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Abstract
In order to find the antigen, which could induce the highest immune response in fish, different
antigens were obtained from Lactococcus garvieae (also named Enterococcus seriolicida). Formalin-
Killed Cells (FKC), Whole Membrane Extracts (WME) and Protein M-like (PM) preparations
were obtained from the strain YT-3 (ATCC 49156) and injected i.p. three times into gilthead sea
bream (Sparus aurata L.). Twenty-two days after each injection, the agglutinating antibody titers
and in vitro total blood phagocytosis of immunized and control fish were recorded.
The results showed that FKC and PM preparations increased both antibody titers and
phagocytosis in comparison to controls, while WME preparation was toxic to fish. Particularly,
in PM-immunized fish, antibody titer and Phagocytosis Index rose in time. Moreover, the results
suggested that in the cell wall matrix of L. garvieae is located a good immunogen and that Protein
M could be suitable for a biotechnological sub-unit vaccine application. However, further studies
are necessary before PM vaccine against lactococcosis/enterococcosis can be recommended in
marine fish.

Introduction
Lactococcosis/enterococcosis is a systemic fish
disease spread all over the world. Many
species of fish can be affected by the disease,
particularly yellowtail (Seriola quinqueradiata),
flounder (Paralichthys olivaceus), turbot
(Scophtalmus maximus), striped mullet (Mugil
cephalus), gilthead sea bream (Sparus aurata),
Japanese horse mackerel (Trachurus japonicus)
among sea-water fishes and rainbow trout
(Oncorhynchus mykiss), ayu (Plecoglossus
altivelis), adriatic sturgeon (Acipenser naccarii),
tilapia (Tilapia nilotica), eel (Anguilla japonica),
among freshwater fishes (Kusuda et al., 1978;

Kusuda and Kawai, 1982; Sakai et al., 1987;
Sakai et al., 1989; Ceschia et al., 1992; Kusuda
and Salati, 1993; Carson et al., 1993; Kim and
Lee, 1994; Toranzo et al., 1994; Sakai et al.,
1995; Salati et al., 1996; Kusuda and Salati,
1999; González et al., 2000). Moreover, the
bacteria responsible for this disease have also
been detected in the intestine of wild fish such
as chub mackerel, (Scomber japonicus) and
black scraper (Navodon modestus) (Kusuda and
Salati, 1993).

Lactococcosis is a septicaemic disease and its
symptoms are haemorrhages, petechiae in
opercula and fins and a typical symptom is
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bilateral exophthalmia. The disease appears
particularly at high water temperatures. The
infection has a great importance because it
causes high percentage of mortality in fish,
mostly in those of marketable-size (Ceschia
et al., 1992; Muroga, 1997).

The disease’s causal agent is Lactococcus
garvieae , also classified as Enterococcus
seriolicida (Kusuda et al., 1991; Domenech et
al., 1993; Kusuda and Salati, 1993; Eldar et al.,
1996). The bacterium is an oxidase negative,
catalase negative, non-motile and
facultatively anaerobic Gram-positive coccus.
It is a pathogen, which is often present in
rearing waters. It may cause severe problems
in trout farms.

Since antibiotic therapy is generally useless
because it often induces antibiotic-resistance
(Kusuda and Onizaki, 1985; Sakai et al., 1987;
Palacios et al., 1993; Kim and Lee, 1994;
Toranzo et al., 1994; Sakai et al., 1995),
vaccination is the only way to fight the
disease. Up to date, there are many
commercial vaccines for yellowtail in Japan
and a commercial vaccine (i.e. bacterin,
administered by injection) has been used
against this infection in Europe. However, the
protection induced by these vaccines is not
high and lasts only a few months. The aim of
this study was to find an antigen extracted
from the whole bacterial cell, which could
induce a higher immune response in cultured
fish.

