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Streptococcal infections of farmed

fish

®. ABavacomnotrou*', Roberts R.].?

ITEPIAHWH. To yévog Streptococcus nepiéyer éva peydro apif-
p6 Gram Oeukav fakmnpiov. Mévov pepixoi iétumor égouv amo-
povebei ota wapia ka1 ta mo naboyédva ibn avikouv otnv opd-
8a pe opéwmo D nov eivai yvwotd wg Enterococci. Znpaipia
ané ta Pakuipia autd yia npdm @opd avapépOnke otnv 1p16i-
Covoa néotpoga (Onchorynchus mykiss) oy lanwvia w 1958.
Ané t6te n aoBéveia epgavilerar onopadikd ot extpedpeva i
aypia pdpia téoo yrukot 600 ka1 Oadaoorvoyd vepod oe 6lov tov
xéopo. Ta €ibn Enterococcus sp. npokalolv onpavuké 01kovo-
pukég emIM@oeIs, £161kd ova Haddooia £i6n. Ané ta wapia yhukoy
vepoU n néotpoga (Onchorynchus mykiss) ka1 n Tiddma
(Oreochromis niloticus) eivai ta mo onpavukd ién papidv nou
npoofdrdovtar. Ta khivikd cupmopata Siapépouv avarbdywg pe
ta npoofePfinpéva eibn yapiwv. Ta mo ouyvéd supmdparta efvas
avopedia, avopalieg kodipPnong, okodpog xpwpauopds, opbak-
puixég ahdoidoeis, e§wtepikég arpoppayikég alhoidoeig Kat e§ed-
k@oeig. To ovownpa tavtonoinong PaociCera otny avuyovikénta
ToU KUTIapIKoy Tory@patog kat yiverar pe Pdon to ovowmpa tou
Lancefield, 6nou ta Paxtdpia Siaxpivovar oe Enterococcus fi
Enterococcus-like streptococci pe fdon xapaktnpioukd, 6nwg n ar-
péAuon ka1 wa Proynpikd yapakmpioukd. Me féon autd ta xp1-
tipia pepikd otedéyn €xouv yapakmpiotei wg tautdonpa. ‘Exer
Ppebei bu ta oredégn and ydpia yrukot vepot otnv Apepiki avi-
kouv omnv opdba B (Lancefield’s group B), evd epeuvniég omv la-
novia, apov avéducav nodudpiBpa otedéyn and phpia wu eioug
Seriola sp. an6 Oadaocoxarhiépyeteg, ardd ka1 and xéha, pe Pdon
1 pé0oSo tou uPp1Siopot katéAn§av oto oupnépacpa 6u ta fa-
Kuipia eival mo kovid oto yévog Enterococcus ka1 6u n véoog oty
Ianovia ota Oadacoivd pdpia Oa mpéner va ovopdlerar
“Enterococcal infection”. Ae§apevii y1a tn petdSoon g véoou &f-
vai ta faxtipia mou anofdddoviar and ta asevi papia. Ta Pa-
Kuipia autd mapapévouv oty 140 yipw amd TG eKtpo@ég yia pe-
yddo xpoviké Sidomnpa. Meyahitepog apifpég faknpiov undp-
xet oo 0adaoo1vé vepd to kadokaipl, Eve) TOUG YeEIPEPIVOUG piveg
autdg efvar peyaddtepog otnv 120 tou mubpéva. (Kitao etal. 1979).
Le pdpia yrukot vepot éxer Ppelei 6u n véoog éxer oxéon pe o
opyavik6 @optio ka1 Tn péruven oe notapols nou tpopodototv

Avaokonnon
Review article

Streptococcal infections of farmed

fish

Athanassopoulou F*', Roberts R.J.?

