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ABSTRACT

This study extends the original description of Eimeria dicentrarchi Daoudi and Marques, 1987, a common
coccidian parasite of European sea bass from the mid-eastern Adriatic, by providing insights into the parasite’s
site of infection, development and pathogenicity. E. dicentrarchi was found in various developmental stages
in most segments, mainly anterior, of the digestive tract. In infected segments of the digestive tract, merogonic
and gamogonic stages were located in the enterocyte cytoplasm, whereas sporogonic stages were situated in
the epithelium and occasionally beneath it, in the lamina propria. Most oocysts in the lumen of the digestive
tract were completely sporulated, indicating endogenous sporulation. E. dicentrarchi infection caused localised
histopathological changes, restricted primarily to individual epithelial cells. Additionally, the results of our
preliminary study suggest that oral administration of potentiated sulphonamide Trimetosul® (trimethoprim-
sulfadiazine) may be effective against E. dicentrarchi infection.
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Introduction

So far only two coccidia of the genus Eimeria Schneider, 1875 have been reported
in European sea bass (Dicentrarchus labrax), namely Eimeria dicentrarchi Daoudi and
Marques, 1987 and E. bouixi Daoudi and Marqueés, 1987. Originally, E. dicentrarchi was
described by DAOUDI and MARQUES (1987) as a species that develops in the pyloric
caeca epithelium. Following the first report in France, E. dicentrarchi has been reported
in several other Mediterranean countries, in both wild and farmed European sea bass
(ALVAREZ-PELLITERO et al., 1993; MERELLA et al., 2006; GJURCEVIC et al., 2011; SITJA-
BOBADILLA et al.,, 2015). Although infections are common, little is known about this
coccidian species.

Information on the control of coccidian infections in fish is scarce in the literature.
Only few of the drugs developed for controlling coccidioses in warm-blooded animals
have been tried on these fish parasites (MOLNAR, 2006). Therefore, MOLNAR and
OSTOROS (2007) investigated the efficacy of nine anticoccidial drugs for the prevention
and treatment of Goussia carpelli infection in common carp.

This paper presents the actual site of infection of E. dicentrarchi and data on its
development and pathogenicity. Furthermore, we attempted to assess the efficacy of
Trimetosul® 48% suspension for the treatment of E. dicentrarchi infection in farmed
European sea bass.

Materials and methods

To gain insight into sites of E. dicentrarchi infection, its development and
pathogenicity, we analysed 60 European sea bass from a commercial fish farm for the
presence of intestinal coccidia. The farm is located in the mid-east region of the Adriatic
Sea (Croatia).

Adult sea bass with an average body weight of 222.9 g (standard deviation [SD]
+ 51.7) were collected from floating sea cages in March, and juvenile sea bass, with
an average body weight of 48.8 g (SD + 6.8), were collected in October. All fish were
collected with a dip net. Following necropsy, samples were transported immediately
to the laboratory. Fresh preparations of mucus and intestinal scrapings were analysed
for infection (MOLNAR, 2006); when oocysts were found, histology was performed to
determine the site of infection. Oocysts were measured using an Olympus DP 12 digital
camera and Cell B software (Soft Imaging System). Mean values of all measurements are
presented in um, and ranges are provided in parentheses.

Histology. For the purpose of histological examination, the digestive tract was divided
into the pyloric caeca, anterior and posterior intestine. Small samples of each were fixed
in a 10% neutral buffered formalin. Fixed material was embedded in paraffin and 5 um
serial sections were prepared. Sections were stained with haematoxylin and eosin (H&E),
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toluidine blue (TB) and periodic acid-Schiff reaction (PAS). Several sections were also
stained with alcian blue at pH 2.5. Sections were analysed by light microscopy using an
Olympus BX41 at magnifications of up to x2000.