Materials and methods

Bacterial strain and antigens
Enterococcus seriolicida (L. garvieae) reference
strain YT-3 (ATCC 49156), isolated in Japan

in 1974 from a diseased yellowtail, was
cultivated in Brain Heart Infusion (BHI) broth,
containing 1.5% NaCl, for 48 h at 18°C,
collected and washed three times with sterile
distilled water by centrifugation at 10,000 x g
for 20 min at 5°C.

Three antigens were obtained from the YT-3
strain:

- Formalin Killed Cells (FKC); 0.5% formalin
was added to bacteria cultivated in BHI broth
for 48 h at 18°C. The suspension was washed
three times with sterile distilled water by
centrifugation at 10,000 x g for 20 min at 5°C.
The preparation was then lyophilized, stored
at 5 °C and used at a concentration of 10 mg/
ml.

- Protein M-like (PM); a surface protein, it was
extracted by the hot-acid method of Lancefield
(1933). Briefly, washed bacteria were extracted
with 50 mM HCl solution at 100°C for 15 min.
The suspension was centrifuged at 10,000 x g
for 20 min at 5°C and the supernatant was
successively adjusted to pH 7.0 with 1 N
NaOH solution, then centrifuged once more
at 10,000 x g for 20 min at 5°C. Sodium acetate
was added  to the supernatant  and
subsequentely to 95% ethylic alcohol. The
solution was left overnight at 5°C. The
precipitate obtained was then washed with
sterile physiological saline and centrifuged at
10,000 x g for 20 min at 5°C. The preparation
was then lyophilized, stored at 5 °C and used
at a concentration of 0.1 mg/ml.

- Whole Membrane Extracts (WME) were
obtained using the method of Nurminem in
order to extract membrane proteins
(Nurminem et al., 1976). Briefly, lysozyme-
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treated whole cells were extracted twice with
2% Triton X and centrifuged at 10,000 x g at
5°C for 20 min. Finally, extensive dialysis
against distilled water was performed at 5°C.
The preparation was then lyophilized, stored
at 5 °C and used at a concentration of 0.1 mg/
ml.

Experimental animals and aquaria
Five grams gilthead sea bream (Sparus aurata)
were kept in a closed system. This consisted
of 4 three hundred liter tanks with
recirculating natural seawater, which was
filtered by a biofilter. The fish were divided
into 4 groups of 25 fish each. Water salinity
varied from 35 to 40‰, whereas water
temperature followed the natural fluctuations
of the weather and decreased gradually
during the trial from 25 to 16°C then, dropped
suddenly to 12°C 5 days before the end of the
experiment.

Immunization and blood sampling
Before inoculation of the antigens,
immunological parameters (such as the
presence of antibodies against YT-3 strain)
were evaluated in pooled blood samples
drawn from the fish at time 0. This was done
to exclude a  possible sub-clinical infection.

Three groups of fish were immunized with
the antigens: FKC, PM and WME respectively.
The fish of the control group were inoculated
with sterile Phosphate Buffered Saline (PBS).

The first immunization was done 20 days after
the fish arrived to allow for their adaptation.
Inoculation was performed by intraperitoneal
(i.p.) injection; each fish was inoculated with
0.1 ml of antigen or sterile PBS for the controls.

Twenty-two days later, at time T1, blood
samples were taken from each group of fish,
and then the second immunization took place.
Fish were re-inoculated i.p. with 0.1 ml of
antigen suspensions and sterile PBS for the
controls.

Twenty-two days after the second injection,
at time T2, blood samples were collected and
the third inoculation was performed.

The last blood sample was collected 22 days
after the third inoculation, at time T3.

The flow chart of the immunization schedule
was:
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Fifteen sea bream from each group were bled
by cardiac puncture 21 days after the first
immunization; due to the small size of the fish,
the blood was pooled into 4 groups for each
immunization group and for the control
group. The fish were bled again at 21 days
after the second immunization and, again, 21
days after the third immunization in order to
determine agglutination antibody titres and
in vitro phagocytosis of the pooled total blood.
Blood samples were collected for each group
and were used for phagocytosis and antibody
titre determinations.