ABSTRACT. The genus Streptococcus is large and complex,
accommodating a wide range of Gram positive bacteria. Only a few
biotypes have been isolated from fish and the most pathogenic are
those belonging to D serogroup, otherwise known as the
Enterococci. Streptococcal septicaemia was first among cultured
rainbow trout (Onchorynchus mykiss) in Japan in 1958. Since
then, the disease has appeared sporadically or in epizootics among
cultured or wild fish both in freshwater and marine environments
all over the world. Among the freshwater species infected, rainbow
trout (Onchorynchus mykiss) and tilapia (Oreochromis niloticus)
are the most important species. Clinical signs vary among species
of affected fish. The most common symptoms are loss of appetite,
erratic swimming, darkening of body colour, eye lesions, external
haemorrhagic lesions and ulcerations. The standard system for
identification is based on the antigenicity of the carbohydrate
moiety of the cell wall, according to a scheme devised by Lancefield
in the 1930’s. The American freshwater isolates obtained by
Robinson & Meyer (1966), Plumb et al. (1974), Rasheed & Plumb
(1984) were all typed Lancefield’s group B serotype in contrast to
almost all of the much more frequent isolates from marine fish,
which are usually untypable Enterococcus-like strains. The
Streptococcus strains isolated from yellowtail (Seriola sp), ayu
(Plecoglosus altivelis) and flounder (Rhombosolea sp) have similar
biochemical reactions to Streptococcus iniae, a species isolated from
dolphins by Pier & Madin (1976), which is defined in Bergey’s
Manual as a separate species. Kusuda et al.(1991) have analysed
numerous strains from yellowtail infections in mariculture and in
eels and have concluded, on the basis of DNA/DNA hybridisation
studies and biochemistry that a specific condition, caused by such
streptococci, exists and that these bacteria were closest to
Enterococci in characteristics and that infectious coccosis of marine
fish, as seen in Japan, should be called “Enterococcal infection”.
Enterococci released from diseased fish seem to be the main source
of infection. It has been shown that these bacteria remain in
seawater and particularly in the mud around farms for a long time.
Higher numbers of microorganisms exist in the seawater during
summer months in contrast to the winter months when the bacterial

*! Egyaotijoto Ixfuohoyiog & IxBuomaboroyiog, [Mavemonjuwo Oeo-
oahiog, Twjpno Kmviatowrie, Towdhov 221, 431 00 Kapditoa, EMAdg
E-mail: eathan@vet.uth.gr - *Corresponding author

* Institute of Aquaculture, University of Stirling, Stirling, Scotland
FK94LA

Huegoounvia vrroforijs: 31.01.2004
Huepounvia eyxoiocws: 15.06.2004

*! Laboratory of Ichthyology & Fish Pathology, University of Thessaly,
Faculty of Veterinary Medicine, School of Health Sciences,

224 Trikalon str., Karditsa, 431 00 Greece.

E-mail: eathan@vet.uth.gr - *Corresponding author

* Institute of Aquaculture, University of Stirling, Stirling, Scotland
FK94LA

Submission date: 31.01.2004
Approval date: 15.06.2004



ATHANASSOPOULOU F., ROBERTS R J.

137

extpo@ég kai 181k oe Oeppokpaocieg 21-22°C (Ghittino & Praero
1992). Ta dypra pdpia propouy, eniong, va petabboouy m véoo.
ITiotederat 6u n petdSoon efvar dpeon ané poluopéva pdpia kat
tpopi. O1 pnyaviopoi tng naBoyéveiag g véoou Sev efvar md-
pWG Katavontoi.

Aé&e1g eupemnpiaong: Streprococcus, Enterococcus infections,

cultured fish.

1. INTRODUCTION

The genus Streptococcus is large and complex,
accommodating a wide range of Gram positive bacteria.
They obtain their name from the characteristic division
along an horizontal axis in liquid media to produce chains
of round cells (streptos=chain, coccos=globe). They are
commensals of humans and animals. Only a few biotypes
have been isolated from fish and the most pathogenic are
those belonging to D serogroup, otherwise known as the
Enterococci. Enterococci are part of the enteric microflora
and are indicators of faecal contamination of the aquatic
environment. Also they are recognized as pathogens for
both higher animals and fish.

Streptococcal septicaemia was first reported among
cultured rainbow trout (Onchorynchus mykiss) in Japan in
1957 (Hoshina et al. 1958). Robinson & Meyer (1966)
reported two epizootics in golden shiner (Notemigonus
crysoleucas) and the bacterium was isolated from diseased
fish involved in epizootics in estuarine bays along the
Alabama and Florida coast of Gulf of Mexico (Plumb et al.
1974). Since then, the disease has appeared sporadically or
in epizootics among cultured or wild fish both in freshwater
and marine environments all over the world.

