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In this work, we evaluated the effect of the probiotic Enterococcus gallinarum L-1 on the cellular immune system of
four different fish species of great interest in aquaculture such as gilthead sea bream (Sparus aurata), European sea bass
(Dicentrarchus labrax), meagre (Argyrosomus regius) and red porgy (Pagrus pagrus). Phagocytic activity, respiratory
burst and peroxidase content of leucocytes were observed 30 minutes after incubation with the probiotic E. gallinarum
strain L-1, alive or inactivated with heat shock or ultraviolet (UV) light at different concentrations of 107, 108 and
109 cfu mL−1 (final concentration 106, 107 and 108 cfu mL−1). E. gallinarum produced dose-dependent increments in
respiratory burst in red porgy, sea bream and sea bass leucocytes. About 106 and 107 cfu mL−1 of live and inactivated
bacteria with no stimulation of the respiratory burst activity of sea bream and red porgy head kidney leucocytes was
shown. The highest values of peroxidase content were observed in red porgy cells with stimulation indexes higher than 1
in each treatment. Statistical analysis revealed that differences were only significant in sea bream where UV light-
inactivated bacteria denote statistically significant differences (P < 0.05) with respect to other treatments. Highest values
of phagocytic activity were obtained in sea bream leucocytes incubated with live bacteria (26% ± 1.88), where
significant differences (P < 0.05) with other species were detected. Our results suggest that the in vitro assays may be
useful in optimising their effective dose and viability for the immunomodulatory effects of probiotic bacteria, although
in vivo studies are necessary to confirm the immunomodulatory effect of this strain.
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1. Introduction

In the last few years, the use of probiotics and immunos-
timulants has had a remarkable increase in aquaculture
both due to the intensification of this area and due to the
general tendency of reducing the use of antibiotics
(Thyssen & Ollevier 2001). The environmental impact
caused by the presence of chemotherapeutic agents in the
marine environment and the appearance of bacterial
resistance are the main reasons why probiotics and
immunostimulants are considered as excellent candidates
to control fish diseases (Gatesoupe 1999; Panigrahi et al.
2004; Balcázar et al. 2006; Díaz-Rosales et al. 2009;
García de la Banda et al. 2010; Sharifuzzaman & Austin,
2010). According to the currently adopted definition by
Food and Agricultural Organization/World Health Organ-
ization, probiotics are live microorganisms which when
administered in adequate amounts confer a health benefit
on the host (FAO 2001). There are some limitations
caused by the administration of live bacteria into fish pens
or cages for their potential interaction with the marine
environment. The use of inactivated bacteria clearly
solves such safety-related issues since they can no longer
interact with other aquatic organisms. Probiotics have,

indeed, been redefined as microbial complements, not
necessarily alive, that have beneficial effects on host health
(Díaz-Rosales et al. 2006). Numerous microbes have been
identified as probiotics for aquaculture practices, many of
which differ markedly in their mode of action such as
competition of adhesion sites, production of antibiotic
substances, improvement in feed efficiency and competi-
tion for energy sources (Díaz-Rosales et al. 2009).

Among the numerous beneficial and awaited effects
of probiotics, modulation of immune system may be one
of the commonly purposed and more important con-
sequences. Most of the earlier studies in fish dealt with
growth-promoting and disease-protective ability of pro-
biotics (Nayak 2010). However, in recent years, much
attention has been paid towards the immunomodulating
effects of probiotics in aquaculture (Irianto & Austin
2003; Nikoskelainen et al. 2003; Panigrahi et al. 2005;
Salinas et al. 2005; Díaz-Rosales et al. 2009; García de
la Banda et al. 2010; Sharifuzzaman et al. 2011). A clear
evidence of the benefit effect of probiotics do exist,
particularly on the immune system after administration
of one or several strains along different periods of time
(Balcázar et al. 2007; Villamil et al. 2002; Salinas et al.
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2008; Son et al. 2009; Chiu et al. 2010). However,
in vitro studies that evaluated the immunomodulator
effects of bacteria on the immune cells are particularly
scarce (Salinas et al. 2006; Román et al. 2012). Taking
into account that in most of the studies, the results
obtained in vitro show correspondence to those obtained
in vivo (Salinas et al. 2005; Díaz-Rosales et al. 2006), the
in vitro assays are being developed to reliably identify
the most interesting bacterial strains (Morelli 2000).

The present work is the first study including the
effect of the probiotic Enterococcus gallinarum strain
L-1 on the innate immune parameters of different
relevant fish species for marine aquaculture such as
gilthead seabream (Sparus aurata), European sea bass
(Dicentrarchus labrax), meagre (Argyrosomus regius)
and red porgy (Pagrus pagrus).

