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Abstract 
This manuscript describes a series of Lactococcus garvieae outbreaks in rainbow trout farms in N. 
and N.W. Greece. The disease, termed "Lactococcosis", is associated with water temperatures 
usually above 14°C; in the first year of disease appearance under such circumstances, mortalities 
often reached 40% of the total predicted production. The outbreaks occurred during the warm 
seasons of 2003-2006, and affected mainly the fish over 20 g. The disease was diagnosed in farms 
located at the two main trout culturing areas of Greece (Epirus and Macedonia) and the suspected 
initial source of the disease was the import of infected rainbow trout from Spain. The phenotypic 
characteristics of the isolates indicated that they belong to Lactococcus garvieae; final identification 
was confirmed by PCR amplification. 

Introduction 

Lactococcus garvieae, the etiological agent of 

lactococcosis disease in rainbow trout, 

Oncorhynchus mykiss, is one of the most 

significant Gram-positive pathogenic cocci of 

fish. The disease is present in many parts of 

the world, affecting cultured sea fish (Japan, 

Seriola quinqueradiata-yellowtail) and fresh 

water fish (Europe, Middle East, Australia, 

Oncorhynchus mykiss- rainbow trout) (Kusuda 

et aI., 1991; Ceschia et aI., 1992; Carson et aI., 

1993; Toranzo et aI., 1994; Eldar et aI., 

1999;Pereira et at, 2004; Eyngor et aI., 2004). 

The disease appeared for the first time during 

the early 90's in Spain (Domenech et aI., 1993) 

and Italy (Ghittino et aL, 1992). From that 

point on, the pathogen and associated disease 

*Corresponding author's E-mail: savvidis.vri@nagref.gr 

rapidly spread throughout the southern part 

of the European continent, including 

countries such as Portugal (Ravelo et aI., 

2003), France (Eyngor et at, 2004), Turkey 

(Diler et at, 2002), as well as Greece (2002) 

and Bulgaria (2003) (Eyngor et aI., 2004). In 

affected countries, Lactococcosis is a major 

threat to trout culture, especially during the 

warm seasons of the year. Apart from fish, this 

microorganism was isolated from cows and 

buffalos (Texeira et aI., 1996) and recently also 

from diseased fresh water shrimps (Taiwan, 

Macrobrachium rosembergii) (Chen et aI., 2001). 

For the first time in Greece, the disease 

appeared as a single sporadic episode in the 

year 2002 (Eyngor et al. 2004, A. Eldar 

personal communication). During the 
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subsequent years the disease has spread 

throughout the trout culturing areas of the 

country, evolving to an epizootic form. This 

manuscript describes the main characteristics 

of the pathogen and its associated disease, as 

it occurred in Greek trout farms and seeks to 

hypothesize on some of the epidemiological 

aspects of the disease. 

Materials and methods 

During the summer seasons of three 

consecutive years (2003, 2004, 2005), 42 

samples representing 320 fish were examined 

(S fish per sample approx.). Thirty-seven (37) 

samples originated from nine (9) affected 

farms and the five (5) remaining samples were 

obtained from three (3) apparently healthy 

fish farms. A range of ages and weights of fish 

«20g, >20g-150g, > 150g) were included in the 

samples. In relation to the time distribution 

of the samples, it has to be underlined that 

eight (S) out of 37 samples which originated 

from affected farms where no clinical signs 

of the disease were present, were collected 

during the cold winter months. Gross 

pathology was assessed through macroscopic 

evaluation of external appearance and lesions 

of the internal organs. Bacterial isolation was 

carried out by spreading samples from 

internal organs (liver, kidney, spleen) and 

end ophthalmic fluid on to TSA (Trypticase 

Soy Agar) and Blood Agar Base No 2 (AES 

Laboratory, AEB152452 ) supplemented with 

5% v I v defibrinated sheep' blood. Plates were 

incubated for 4sh at 22° C. Resulting cultures 

were identified according to morphological 

features (Gram stain), serological tests 

(agglutination against different Streptococcus 

antisera to exclude the misidentification as 

Streptococcus sp. ) and biochemical 

characteristics (0 IF test, high pH and salinity 

toleration, utilization of sugars, etc). Final 

confirmation was obtained by PCR assay via 

kind cooperation with the Department of 

Poultry and Fish Diseases, Kimron Veterinary 

Institute, Israel. 

Results and discussion 

The most significant external characteristic is 

the (usually) bilateral exophthalmus 

appearance of the diseased fish, sometimes 

resulting in loss of eye or eyes. Mortality was 

strongly concurrent with the season of the 

year. The water temperature during the warm 

summer months was consistently higher than 

14° C (many times close to ISO C). This is the 

initial critical environmental condition for the 

disease appearance (Pereira et al. , 2004; Altun 

et al. , 2004). The disease has major economic 

impact due to mortalities being strongly 

related to fish size where fish that 

approximate market size are mostly affected. 

Internal lesions are as described elsewhere 

(haemorrhagic fluid in the celomic cavity, pale 

liver and enlarged spleen) (Ceschia et at, 1992, 

Muzquiz et al. , 1999). 