2. Species specificity and distribution

Enterococcosis of cultured fish has been described in
a wide range of species: among the freshwater species
infected, rainbow trout (Onchorynchus mykiss) and tilapia
(Oreochromis niloticus) are the most important species
affected. The bacterial species involved were Streptococcus
shiloi and Streptococcus difficile causing meningoencepha-
litis in fish in Israel (Eldar et al. 1994). Streptococcus
faecalis was also reported from rainbow trout from
northern Italy (Ghittino & Prearo 1992), whereas Eldar et
al. (1996) isolated Enterococcus seriolicida from diseased
rainbow trout from Italy also, suffering from septicacmia
and meningoencephalitis. Enterococcus sp. causes
economically important losses in marine culture fish. Apart
from Japan, outbreaks have been reported from cultured
marine fish in Singapore (Foo et al. 1985), USA (Plumb et
al. 1974; Baya et al. 1990; Chang & Plumb 1996), Spain
(Toranzo et al. 1996), Greece (Varvarigos 1998) and

load is higher in the mud (Kitao et al. 1979). Ghittino & Prearo
(1992) have shown that in freshwater fish the outbreak of the
disease was related to an organic pollution of the rivers supplying
fish farms, associated with high water temperature (21-22°C). Wild
fish can also be infected and spread the bacteria. It is generally
believed that the infection is horizontal with infection occurring
from direct contact with infected fish or contaminated fish food
(Robinson & Meyer, 1996). The mechanisms of enterococcal
infections pathogenicity are not yet fully understood.

Key words: Streptococcus, Enterococcus infections, cultured fish.

Kuweit (Evans et al. 2002). It is only in Japan, however,
that it has been recognized as a very serious and
economically important disease of cultured fish (Hoshina
et al. 1958; Kusuda et al. 1976; Kitao 1982; Aoki et al.
1990; Kusuda et al. 1991) and it has developed as the
important disease in yellowtail aquaculture industry (Alim
et al. 1996). The condition is not only confined to yellowtail
(Seriola sp) and sea farmed rainbow trout. Ayu
(Plecoglossus altivelis), salmonids (Onchorynchus spp), eels
(Anguilla anguilla), flounder (Rhombosolea sp) and
amberjack (Pleuronectes flesus) have also been found to
develop the condition involving infection with the bacterial
species now designated as Streptococcus seriolicida, (after
seriola=yellotail its principal host in Japanese waters)
(Minami 1979; Iida et al. 1982, 1986; Kawahara & Kusuda
1987; Kusuda et al. 1991; Kitao 1993).

In Singapore, mass mortality was reported in rabbitfish
(Siganus canaliculatus) (Foo et al 1985) as a result of
Enterococcus and in the USA, whereas Baya et al. (1990)
described a serious outbreak in Chesapeake Bay in wild fish
involving blue fish, striped bass and sea trout. In Spain,
isolated outbreaks have been reported in coastal turbot
culture (Toranzo et al. 1995, 1996) involving two strains
Streptococcus parauberis and an Enterococcus-like
bacterium which resembles Enterococcus seriolicida
(Toranzo et al. 1995, 1996 Domenech et al. 1996). In
Canada, human disease was associated with handling of
farmed Atlantic salmon (Weinstein et al. 1997) and strains
from fish were also isolated (Ferguson et al. 1994). The
disease has also been reported from Australia, South Africa
(Carson et al. 1993) and Saudi Arabia (Alharbi 1994).
Streptococcus iniae was isolated from diseased wild fish,
collected near a mariculture facility, where gilthead sea
bream and European sea bass exhibited a similar infection.
Species-specific PCR and ribotyping confirmed that wild
and cultured fish were infected by a single S. iniae clone
(Zlotkin et al. 1998). The condition has been of interest also
in Greece, the leading producer of sea bream Sparus aurata
L. and bass Dicentrarchus labrax L. in the Mediterranean
Sea. Sporadic reports and information exist that the disease
has occurred throughout the Greek mariculture industry at
increasing levels since 1995. Fish involved are principally
sea bream and bass (0.5-3g of weight), but also newly
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Ilivaxag 1. Audyvmon OTQETTORORRWV
Table 1. Presumptive identification of streptococci