The in vitro effects of viable or heat-killed and
UV-light killed bacteria were studied, such as phagocytic
activity, peroxidase content and respiratory burst activit-
ies of head kidney (HK) leucocytes. Thus we do not only
analyze the effect of the same strain on different fish
species but we can also better adjust the concentration to
feed animals in the future.

2. Materials and methods

2.1. Bacteria

E. gallinarum strain L-1 isolated from gilthead sea bream
intestine, according to the in vitro and in vivo character-
istics tested in our laboratory made them suitable as
potential fish probiotic (Sorroza et al. 2013). E. galli-
narum strain L-1 was evaluated in vitro through various
mechanisms of selection, such as production of antagon-
istic effects against pathogens (Austin et al. 1992),
production of antibacterial substance (Nikoskelainen et al.
2001; Kim & Austin 2008), fish bile and pH resistance
(Nikoskelainen et al. 2001) adhesion and growth in intest‐
inal mucus (Olsson et al. 1992; Gómez & Balcázar 2008;
Van der Marel et al. 2008), and the in vivo study of the
protective effect against Vibrio anguillarum European sea
bass (D. labrax) (Sorroza et al. 2013).

The strain was correctly identified as Enterococcus
spp by Polymerase Chain Reaction (PCR) through a
sequencing of the 16S rRNA (Sorroza et al. 2013). E.
gallinarum L-1 was grown at 22°C in tubes containing
10 mL of brain heart infusion broth (BHIB; Pronadisa)
supplemented with 1.5% NaCl, with continuous shaking
for 24 h. Bacterial suspensions were washed with sterile
phosphate-buffered saline (PBS) and the final concen-
tration adjusted to 109 cfu mL−1 by espectrophotometry
(Biophotometer, Eppendorf, USA). E. gallinarum strain
L-1 was used both live and inactivated for the three
different assays. All bacterial cultures were heat-inacti-
vated for 2 h at 60°C and UV-light inactivated for 2.5 h.
Then all bacterial cultures were plated on Brain Heart

Infusion Agar (BHIA) to check the bacteria inactivation
and finally stored at −80°C with until required.

2.2. Fish

Four different healthy species of marine fish were used:
gilthead sea bream ((S. aurata), sea bass (D. labrax),
meagre, (A. regius) and red porgy (P. pagrus) with an
average body weight of 200 g. Sea bass, sea bream and
meagre were kindly provided by a local fish farm
Canexmar (Canary Island), while red porgy were gently
provided by Instituto Canario de Ciencias Marinas
(Telde, Spain). Prior to the study, some fish were
checked in our laboratory for the absence of pathogen
bacteria that could interfere with the study.

2.3. Isolation of HKleucocytes and tested with the
bacteria

Previously, fish were slaughtered in a local fish farm and
in the Instituto Canario de Ciencias Marinas (ICCM)
with an overdose of 2-phenoxyethanol (Panreac) and
then they were transferred to the Instituto Universitario
de Sanidad Animal y Seguridad alimentaria (IUSA). HK
leucocytes were isolated from each fish analysed
(n = 30) under sterile conditions following the technique
described by Secombes (1990) with some modifications.
Briefly, HK leucocytes were excised, cut into small
fragments and transferred to 8 mL of Leibovitz L-15
medium (L-15 medium, Gibco, Gaithersburg, MD, USA)
with 0.35% sodium chloride, 500 U mL−1 penicillin-
streptomycin (Sigma), 0.005 mg mL−1 gentamicyn
(Sigma; Penicillin/Streptomycin/Gentamycin [P/S/G]),
10 U mL−1 heparin (Sigma) and 2% foetal bovine serum
(FBS, Sigma). Cell suspensions were obtained by
forcing the fragments of the organ through a 100-µm
nylon mesh. After centrifugation (400× g for 10 min),
cells suspension was layered on a Ficoll gradient
(Lymphoprep) suspension and centrifuged at 1100× g
for 30 min at 4°C. The interface layer was harvested and
diluted in 1 mL of supplemented L-15 medium and again
centrifuged at 450× g for 10 min at 4°C to remove
residual Ficoll and finally resuspended in L-15 medium
supplemented with P/S/G. Viable cells were stained with
trypan blue and counted in a Neubawer chamber. For the
study of the respiratory burst and peroxidase content,
aliquots of 100 µL containing 106 cells mL−1 in L-15
medium supplemented with P/S/G were added to 96-well
microtitre plates (Nunc, Roskilde, Denmark) and aliquots
of 500 µL containing 107 cells mL−1 in L-15 medium
supplemented with P/S/G were seeded onto 20-mm
diameter glass coverslips in 6-well plates (Nunc, Ros-
kilde, Denmark). After 3 h of incubation at 22°C, the
non-adherent cells were removed, and the medium
was substituted by L-15, and P/S/G was supplemented
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with 2% FBS. HK leucocytes were incubated overnight
at 22°C.