(a) Phagocytosis: One ml of pooled blood
sample was collected in heparin treated tubes
and immediately added with 50 µl of YT-3
FKC. These tubes were incubated for 6 h at
19°C under shaking. Three microscope slides
were prepared from each group of blood
samples to observe Phagocytosis Index (PI)
and Phagocytic Activity (PA) as previously
described by Salati et al. (1987). PI is the
average number of phagocytized bacteria per
one hundred leucocytes, whereas PA is the
average percent of cells showing phagocytic
activity per one hundred leucocytes.
Microscope slides were stained with Giemsa
stain and observed with an optical microscope
at x 100 magnification.

(b) Antibody titre: One ml of pooled blood
sample was collected, and stored at 4-5°C
overnight. Serum was separated from the clot
by centrifugation at 400 x g for 10 min. The
agglutinating antibody titre was determined
by the microtitre agglutination method of
Takatsy (1969) against formalin killed whole
cells of the strain YT-3.

Results
In the days immediately following  the first
vaccination, most of the WME immunized fish
died, probably due to the toxicity of the
antigenic preparation to the fish species. Only
two fish of the WME group survived until the
T1 blood sampling.

The results of the in vitro counting of the total
blood phagocytosis are shown in Figure 1 and
2. The values recorded for PI (Figure 1) after
the first immunization with FKC, PM and
WME were 2.6 (SD±0.5), 2.7 (SD±0.6), and 3.2
(SD±1.2), respectively, while PI of control fish
was 2.0 (SD±0.7). Moreover, the values
recorded for PI after the second immunization
with FKC and PM were 2.9 (SD±0.6) and 2.1
(SD±0.3), respectively, while PI of control fish
was 2.9 (SD±0.2). However, after the third
injection, the PM group recorded an enhanced
PI (3.5, SD±0.2) compared to the FKC
immunized (3.0, SD±0.7) and control sea
bream (2.5, SD±0.9).

The values recorded for PA (Figure 2) after
the first immunization with FKC, PM and
WME were 85 (SD±5.5), 83 (SD±9.5), and 85
(SD±13.6), respectively, while PA of control
fish was 77 (SD±18.8). Particularly, it is
possible to observe that 22 days after the first
vaccination, at time T1, the WME group
showed the highest values both for PI and PA.
The PA values recorded after the second
immunization were 84.3 (SD±4.7), 77.3
(SD±7.8), respectively for FKC and PM; while
PA of control fish was 81.3 (SD±7.8). After the
third injection, the FKC group recorded an
enhanced PA (82.3, SD±4.2) such as the PM
immunized (82.3, SD±4.7) in comparison to
the control sea bream (69.7, SD±12.0).



Bull. Eur. Ass. Fish Pathol., 25(1) 2005, 44

All the antigens showed that they are able to
stimulate the immune response and that PI,
after the third injection, is significantly higher
in all the immunized fish when compared to
the controls. Moreover at time T2, the highest

values of PI and PA were the ones of the FKC
immunized group. Then, after the third
immunization, at the last sampling, time T3,
the PM immunized group was the one
showing the highest values of PI, whereas the
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Figure 1. Phagocytosis Index (PI) of gilthead sea bream immunized with YT-3 antigens FKC, PM, WME and
controls at times T1, T2 and T3.

Figure 2. Phagocytosis Activity (PA) of gilthead sea bream immunized with YT-3 antigens FKC, PM, WME
and controls at times T1, T2 and T3.
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value of PA was similar to that observed for
FKC group. Anyway, it is to be noted that for
each sampling, PA values were quite similar
to each other within the immunized groups
and that the differences were not significant.