Category Cellular Haemolysis Group SXT BE test Salt
arrangement antigen resistance tolerance

Group A strept. chains beta A yes -- -

Group B strept. chains beta B yes -- +

"Groupable"

beta-haemolytic

streptococci, chains beta Not A, B,orD no - --

not group A, B,

orD

Group D, short chains, alpha, beta, D yes + +

enterococci diplo none

Group D, short chains, alpha, none D no + -

not enterococci diplo

Viridans chains alpha, none none no - -

streptococcei

established fish species, such as Dentex dentex and Puntazzo
puntazzo, are also affected (Varvarigos 1998; Athanasso-
poulou et al. 1999; Prapas, pers. com.). There is no detailed
data on these species, but field evidence suggests (Prapas,
unpublished data) that the condition is an acute bacterial
septicaemia characterized by the presence of Staphylococci,
Streptococci and Enterococci. In some cases, mixed
infections with Gram negative bacteria, such as Pasteurella
and Vibrio sp., are also present, especially in later stages of
the development of the disease.

3. Clinical signs and pathology

Clinical signs vary among species of affected fish. The
most common symptoms are loss of appetite, erratic
swimming, darkening of body colour, eye lesions, external
haemorrhagic lesions and ulcerations (Inglis et al. 1993).
The haemorrhagic lesions are raised with a dark zone
around them; these are more superficial than the
furunculosis or Vibrio lesions, but gradually they ulcerate
(Chang & Plumb 1996).

Areas particularly affected are the dorsum, the area
anterior to the caudal peduncle, the opercula, around the
mouth, the anal fin and the vent. (Roberts 1987).

Histologically, the lesions are characteristic in the eye,
where exophthalmus due to retrobulbar oedema and
congestion is followed by cellular infiltration into the
choroids and necrosis of orbital elements. Ultimately,
haemorrage into the eye may lead to evulsion of the entire
orbital content (Roberts 1987). Other findings comprise
hyperaemia of bronchial vessels, macrophage infiltration
of gill lamellae and rupture of secondary lamellae leading
to acute mortality. The internal organs affected include
mainly the spleen and the liver, but also the kidney and the
heart are affected by infarctive local haemorrhage and
necrosis, which characterize the condition. Pericarditis,

fibrohaemorrhagic adhesions of pericardium and of
visceral and parietal peritoneum are also findings occurring
frequently (Plumb et al. 1974; Kusuda et al. 1976; Kitao et
al. 1981; Jo 1982; Baya et al. 1990; Kitao 1993; Robinson
& Meyer 1966). Nieto et al. (1995) have described two
forms of the disease in turbot, a focal form involving eye,
skin lesions and meningitis and a generalized form
affecting most internal organs with purulent exudate in
the peritoneal cavity. Often in streptococcal infections, it
is extremely difficult to find the bacteria even in tissue
sections stained with specialized stains possibly due to the
fact that the lesions have been caused by the exotoxins
released from a specific focus of bacteria elsewhere
(Sanjeev & Surendran 1992).

4. Aetiological Agent

The genus Streptococcus includes a wide range of
Gram-positive bacteria which are spherical or oval and
generally less than 2 pm in diameter forming pairs or
chains when grown in liquid media. They are generally
non-motile, facultative anaerobic and chemo-organot-
rophic. Their metabolism is fermentative and have a G+
C ratio of DNA between 34-46% (Inglis et al. 1993).

The standard system for identification is based on the
antigenicity of the carbohydrate moiety of the cell wall,
according to a scheme devised by Lancefield in the 1930’s
(Lancefield 1933); (Lancefield typing criteria have been
colloquially referred to Enterococcus or Enterococcus-like
streptococci based on other characteristics, such as
haemolysis and biochemical features. Recently, based on
these features, some strains have been renamed with
synonyms (Eldar et al. 1995a, 1996).

