, F1 is feed intake, W and W,
are the initial and the final mean weight of fish in grams.

Prior to transfer of the recipient fish to the experimental cages
of inland tanks, external gills from randomly chosen fish of the
maintained stock were subjected to the stereoscopical analysis in
order to ascertain the absence of the parasite. Two weeks after
the introduction of donor fish, 12 recipient fish randomly selected
from the 6 cages were examined for the presence of the parasite,
as above. At the end of the experiment, all surviving experimen-
tal fish were killed by blow to the head and all gill arches were
subjected to stereoscopical examination in order to count adult
monogeneans and larvae per gill, divided into left (L1, L2, L3,
L4) and right (R1, R2, R3, R4) gill arches. An SZ61 Olympus ste-
reoscope at x0.67 magnification (Olympus, PA, USA) equipped
with a digital camera (Infinity Lite, Lumenera, Ottawa, Ontario,
Canada) was used. The growth parameters of treated vs control
fish were evaluated using Student’s t-test (Statistical software
SPSS 18.0) with 95% confidence level.

Quantitative Parasitology 3.0 software (Rozsa et al. 2000, Re-
iczigel and Rozsa 2005) was used to analyse the parameters of
infection with S. chrysophrii in control (C) and treated (T) fish,
deploying prevalence, mean abundance and intensity of infection
according to Bush et al. (1997). Prevalence values were supported
by Sterne’s exact 95% confidence interval (CI) and mean abun-
dance and intensity by bootstrap 95% CI (N =2000). The negative
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Table 1. Composition of control and modified diets used in ex-
perimental treatment of infection with Sparicotyle chrysophrii in
gilthead sea bream, Sparus aurata.

Control diet Modified diet
Weight (g/1 kg)

Raw material

Maize gluten 60 (min. 58%) 249.6 249.6
Fish meal NA STD 70% 200.0 200.0
Soya HP48, Non GMO 200.0 200.0
Fish oil, trimmings 120.0 110.0
Wheat 114.0 114.0
Wheat gluten, min. 80% 49.0 49.0
Water change 25.0 25.0
Fish oil, 18 EPA+DHA 20.0 20.0
Mono-calcium phosphate (MCP) 12.4 12.4
L-Lysine HCI (78%) 5.0 5.0
Premix 5.0 5.0
Caprylic acid (200 mg/ kg fish) 0 10.0
Organic iron 0 2.0
Mannan oligosaccharide 0 4.0
Nutrient Value (%)
Protein 43.5 43.5
Fat 17.8 17.8
Ash 6.9 6.9
Fiber 22 22
Nitrogen free extracts (NFE) 19.6 20
Moisture 10.0 10.0
Energy (MJ/kg) 17.5 17.5

binomial model (Bliss and Fisher 1953) of distribution of S. chrys-
ophrii in C and T fish population was compared by the maximum
likelihood method (level of significance = 0.05), and distribution
asymmetry was estimated by variance to mean ratio (measure of
over-dispersion), exponent k of the negative binomial (distribution
asymmetry) and discrepancy index D (from 0 as uniform distribu-
tion, to 1 as maximum discrepancy) (Poulin, 1993).

Statistical analyses were performed after joining the results
of three C and three T fish populations. An exact unconditional
test, which keeps the prescribed type I error rate and has a higher
statistical power in small sample size (n < 100), was used to test
difference in prevalence. Mood’s median test was used to test the
difference between the mean intensity of the two groups. Finally,
the bootstrap two sample t-test was used to test the difference
between mean abundance and intensity in two groups.

RESULTS

Effect of CIM on growth parameters

All estimated growth parameters including FW, FE, FCR
and SGR showed insignificant differences between the two
experimental groups (Table 2). Eleven fish died during the
experiment, corresponding to 10 and 9% of the control and
the group fed the modified diet, respectively. Anaemic gills
were observed in a few dead fish. Few fish appeared lethar-
gic and anorectic from both groups, but these symptoms
diminished when water temperature dropped at the end of
the experiment. No other experiment-irrelevant mortalities
or abnormalities were evident during experimentation.