The agglutinating antibody titre recorded at
the three sampling times in immunized and
non-immunized fish are shown in Table 1.
Twenty-two days after the first vaccination,
at T1, only fishes inoculated with FKC antigen
showed an increase of titre, while PM
immunized fish did not show increase of titre.
In order to observe the booster effect induced
by the second injection of each antigen, the
second agglutination titre was determined 22
days after the second immunization at T2.
Both the agglutinating antibody titres of FKC
and PM groups were higher than after a single
immunization, but only the FKC group
showed a clear booster effect, because the
increase of titre of the PM group was weaker.

The third and last agglutination test was
performed 22 days after the third injection, at
time T3. In this case FKC group showed
agglutinating antibody titre similar to the one
observed in the first sampling, whereas PM
immunized fish showed the highest titre.

Discussion
This study was performed to lay out the basis
to evaluate the immune response of sea bream
to inactivated and protein preparations of L.
garvieae (E. seriolicida) in order to obtain an
effective vaccine against lactococcosis/
enterococcosis.

The results obtained suggest that two of the
antigens tested in this study may be effective
as immunogens: both FKC (used as positive
control) and PM antigens induced a good
response in antibody production and total
blood phagocytosis in gilthead sea bream
inoculated i.p. This way of administration was
chosen as it is immunologically effective
(Sakai et al., 1987; Sakai et al., 1989; Palacios
et al., 1993; Toranzo et al., 1995), in spite of
the difficulty of applying it to a great number
of fish (as the case would be in a fish farm).

From the results obtained in observing the
phagocytosis slides, it could be suggested that
the inoculated antigens play an important role
in the rise of cellular immune response. FKC
and PM antigens need respectively 44 and 66
days (corresponding respectively to times T2
and T3) from the first vaccination and
repeated inoculations to induce a slow rise in
the total blood phagocytosis.

Regarding the production of specific
antibodies, the microtitre agglutination tests
indicate that the immunological effect of FKC
antigen is mainly recorded in a relatively short
time, whereas the PM antigen need several
injections to induce an immune response,
slower but prolonged in time and level. This
could be explained by the physico-chemical
characteristics such as the tertiary structure
of the preparation’s proteins, which could

Table 1. Antibody titer evolution of gilthead sea
bream immunized with YT-3 antigens: FKC, PM,
WME and controls, at times T1, T2 and T3. * nd:
not done
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influence the diffusibility, the strength and,
consequently, the immunogenicity of the
antigen(s).

In trout streptococcosis it has been observed
by Sakai et al. (1989), that FKC administered
either by immersion or intraperitoneally
showed enhancement of phagocytosis.
Moreover it has been reported that
phagocytosis plays an important role on the
immune response and protection of
vaccinated fish (Salati et al., 1987; Sakai et al.,
1989); the protection in immunized fish is
probably attributed to the cooperative effect
of the activated serum and phagocytes
(Kusuda et al., 1996). Other studies showed
the importance of the agglutinating antibodies
produced in the intestinal mucus, suggesting
that intestine is an important place to fight
this infection in fish (Kusuda and Takagi,
1983). However, protein M-like preparation
has never been tested on fish, but a recent
study on L. garvieae vaccination suggests that
the protection is induced by the capsular
material of the bacterial cells (Ravelo et al.,
2003).

Regarding the length of protection, it has been
reported that toxoid-enriched Enterococcus sp.
bacterins induced a strong degree of
protection in turbot, which lasted for one year
(Toranzo et al., 1995), whereas other authors
have shown in trouts at 6 months, lasting
immunity by streptococcus bacterins without
any addicion (Eldar et al., 1997). In the present
study the increase of immune response was
obtained after a relatively long time (more
than 2 months) and with repeated injections
of antigen suspensions. Therefore the
immunogenicity of the future preparations
should be enhanced by the presence of either

haptens or carriers in order to increase their
speed and strength.

In conclusion, it is possible to suggest that a
good immunogen is located in the cell wall
matrix of L. garvieae and that Protein M-like
could be suitable for a biotechnological
vaccine application. However, further studies
on experimental challenge and on methods
that could increase the immune response of
fish are necessary and other routes of vaccine
administration, effective but easier to a fish-
farm application, should be investigated.
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