5. Cultural and biochemical characteristics

There is considerable variation in biochemical
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Mivoxrag 2. XoQaxumOLOTRA TV B-CLULOATIRGDY KAl (1N CLUOAMTIRMY OTQETTORGHRMV TOV group B amd didpooa i YaoLdv
Table 2. Characteristics of 3-haemolytic group B and non-haemolytic group B Streptococcus from different fish species

B-haemolytic

Non-haemolytic

Test Sakai et al. Eldar et al. Baya et al. Wilkinson, Thacker Robinson & Meyer
(1936) (1994) (1990) & Facklam (1973) (1966)
OF test —/— +/+ —/- —/— nr
Haemolysis B Non-haemolytic Non-haemolytic Non-haemolytic Non-haemolytic
Catalase - - + - nr
Oxidase - - - - nr
Acetoin production + + + nr nr
Hippurate + - nr + nr
Esculin - - nr nr nr
Starch - - - - -
Pyrrolidonylarylamidase - - nr nr nr
a-Galactosidase - - nr nr nr
B-Glucorinase - - nr nr nr
B-Galactosidase - - nr nr nr
Alkaline phosphatase + + nr nr nr
Leucine arylamidase + + nr nr nr
Arginine dihydrolase + + + nr nr
Mannitol - - - nr nr
Growth at
10°C - - 15°C) nr nr
37°C + - +(30°C) nr nr
45°C - - (40°C) nr
Growth at pH 9.6 - + nr nr nr
Growth in media containing
4.0% NaCl T+ nr nr + -
6.5% NaCl - - (6.0%) - -
10% bile - nr nr - -
40% bile - - nr - -

OF test, oxidation, fermentation test; nr, not reported.

properties between isolates. The isolation of these bacteria
is greatly enhanced by the use of blood based media, which
allow demonstration of the haemolytic property which is
sometimes used to subdivide the group. Sakai et al. (1993b)
suggested that the API ZYM rapid system of identi-
fication, with additional tests, such as Gram stain and
cytochrome oxidase and catalase, are sufficient to distin-
guish several biotypes (Tables 1 & 2).

6. Serology and antigenic variations

Different serotypes of Streptococci can be tested by
precipitations ring tests, by gel diffusion (Rotta et al. 1971)
or counter current electrophoresis (Dajani, 1973). In each
case an extract of the group specific antigens is used, which
can be obtained by hot acid extraction, hot formamide
(Fuller 1938) or the autoclave extraction of Rantz &

Randall (1995). Other techniques include coagglutination
(Christensen et al. 1973) and immunofluorescence (Cars
et al. 1975). Sera for typing are normally obtained in
standardized series from commercial diagnostic reagent
suppliers. The American freshwater isolates obtained by
Robinson & Meyer (1966), Plumb et al. (1974), Rasheed
& Plumb (1984) were all typed as falling into Lancefield’s
group B serotype in contrast to almost all of the much
more frequent isolates from marine fish, which are usually
untypable Enterococcus-like strains. The Streptococcus
strains isolated from yellowtail (Minami et al. 1979), from
ayu (Ohnishi & Jo, 1981), from flounder (Nakatsugawa
1983) and from yellowtail by Kaige et al. (1984), all have
similar biochemical reactions to Streptococcus iniae, a
species isolated from dolphins by Pier & Madin (1976),
which is defined in Bergey’s Manual (Hardie 1986) as a
separate species. It is not able to be classified by
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Lancefield’s scheme. Kawahara & Kusuda (1987) have
subsequently shown by immunofluorescence that these
strains all serologically cross react with Streptococcus iniae.
The exact taxonomic position of S. iniae from fish within
the serological scheme which is the basis of classification,
is not therefore, certain. Some strains from similar
outbreaks in yellowtails in Japan differed from S. iniae
strains in being a haemolytic. They had characteristics of
Streptococcus faecalis and Streptococcus faecium (Kusuda
et al. 1976; Kitao 1982, 1983), but again they did not react
with Lancefield Group D antisera. Kusuda et al. (1991)
have analysed numerous strains from yellowtail infections
in mariculture and in eels and have concluded, on the
basis of DNA/DNA hybridisation studies and bioche-
mistry, that a specific condition caused by such streptococci
exists and that these bacteria were closest to Enterococci.
Therefore, this infection of marine fish, as seen in Japan,
should be called “Enterococcal infection” (Kusuda et al.
1991). Toranzo et al. (1995) tested polyclonal antisera
against strains of virulent Enterococcus strains in turbot
and found that serological identification of Enterococcus
strains in turbot, using these methods, were very problema-
tical due to cross reactions with other group of bacteria. In
contrast to this, Leiro et al. (1996) found that specific
turbot serum antibodies, raised against isolate of an Ente-
rococcus strain pathogenic to turbot, did not cross react in
enzyme-linked immunosorbent (ELISA) with other
enterococcal or non-enterococcal Gram positive bacteria.