Field trial. A field study was performed as a preliminary assessment of the efficacy
of Trimetosul® 48% suspension to treat E. dicentrarchi infection. The study involved
juvenile sea bass with an average body weight of 49.2 g (SD + 7.6), reared in a floating
sea cage and naturally infected with Listonella anguillarum and E. dicentrarchi. The fish
were treated orally with Trimetosul® 48% suspension (Genera, Croatia) at a dose of 9.84
mg of trimethoprim and 49.2 mg of sulfadiazine per kg of body weight, once daily for nine
days. The suspension was diluted in water and sprayed onto commercial pellets. The fish
were hand fed, and medicated feed was eaten immediately. In this floating sea cage, fish
were randomly selected, necropsied and examined for coccidial infection before (n = 30)
and after (n = 30) the 9-day treatment. The infection was evaluated in fresh preparations
of mucus and intestinal scrapings, as well as in histological sections.

Untreated juvenile sea bass naturally infected with E. dicentrarchi, with an average
body weight of 50.8 (SD + 7.1) g, from a neighbouring floating cage served as a control
group. Fish were analysed for infection before and after the 9-day treatment (n = 16 at
each time point).

Results

Oocysts of E. dicentrarchi were found in both juvenile and adult European sea bass.
The overall prevalence of infection was 16.7% (n = 60). Most oocysts in mucus and
intestinal scrapings were in the sporulated condition, and smaller numbers of unsporulated
and semisporulated oocysts were also observed (Fig. 1).

Fig. 1. Oocysts of Eimeria dicentrarchi from the mucus and intestinal scrapings of European sea
bass; fresh mounts. Scale bar = 10 pm. (a) Unsporulated oocyst; (b) semisporulated oocyst; (c)
sporulated oocyst.
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Unsporulated oocysts were round in shape, measuring 11.2 (10.7-11.6). Sporulated
oocysts were round or irregularly shaped, measuring 11.3 (10.0-12.2), with a thin,
membrane-like wall. Each oocyst contained four ellipsoidal, lemon-shaped sporocysts,
which appeared oval in transverse section. Sporocysts filled the entire oocyst space
and were positioned such that three or even four were visible in a single plane. Oocyst
residuum was absent, but a single polar granule with a diameter of 1.5 (1.2-1.6) was
present. Sporocysts had a length of 8.3 (8.1-8.6), a width of 4.9 (4.4-5.6), and a flattened,
split-like Stieda body. Each sporocyst contained two banana-shaped sporozoites with a
large, centrally located, nucleus or refractile body. The sporozoites had a length of 5.9
(4.8-6.9) and width of 1.5 (1.4-1.7) and were arranged head-to-tail in the sporocyst. Most
sporozoites were reflexed on one end. Sporocyst residuum was dispersed and composed
of four or five granules.

Histology and localisation in the host. Histological examination revealed E.
dicentrarchi at different developmental stages (i.e. merogonic, gamogonic and sporogonic
stages) in all three sections of the digestive tract (Fig. 2), although most parasites were
found in the anterior intestine.

The earliest stage observed was a young meront. More advanced merogonic stages
were not observed in any section of the digestive tract. Compared with gamogonic and
sporogonic stages, young meronts were scarce in histological sections. Most meronts and
macrogamonts were localised in the basal part of enterocytes, while most microgamonts
were in the supranuclear region. Oocysts were located in the epithelium and occasionally
beneath it, in the lamina propria.

Macrogamonts were spherical, with a diameter of 9.2 (8.0-10.8). They had an
eccentrically situated nucleus and a large inclusion, which stained pink after H&E.
Macrogamont cytoplasm contained numerous PAS-positive granules (Fig. 3a). Young
microgamonts stained an intense blue with PAS, and had an oval shape with a diameter of
4.3 (3.8-4.8); their nuclei were elongated and localised to the periphery (Fig. 3b). Mature
microgamonts with flagellated microgametes were irregularly shaped and twice as large
as immature (Fig. 3c).