Effect of CIM on parasitological parameters
Gill examination of recipient fish showed no evidence
of parasitic infection, including Sparicotyle chrysophrii,
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Table 2. Growth parameters calculated as mean + SE in con-
trol and fed the modified diet gilthead sea bream Sparus aurata
against infection with Sparicotyle chrysophrii.

Growth parameters Control Fed modified diet
Initial weight 196.1 £3.7 199.7+4.1
Final weight 2953+54 296.2+5.0
Feed efficiency 51.2+2.8 474+26
Feed conversion ratio 2.0+0.1 2.1+0.1
Specific growth rate 0.74 £ 0.03 0.71 +£0.03

before their transfer to the experimental environment. The
proportion of donor and healthy fish (0.5) and the coex-
istence period of two-week seemed to be adequate for the
transmission of the disease in the challenge environment,
since 100% prevalence was apparent in the examined
recipient fish. The overall prevalence was 100% in both
groups (Table 3).

The mean intensity of S. chrysophrii, measuring both
adults and larvae in all gill arches, was 17.7 in control fish,
while in fish fed the modified diet, it was significantly re-
duced (P = 0.0005) at 8.1. CIM treatment resulted in re-
ducing both adult and larval stages of the monogeneans (in
respect to mean abundance and mean intensity). Interest-
ingly, the prevalence of adults in control and treated fish
did not differ, but it was significantly reduced in the larvae.
In order to compare the preference of the monogeneans for
particular positions within the gill chamber, we observed
that the most parasitised was the fourth gill arch (the out-
ermost) in both groups, and preferred both by adults and
larvae (Table S1). In control fish, prevalence of adults and
larvae differed between arches, as well as mean intensity
of adults. In fish fed the modified diet, prevalence of both
adult and larvae differed between arches, in contrast to the
mean intensity (Table S2).

DISCUSSION

Sparicotyle chrysophrii remains undoubtedly the most
crucial constraint for production of caged gilthead seca
bream in the Mediterranean Sea. Chemical treatments,
such as those based mainly on formalin, are usually ef-
fective but are blamed for environmental and consumer
risks and are considered impractical and labour-intensive
in cage environment. Therefore, alternative therapeutic
strategies are of vital importance for ensuring sustainable
and profitable farming of gilthead sea bream. Here, we de-
scribe a nonchemical approach where a dietary mixture of
natural agents including CA, organic iron and MOS was
successfully applied as a nutritional improvement measure
in S. chrysophrii-infected gilthead sea bream. Notably, the
parasitic load significantly diminished in fish fed the mod-
ified diet after ten weeks of administration while growth
remained unaffected. It is widely known that growth pa-
rameters are considerably affected in S. chrysophrii-infect-
ed gilthead sea bream and the FCR, specifically, is higher
in infected individuals, both in controlled and field condi-
tions (unpublished observations). In particular, FCR val-
ues measured during the present study (2-2.1) are higher
compared to those found in growers of healthy gilthead sea
bream (1.7) fed conventional diets in controlled environ-

Page 3 of 6



doi: 10.14411/fp.2016.027

Rigos et al.: Treatment of Sparicotyle on sea bream

Table 3. Prevalence (%) with Stern’s exact 95% confidence limits (CI), mean intensity (I), mean abundances with bootstrap 95% CI (A)
and variance-to-mean ratio of Sparicotyle chrysophrii isolated from control and CA-iron-MOS fed gilthead sea bream, Sparus aurata.
Data on mean host length and weight are given with = SE. Exponent of the negative binomial (k*) showed no statistical difference

between observed and expected frequencies at P = 0.05. Discrepancy index value (D = 0-1).