7. Diagnosis

Presumptive diagnosis can be made by the typical clini-
cal signs and the isolation of Gram positive bacteria from
the brain and internal organs of affected fish. Bacteria are
best isolated from the brain (Sugiyama et al. 1981). Todd
Hewitt medium, brain heart infusion or heart infusion
media containing 0.5% glucose at 25-30°C are normally
used for the isolation of the bacteria in the laboratory. A
definite diagnosis requires serological typing and
fluorescent antibody techniques (Kawahara et al. 1986).

8. Epizootiology

Reservoir of infection

Enterococci released from diseased fish seem to be
the main source of infection. It has been shown that these
bacteria remain in seawater and particularly in the mud
around farms for a long time. Higher numbers of
microorganisms exist in the seawater during summer
months in contrast to the winter months when the bacterial
load is higher in the mud (Kitao et al. 1979). Ghittino &
Prearo (1992) have shown that in freshwater fish the
outbreak of the disease was related to an organic pollution
of the rivers supplying fish farms, associated with high
water temperature (21-22°C).

Wild fish can also be infected and spread the bacteria.
Minami (1979) recovered Streptococcus species from a

number of wild fish, such as anchovies (Engraulis japonica),
sardines (Sardinops melanosticta), the round herring
(Etrumeus micropus). Furthermore, it was found that the
bacteria can survive in frozen fish for up to six months
and that some of these fish are used as fish feed in
Japanese mariculture (Minami 1979; Yasunaga 1982).
Thus, contaminated feedstuff can also be a source of
infection for farmed fish. Fish that survive from epizootics
are also reservoirs of the infection.

9. Mode of transmission

It is generally believed that the infection is horizontal
with infection occurring from direct contact with infected
fish or contaminated fish food. Robinson & Meyer (1996)
proved that the disease could be readily transmitted
experimentally by introducing infected golden shiners to
healthy aquarium fish. Infection could also be induced by
placing healthy fish in bath suspensions of bacterial cells
for 10 minutes. Many researchers have reported successful
experimental infections by the intraperitoneal and
intramuscular route (Hoshina et al. 1958, Robinson &
Meyer, 1966, Cook & Lofton, 1975; Ohnishi & Jo, 1981;
Sugiyama et al. 1981; Iida et al., 1986. Recently, Romalde
et al. (1996), tried different routes of experimental
infections in turbot and concluded that the horizontal
transmissions through water and the fecal-oral route are
the most important mode of infection in this fish species.
A number of reports exists in the recent literature
suggesting that the environmental conditions influence
the transmission and pathogenicity of the disease. Perera
et al. (1997) reported that greater mortality rates were
observed in artificially infected tilapia (by oral
administration and by dipping fish in contaminated water)
maintained at 20° C than those kept at 15, 25, 30 or 35°C
and in water with pH=9, compared to fish kept in more
acidic water. Fukuda et al. (1997a,b) have also showed
that horizontal transmission occurs more easily among
yellowtail kept in hypoxic than in hyperoxic conditions.

10. Pathogenicity

The mechanisms of enterococcal infections
pathogenicity are not yet fully understood. The
pathogenicity of a-haemolytic Streptococcus species in
yellowtail is enhanced by in vivo passage through yellowtail
(Kusuda & Kimura 1978). KG-types are considered more
virulent than KG+ strains (Kitao 1983). The pathogenicity
of Enterococcus seriolicida appears to be partly, at least,
related to the agglutination pattern (Alim et al. 1996) and
to an exotoxin (Watson 1960), which is higly related to
disease and death in this fish species (Kimura & Kusuda,
1979; Minami et al, 1979; Kusuda & Hamaguchi 1988,
1989). The virulence of Streptococcus shiloi and S. difficile
in tilapia (O. niloticus) and trout was also increased after
three passages in vivo without culture on agar (Eldar et al.
1995b). Robinson and Meyer (1966) found that injections
of group b (gamma haemolytic) streptococci are lethal to
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some marine fish species. Cook & Loften (1975) investi-
gated the pathogenicity of the Streptococcus species,
initially isolated by Plumb et al. (1974) to five species of
fish. Ohnishi & Jo (1981) found that b-haemolytic Strepto-
coccus species isolated from ayu were very pathogenic for
tilapia, yellowtail and seabream (Pagrus major), but not for
either carp or black seabream (Acanthopagrus schlegel).