Pathology. No gross pathological changes were detected in any sea bass infected with
E. dicentrarchi. Most histopathological changes were localised and restricted to individual
epithelial cells. Infected epithelial cells were partially destroyed, leading to necrotic
changes. The cell membrane of infected cells was damaged. Release of oocysts into the
intestinal lumen was associated with complete destruction of microvilli and rupture of
the host cell membrane. Vacuolisation of epithelial cells (Fig. 3d) and detachment of
the lamina epithelialis from the lamina propria (Fig. 3e) were occasionally observed in
infected areas. In some heavily infected parts of the digestive tract, mild infiltration of
lymphocytes and macrophages was observed.
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Efficacy of Trimetosul® against E. dicentrarchi infection. Prior to treatment, 19 of 30
fish (63.3%) were infected with E. dicentrarchi, and none was infected afterwards. In the
control group, the prevalence of infection was 25% at baseline and also after nine days.

Fig. 2. (a) Schematic representation of digestive tract of European sea bass indicating the site of
Eimeria dicentrarchi infection. (b) Histological section of oocysts in the pyloric caeca (PAS), (c)
anterior part of the intestine (PAS) and (d) posterior part of the intestine (H&E).
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Fig. 3. Histological sections of European sea bass digestive tract infected with Eimeria
dicentrarchi. Scale bar = 10 um. (a) Macrogamont with numerous PAS-positive cytoplasmic
granules (PAS). (b) Young multinucleated microgamont with most nuclei arranged at the
periphery (PAS). (c) Mature microgamont within a parasitophorous vacuole. Microgametes
appear dark due to staining with TB. (d) Vacuolisation of epithelial cells (%) adjacent to the
semisporulated oocyst (arrow); PAS. (e) Detachment of lamina epithelialis from lamina propria
(arrowheads). The arrow indicates two sporocysts in the sporulated oocyst (PAS).
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Discussion

E. dicentrarchi is a coccidian species originally described from wild European sea
bass in France (DAOUDI and MARQUES, 1987). Since that first species description, very
little has been published about E. dicentrarchi, even though it appears to be a common
parasite of sea bass in the Mediterranean. As a result, its pathogenicity is unknown.

In their original description of E. dicentrarchi, DAOUDI and MARQUES (1987) gave
a detailed description of the morphological characteristics of sporulated oocysts and
meronts, but they did not describe unsporulated oocysts and gamogonic developmental
stages. The morphology of sporulated oocysts in our study is consistent with the original
description, except that the sporocysts in our study were slightly larger and the oocysts
were irregular or round in shape. To some extent, differences in oocyst shape can be
influenced by pressure from the cover slip (MOLNAR and FERNANDO, 1974).

In piscine coccidia sporulation is often endogenous, though it may be exogenous, or
both endogenous and exogenous within one species (DYKOVA and LOM, 1981; DAVIES
and BALL, 1993). DAOUDI and MARQUES (1987) reported that E. dicentrarchi oocysts
leave the host in the sporulated state, meaning that the parasite sporulates endogenously.
While our observations indicate that most oocysts in the digestive tract were sporulated,
some unsporulated and semisporulated oocysts were also observed. Similarly, ALVAREZ-
PELLITERO et al. (1993) reported the presence of sporulated and unsporulated oocysts
of an Eimeria sp. in fresh intestinal smears from European sea bass, and this coccidium
was later identified by SITJA-BOBADILLA et al. (2015) as E. dicentrarchi. BRUNO et al.
(2006) observed unsporulated oocysts of an unidentified Eimeria species in the intestinal
lumen of European sea bass, and the micrograph in Fig. 11 of that paper shows evidence
of sporulated oocysts in the lamina propria. Taken together, these various studies might
be interpreted to mean that £. dicentrarchi exhibits simultaneous endogenous-exogenous
sporulation. Such sporulation has been described for several piscine coccidia from
freshwater and marine fish, including £. etheostomae from lowa darter and Johnny darter
(MOLNAR and HANEK, 1974), E. sillaginis from sand whiting (MOLNAR and ROHDE,
1988), Goussia trichogasteri from golden gourami (SZEKELY and MOLNAR, 1992) and an
Eimeria sp. from Asian seabass (GIBSON-KUEH et al., 2011), later termed G. kuehae by
SZEKELY et al. (2013).