E. gallinarum live and inactivated were adjusted in
PBS to 107, 108 and 109 cfu mL−1, and 100 µL of each
suspension was added to the samples of 100 µL of HK
leucocytes after 30 min of incubation, (final concentra-
tion 106, 107 and 108 cfu mL−1) and peroxidase content
and respiratory burst activities were measured. To study
phagocytic activity a MOI 1:1 technique was realized
after one-hour incubation with live and inactivated
bacteria.

2.4. Study of the immune parameters

2.4.1. Peroxidase content

The total peroxidase content present inside HK leuco-
cytes was measured according to Quade and Roth
(1997). Live and inactivated bacteria, adjusted in PBS
to 107, 108 and 109 cfu mL−1 and 100 µL of each
suspension, was added to the samples of 100 µL of HK
leucocytes and incubated for 30 min. After the incuba-
tion, leucocytes were lysed with 75 µL of 0.02%
cetyltrimethylammonium bromide (CTAB, Sigma).
Afterwards, 50 µL of 10 mM 3,3′,5,5′-tetramethylbenzi-
dine hydrochloride (TMB, Sigma) and 25 µL of 5 mM
H2O2 were added producing a colour-change reaction.
This reaction was stopped after 2 min by adding 50 µL
of 2 M sulphuric acid (H2SO4), and the optical density
was read at 450 nm in a multiscan spectrophotometer
(MultiskanFc, Thermo, Chicago). Controls consisted of
leucocytes incubated with 100 µL of PBS without
bacterial cells.

2.4.2. Respiratory burst activity

The generation of intracellular superoxide radicals by
phagocytes was determined by the reduction of nitro blue
tetrazolium (NBT, Sigma) according to the technique
described by Secombes (1990) and Boesen et al. (2001).
All experiments were carried out in triplicate. Respirat-
ory burst activity of isolated phagocytes from the assay
was expressed as a stimulation index, which was
calculated as the ratio between the absorbance obtained
with phagocytes from fish incubated with bacterial cells
and the absorbance of the controls phagocytes incubated
with phorbol myristate acetate (PMA).

2.4.3. Phagocytic activity

The phagocytic activity was measured as described by
Puangkaew et al. (2004). Then phagocyte monolayer
was incubated with 10 µL of 109 cfu mL−1 (MOI 1:1;
bacteria/macrophage cell ratio) of live and inactivated
probiotic for 1 hour at 22°C. After washing with PBS,
the cells were stained with Diff-Quick solution (Pan-
reac). One hundred macrophages per slide were counted,

and the phagocytic capacity was determined as the
percentage of macrophages with phagocytic ability.

2.5. Statistical analysis

The results are expressed as the stimulation index (mean ±
SE). Thus, values higher than 1 are mean activation, while
lower values reflect inhibition. All statistical analyses
were carried out using the statistical software SPSS
program version 17 (SPSS, Inc., Chicago, IL, USA).
Data were analysed by two-way analysis of variance and
Tukey’s comparison of means when necessary in the case
of peroxidase content and respiratory burst activity data,
and one-way for the results obtained for the phagocytic
activity. Differences were considered statistically signific-
ant when P < 0.05.

3. Results and discussion

The peroxidase content of HK leucocytes of the sea bass,
sea bream, meagre and red porgy incubated with live and
inactivated bacteria with three different concentrations
showed variations among species studied (Figure 1).
Live and inactivated bacteria were stimulated in vitro in
sea bream (Figure 1a), sea bass (Figure 1b) and red porgy
leucocytes (Figure 1c). Statistical analysis revealed that the
differences were only significant (P < 0.05) in sea bream
luecocytes where UV-light inactivated bacteria denote
statistically significant differences (P < 0.05) with respect
to other treatments.

After incubation with 106 and 107 cfu mL−1 of live
and inactivated bacteria (Figure 2), no stimulation of the
respiratory burst activity of sea bream (Figure 2a) and
red porgy HK leucocytes was shown (Figure 2c).
However, when 108 cfu mL−1 was added, stimulation
indexes higher than 1 were observed in these two species
and the UV-light inactivated bacteria denote statistically
significant differences (P < 0.05) with respect to other
treatments.

Maximum slope of respiratory burst activity was higher
after the addition of 108 cfu mL−1 UV-light inactivated
bacteria in sea bass HK leucocytes, showing stimulation
indexes higher than 1 in all treatments (Figure 2b).
Statistically significant differences (P < 0.05) were found
in 108 cfu mL−1 UV-light inactivated bacteria with the
other doses.