However, recent studies on Streptococcus species
isolated from tilapia, carp, mullet and striped hybrid bass
(a-haemolytic) showed that only stress factors increased
the mortality and the authors suggested that these species
are opportunistic pathogens, because they are widespread
in the aquaculture environment and because of their
dependence on stress to assert pathogenicity (Bunch &
Bejerano 1997).

11. Control

Chemotherapy and preventive measures

Erythromycin is generally believed to be effective
against streptococcal infections in cultured yellowtails
(Shiomitsu et al.1980; Katae et al. 1980), in rainbow trout
(Kitao et al. 1987;Carson & Statham 1993) at doses 25-50
mg/kg body weight of fish/day for 4-7 days. Erythromycin
was also used to treat Gram positive infections in sea
bream and bass in Greece at a dose 50-100 mg/kg body-
weight without though, eradicating the disease (Varvarigos
1998). Other antibiotics like doxycycline (Kitao & Aoki
1979), kitasamycin, alkyl-trimethyl-ammonium-calcium-
oxytetracycline, josamucin, oleandomycin and linkomycin
have also been used to control streptococcosis in cultured
yellowtail in Japan (Inglis et al. 1993; Carson & Statham
1993). Aoki et al (1990) has reported resistance of these
antibiotics among strains of Streptococcus species isolated
in Japan and Bates (1997) has documented the presence of
vancomycin- resistant enterococci in the stools of
asymptomatic human individuals. Enrofloxacin was
recently suggested to have excellent potential as an
antibacterial for sunshine bass infected with Streptococcus
iniae (Stoffregen et al. 1996). Recently, the research is
focusing in preventing the disease. Reducing overcrowding,

overfeeding, unnecessary handling or transportation and
prompt removal and slaughter of all moribund fish in
ponds or cages at an early stage of infection is still an
effective way of preventing outbreaks. Ozone treatment of
marine water was proved to be effective in disinfecting
seawater from FEnterococcus seriolicida and other
pathogens and was suggested as a means of improving
mariculture efficiency (Sugita et al. 1992). Furthermore,
recent research is directed towards boosting the immune
status of the farmed fish. New substances, such as
peptidoglucans (Matsuyama et al. 1992; Itami et al. 1996;
Tinman et al. 1997) and bovine lactoferin (Sakai et al.
1993a) have been tried due to their ability to enhance
resistance to rainbow trout and Japanese farmed fish.
Toranzo et al. (1996) found that b-glucan in feed induced
an enhancement of the non-specific defense mechanisms
of turbot, but did not protect it against Enterococcus
infection. Vitamins, like tocopherol and mineral mixtures,
have also been tested in relation to resistance to
streptococcal disease in yellowtails, but the authors found
that fish infected with Streptococcus sp. had strong
resistance with increased survival rate, regardless to the
diets used (Sekiya et al. 1991).

Vaccine development/immunization

Iida et al. (1986) and Sakai et al. (1987, 1991,1993a)
were the first researchers to report success with bacterins,
which provided protection against the challenge of artificial
infection. Since then, efforts have been directed towards
the immunological protection against enterococcosis both
by antigenic immunization and enhancement of the
immune system with immunostimulants and by vaccine
development. A number of reports suggest that vaccination
would be the solution in combating Gram positive
infections in farmed fish, but so far no commercially
available vaccine exists (Ghittino et al 1995). Eldar et al.
(1995b, 1997), Toranzo et al. (1995), Akhlaghi et al. (1996),
Kusuda et al. (1996), Leiro et al. (1996) and Bercovier et
al. (1997) have demonstrated the efficacy of intraperitoneal
infections of formalized bacterins of Enterococcus strains
for protection from autologous infections in different fish
species. [
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