However, we consider that E. dicentrarchi exhibits endogenous sporulation, because
in our study most oocysts in the lumen of the digestive tract were completely sporulated.
We attribute the small number of unsporulated and semisporulated oocysts in the lumen
to destruction of mucosal epithelium as a result of infection. The review by DYKOVA and
LOM (1981) indicates that in the intestine of fish infected with certain coccidial species
exhibiting endogenous sporulation, oocysts may leave disrupted host cells before finishing
sporulation. In such cases, a small proportion of unsporulated and/or semisporulated
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oocysts are discharged into the lumen of the digestive tract. Therefore we concur with
DAOUDI and MARQUES (1987) that E. dicentrarchi sporulates endogenously.

In the original description, E. dicentrarchi was reported to develop in the pyloric
caeca epithelium. Our observations suggest that it also develops in other segments of
the digestive tract, mainly in the anterior part of the intestine. Furthermore, oocysts
were found not only in the epithelium but also in the lamina propria, as reported for
an unidentified Eimeria species from European sea bass (BRUNO et al., 2006). Oocyst
migration from the mucosal epithelium into the lamina propria is likely a result of host
tissue reaction. If so, oocyst migration may follow the pattern described by MOLNAR
(1984) and MOLNAR (1996).

No gross pathological changes due to E. dicentrarchi infection were observed in the
present study. Histopathological examination showed that changes were localised and
mostly restricted to individual epithelial cells. Histopathological changes in the epithelial
layer were similar to those described in large-scaled gurnards infected with another
pathogenic Eimeria species (GJURCEVIC et al., 2008). The presence of epithelial changes
and the subepithelial position of oocysts are important pathological factors. Therefore
we believe that E. dicentrarchi could be a serious pathogen in heavily infected farmed
European sea bass.

As afirst step in identifying treatments for such infection, we performed a preliminary
trial involving the potentiated sulphonamide Trimetosul® (trimethoprim-sulfadiazine).
HARMS (1996) suggested the potential of using sulpha drugs at antibacterial doses to treat
coccidiosis in fish. The results of our preliminary study suggest that oral administration
of a Trimetosul® 48% suspension may be effective against E. dicentrarchi infection in
European sea bass. These findings should be verified and extended in larger studies.
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SAZETAK

Ovo istrazivanje doprinosi izvornom opisu kokcidije Eimeria dicentrarchi Daoudi i Marques, 1987, koja se
ucestalo pojavljuje u lubina u istocnom dijelu srednjeg Jadrana. U radu je prikazan njezin smjestaj u probavnoj
cijevi, razvojni ciklus i patoloski uéinak na domacina. Prisutnost razvojnih stadija E. dicentrarchi utvrdena
je u raznim dijelovima probavne cijevi, uglavnom u prednjem dijelu crijeva. Citav razvojni ciklus odvija se
u citoplazmi enterocita, iako do sporogonije dolazi i u lamini propriji. Oociste veéinom potpuno sporuliraju
u probavnoj cijevi §to upucuje na unutarnju sporulaciju. E. dicentrarchi uzrokuje lokalizirane histopatoloske
promjene primarno ograni¢ene na pojedinacne epitelne stanice. Rezultati preliminarnog istrazivanja pokazuju
da potencirani sulfonamid Trimetosul® (trimetoprim-sulfadiazin) mozZe biti uéinkovit u lijeCenju invazije
kokcidijom E. dicentrarchi.

Kljuéne rije€i: Eimeria dicentrarchi, lubin, razvojni ciklus, patogenost, lijeCenje
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