Considering that the correlation between in vivo and
in vitro results have been reported in previous studies
(Villamil et al. 2002; Salinas et al. 2006), in this work,
we studied for the first time the immunomodulator effect
of E. gallinarum L-1 on HK leucocytes of four different
fish species of economical relevance. Thus we could
compare how leucocytes of different fish species
responded to the same probiotic and if viability of this
strain influenced the immune modulation.
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In general, it was observed that both alive and
inactivated probiotic produced response in leucocytes
of the analysed fish species and that this response was

dose-dependent. Our results matched to some extend
with those reported by Salinas et al. (2006) in HK sea
bream leucocytes and Román et al. (2012) in HK sea

Figure 1. Leucocyte peroxidase content of HK leucocytes from different species after incubation with live and inactivated bacteria.
Results are expressed as stimulation index obtained by dividing each sample value by its mean control. Significant difference
(P < 0.05).

Figure 2. Respiratory burst activity of HK leucocytes from different species after incubation with live and inactivated bacteria. Results
are expressed as stimulation index obtained by dividing each sample value by its mean control. Significant difference (P < 0.05).
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bream and sea bass leucocytes both incubated for a short
time with different probiotics strains. Salinas et al.
(2006) studied the respiratory burst, peroxide content
and cytotoxic activity of sea bream leucocytes incubated
with probiotics and found a dose-dependent effect in
each of these parameters. In our study, a dose-dependent
effect in the respiratory burst of leucocytes incubated
with E. gallinarum was observed, as described by
Salinas et al. (2006) in sea bream and Román et al.
(2012) in sea bass with the only exception for meagre
leucocytes where no stimulation was induced. The dose
of 108 cfu mL−1 and the UV-light inactivated bacteria
induced the highest response in sea bream, sea bass and
red porgy, and our results are similar to those obtained
by Román et al. (2012). While in sea bream and red
porgy no difference between alive and inactivated strain
was found, in sea bass, the UV-light inactivated bacteria
seemed to produce the highest stimulation. Regarding
the peroxide content, red porgy leucocytes showed the
highest stimulation levels with no differences among
treatments and doses. In this study, the respiratory burst
and the peroxidase content of HK leucocytes of sea
bream and red porgy were similar. Both species belong
to Sparidae family of fish, then it may have an evidence
of the relationship between fish species in response to
the same probiotic strain.

Figure 3 shows the phagocytic activity of leucocytes
incubated with live and killed bacteria inactivated by
both UV-light and heat shock. Results do not show any
differences neither among fish species nor among
treatments. Highest values were obtained in sea bream
leucocytes incubated with live bacteria (26% ± 1.88),
where significant differences with other species were
detected. In all species, an internal vacuole could be seen
in the cell cytoplasm with or without digested bacteria
inside. Phagocytic activity appears at the early stage of
fish’s innate immune response and plays an important
role against bacteria entrance in the organism. It has been
reported that probiotics stimulate in vivo phagocytic
activity of grouper (Sun et al. 2010) after being fed for
60 days with the probiotic bacteria Bacillus spp. Díaz-
Rosales et al. (2006) observed significant differences in
the phagocytic activity among groups of sea bream fed
four weeks with heat shock inactivated probiotic strains.
On the contrary, Lactococcus lactis does not produce any
effect on phagocytic activity of turbot (Villamil et al.
2002). Salinas et al. (2006) studied the phagocytic
activity of four probiotic strains heat-inactivated and
observed by electron microscopy the internalisation of
bacteria inside leucocytes, on the contrary in this work,
we used the same method than Román et al. (2012). In
our study, only the sea bream leucocytes incubated with
live bacteria showed significant difference (P < 0.05)
with other groups, in contrast to the results obtained by
Román et al. (2012) where the best response was in HK

leucocytes of sea bream incubated with UV-light inacti-
vated bacteria. We can consider the probiotic E. galli-
narum L-1 to have a stimulant effect on leucocytes that
remained within basal levels when comparing with data
reported on sea bream (Montero et al. 2008) or sea bass
(Torrecillas et al. 2007), and no data are available for
other fish species studied. Modulator effect of probiotic
E. gallinarum L-1 was not the same in every fish
species: gilthead sea bream, sea bass, meagre and red
porgy, studied in this work. However, it seems to show a
similar response when attending to fish of the same
family. And the reason for this difference can be related
to the intestinal microbiota, the fish environment as well
as some particular requirements of diet.

4. Conclusion

In conclusion, our results showed that probiotic
E. gallinarum strain L-1 is capable of stimulating
leucocytes of sea bream, sea bass and red porgy, but
no stimulation was found in meagre. This stimulation is
dose-dependent in most of the cases, and the dose of
108 cfu mL−1 performed the highest values and no
significant differences between treatments were found.
Our data confirm that in vitro studies are essential not
only to calculate better the effective dose of a probiotic
but also to analyse how the viability of the bacteria
influence the phagocytic activity, respiratory burst and
peroxidase content in order to perform, in the future,
the in vivo studies.
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