Sparus aurata Niegré l(ec I;I%;h Miarslgv (egl)ght Prevalence (%) I ACI v/X k* D

Control A+ L (N =43) 24.6+0.1 2953+5.4 92-100 (100)  14.5-21.5(17.7) 14.5-21.5(17.6) 7.8 2836 0.341
Control A - - 92-100 (100) 7.4-11.7(9.3)  7.4-11.7(9.3) 57  2.148 0.402
Control A right gills - - 75-96 (88) 3.9-6.0 (4.9) 3.3-54(4.3) 29 1.909  0.440
Control A left gills - - 88—100 (98) 4.0-6.5(5.1) 3.9-6.3 (5.0) 3.5 2232 0424
Control L - - 88-100 (98) 7.1-10.9 (8.6)  6.9-10.8 (8.4) 46  2.687 0.360
Control L right gills - - 74-96 (88) 4.0-6.4 (5.0) 3.4-5.8(4.4) 3.6 1.714  0.454
Control L left gills - - 81-99 (93) 3.5-54(4.3) 3.1-5.1(3.9) 277 2595 0413
Treated A + L (N = 44) 25.1+£0.1 296.2+5.0 85-100 (96) 6.9-9.6 (8.1) 6.5-9.2 (7.8) 2.8  3.721 0.324
Treated A - - 85-100 (96) 3.7-5.54.4) 3.5-524.2) 2.1 4582 0.358
Treated A right gills - - 62-89 (77) 2.1-3.3 (2.6) 1.5-2.6 (2.1) 1.9 2130 0.501
Treated A left gills - - 70-93 (84) 2.1-3.2 (2.6) 1.7-2.8 (2.2) 1.5 4.021 0441
Treated L - - 65-90 (80) 3.7-54(4.4) 2.7-4.4(3.5) 2.6 1.656 0457
Treated L right gills - - 50-80 (66) 2.1-3.6 (2.7) 1.3-2.4(1.8) 23 1.298  0.562
Treated L left gills - - 52-81 (68) 1.9-3.4(2.6) 1.3-2.4(1.8) 22 1.479  0.552

A — adults of S. chrysophrii; L — larvae of S. chrysophrii; v/x — variance to mean ration.

Table 4. Comparison of differences in prevalence, mean abundance and mean intensity of Sparicotyle chrysophrii between control (C)

and caprylic acid-iron-MOS fed (T) gilthead sea bream, Sparus aurata.
CAleftvs CLleft vs TA left vs TL left vs

CvT CAvsTA CLvsTL CAvs CL CA right CL right TAvs TL TA right TL right
Exact unconditional test 02836 02836  0.0097*  0.5820 0.202 0.681 0.0307* 0.5306 1.0000
(prevalences)
Bootstrap 2-sample t-test 5500+ 0.0000*  0.0005* 1.0000 0.442 0.556 0.2825 0.6690 1.0000
(mean abundances)
Bootstrap 2-sample t-test
(mean intensities) 0.0005* 0.0000%  0.0005* 0.6595 0.805 0.342 1.0000 0.9915 0.7920
Mood’s median test 0.0000* 0.0001*  0.0001* 0.827 0.368 0.495 0.822 1.0000 1.0000

(mean intensities)

A —adult of S. chrysophrii; L — larvae of S. chrysophrii; * statistically significant difference at P < 0.05.

ment (Fountoulaki et al. 2009), but much lower than those
obtained in the field, due to better feeding management at
the laboratory.

The CIM mixture proved to be effective for adult and
larval stages, although it must ne noted that because of
the application system (e.g. food), it cannot be assumed to
have any effect on the eggs. Only recently have new data
been obtained on the life cycle and treatment of S. chrys-
ophrii (Sitja-Bobadilla et al. 2006, Repullés-Albelda et al.
2012). Oncomiracidiam, the infectious free swimming cil-
iated larva, hatches from a fusiform and filamentous egg
after 5-10 days at 20 °C, surviving up to 52 hours (at 20 °C)
in sea water without an appropriate host (Repullés-Albelda
etal. 2012). It has been proven in vitro that a 30 min bath in
formalin (300 ppm) is 100% effective for eggs, larvae and
adults, and hydrogen peroxide (200 ppm) for larvae and
adults (Sitja-Bobadilla et al. 2006). Therefore, a combina-
tion of modified diet and chemical treatment of eggs could
be a solution, especially because the diet alone does not
decrease the probability of parasite presence at the farm
(the prevalence is not significantly affected by the diet, in
contrast to intensity).