After incubation for 4Sh at 22° C, pure cultures 

of whitish colonies were observed. All isolates 

were non-motile, oxidase and catalase 

negative Gram-positive cocci that are tolerant 

to 6.5% NaCl and pH 9.6. The microorganism 

was negative in CAMP test and did not 

agglutinate with any of the specific antisera 

tested (Lancefield groups A, B, C, D, E, F, G). 

Based on phenotypic characteristics (Table 1), 

isolates were identified as Lactococcus garvieae 

(Toranzo et al. , 1994; Muzquiz et al. , 1999). 

Final confirmation was performed by PCR 

assay resulting in the amplification of a band 

• 



Catalase (-) 
Oxidase (-) 
OfF test +/+ (+/+) 
Motility (-) 
Nitrate production (-) 
Glucose + (ND) 
Gas production from Glucose (ND) 
Maltose + (ND) 
Mannitole + (+) 
Lactose (ND) 
Saccharose (ND) 
Dulsitole (ND) 
Inositole (ND) 

*L. garvieae NCDO 2155 (dates from Toranzo et al., 1994). 
ND: unstated results. 
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Arabinose (-) 
Raffinose (-) 
Xylose (ND) 
Lysine (LDC) (ND) 
Ornithine (ODC) (ND) 
Arginine (ADH) + (+) 
Esculine + (+) 
NaCl6,5 % + (+) 
pH 9,6 + (+) 
Resistance (R)/Sensitivity (S) to Ampicilline S (S) 
Erythromycine S (S) 
Nitrofurantoin R (R) 
Oxytetracycline S (S) 

Table 1. Biochemical profile of the Greek isolate (in parenthesis the biochemical properties of L.garvieae'f). 

of 1,100 bp in size, which is the expected 

length for the L. garvieae strains ( Zlotkin et 

aI., 1998, A.Eldar personal communication). 

Rainbow trout (120-200 g each) collected from 

ponds that were infected in the previous 

summer, were also sampled during the cold 

winter months (December to March). 

Although no clear clinical or pathological 

signs of Lactococcosis were observed, L. 

garvieae could still be isolated (5 cases). 

Interestingly, the bacterium could usually be 

isolated from the end ophthalmic fluid, but not 

always from the internal organs. The last 

finding is remarkable, suggesting that the eye 

is pOSSibly the organ where the 

microorganism resides during the cold 

months. 

The very first case of the disease outbreak in 

Greece dates back to the year 2002, and is 

probably associated with importation of 

clinically diseased fish from Spain to a single 

farm located in N.W. Greece. This farm was 

the initial source of the disease. This 

hypothesis is strengthened by the fact that 

during the next year (2003), the disease was 

diagnosed only in those farms that purchased 

live fish from that farm (Figure 1). Moreover 

the Greek capsulated strain is identical to the 

Spanish isolates and transmission routes from 

Spain to Greece are therefore reasonable 

(Eyngor et aI., 2004). Furthermore, serological 

results (Eyngor et aI., 2004) seem to confirm 

that L. garvieae population is divided into two 

major groups, the first group encompassing 

Italian and Israeli serotype I isolates, while 

the second one includes Spanish, Greek and 

Bulgarian serotype II capsulated isolates. The 

epizootic outbreaks in Greece during August 

2003 were in those trout farms that are located 

along the coasts of the Louros river (Epims 

region, N.W. Greece), while the second wave 

of spread, affecting Central Macedonia (N. 

Greece), occurred some two months later 

(Figure 1). In each of the cases, movement of 

diseased fish into unaffected farms preceeded 

new outbreaks. 

Lactococcosis is a very problematic disease for 

the South European rainbow trout culture 

with many outbreaks in Italy, Spain, France, 

Portugal, Turkey and Greece. The rapid 

spread of the pathogen throughout the 
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Figure 1. Geographical distribution of the lactococcosis affected rainbow trout farms between the years 
2003-2005 in Greece (a: eight in the region of Epirus, b: one in Central Macedonia). 

Mediterranean basin is a result of the multiple 

routes of dissemination and transmission of 

this pathogen. This includes direct spread 

though movement of infected fish or 

asymptomatic carriers and transmission via 

contaminated water (Muzquiz et al., 1999; 

Vela et al., 2000). The administration of 

antibiotics (oxytetracycline, amoxycilline and 

erythromycine), for prophylactic or 

therapeutic treatments were not satisfactory, 

in spite of the in vitro sensitivity of the isolates 

(Pereira et al., 2004, unofficial personal data). 

In the first year of the epizootic in Greece 

(summer 2003), the losses were very heavy. 

The total mortality varied between 20 to 40% 

approx. (data of 90% exist, Pereira et al. 2004) 

and it was different from farm to farm. During 

the dangerous summer seasons of the years 

2004 and 2005, the losses were significantly 

reduced. It is very important and significant 

that the disease seems, so far, to be restricted 

to the mentioned geographical areas of the 

country. 

The existing therapeutic difficulties 

necessitate the application of strict 

prophylactic measures. These include: 

avoidance of import of infected fish, frequent 

collection and destruction of the dead fish, 

regular and thorough disinfection of 

equipment, observing good management 

rules in the farm and finally vaccination. The 

protection of fish population in three farms 



by using commercial vaccine of Spanish origin 

(550,000 fish were vaccinated in the year 2006) 

was very satisfying and a continuation of this 

practise is planned for 2007. 
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