Measured parameters of infection with S. chrysophrii in
fish fed the modified diet show values approaching those
observed in the wild (Reversat et al. 1992), with consistent
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systematic aggregation of the parasite in all measured cas-
es (adults, larvae, number of gill arches). This suggests that
the highest number of monogeneans is present in a small
number of hosts and such aggregation would most likely
induce mortalities in insignificant number of fish economi-
cally unburdening for the farmer.

For the first time, we evidenced the preference of this
monogenean for the outermost gill arch, showing that all
parasitic parameters (prevalence, abundance, intensity)
declined till the innermost (first) gill arch. Such habitat re-
striction has been recognised for most monogeneans (Ro-
hde 1977) and has been attributed to variations in water
current on the gill surfaces or to the greater area of certain
arches (Oliva and Luque 1998, Gutiérrez and Martorelli
1999, Crafford et al. 2014). However, there is no a con-
sistent rule for all monogeneans, and there are cases where
a homogeneous distribution pattern has been observed over
all arches (Martins et al. 2014). It seems that the fourth gill
arch sustains better conditions for S. chrysophrii even after
application of the supplementary mixture, but its primary
ecological importance for the parasite remains unclear.

In an earlier field trial, using CA alone at 200 mg/kg as
a dietary additive for two months, results similar to those of
the present study were obtained: intensity of S. chrysophrii
was significantly reduced but no impact on growth was ob-
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served (Rigos et al. 2013). However, it should be noted
that the intensity of the parasite was based on counting of
adults on the two external gills of gilthead sea bream. In-
terestingly, the latter study suggests that the overall success
against S. chrysophrii infections of gilthead sea bream is
related to the progress of the disease at the time of treat-
ment and thus its administration should be implemented
during the first stages of the disease or even prior to the
first signs of the disease. This observation was considered
in the present study and, therefore, the modified diet was
initiated prior to the challenge. However, the findings of
the both studies failed to confirm that dietary supplemen-
tation with CA, apart from its proved antiparasitic potency,
is able to compensate growth loss due to S. chrysophrii in-
fection in gilthead sea bream, even thought iron and MOS
were additionally included in the present study. This per-
haps necessitates further optimisation of the added dictary
compounds in future trials.

Other attempts to use natural compounds against
S. chrysophrii have been limited to in vitro trials (Vil-
lar-Torres et al. 2014), but none of the examined substanc-
es (garlic bulbs, leaves of peppermint, valerian, sagebrush
and passion flower) have produced a lethal effect on par-
asites at the tested dosages. Further in vivo investigation
using higher concentrations of these compounds could per-
haps lead to more convincing results about their potential
antiparasitic efficacy. In previous studies, lower dosages
of CA (25 mg/kg fish) were proved effective to control
the diclidophorid monogenean Heterobothrium okamotoi
Ogawa, 1991 affecting the tiger puffer, Takifugu rubripes
Temminck et Schlegel (Hirazawa et al. 2000). No evalu-
ation of fish growth was however included in the above
study making any comparisons impossible.

Abiotic factors such as water temperature have been
found to alter the efficacy of CA (Hirazawa et al. 2001).
In particular, the anthelmintic effect of CA was more ob-
vious at lower temperatures against H. okamotoi, possibly
due to faster utilisation and the metabolic rate of the fish
at higher water temperatures. The use of CA in colder sea-
son in Mediterranean is limiting, because S. chrysophrii
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can significantly affect the evolution of S. chrysophrii in-
fection in gilthead sea bream, being capable of reducing
all stages of the monogenean. However, this alternative
approach requires additional improvement since no direct
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