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ABSTRACT 

This study aimed to determine the serotypic differences between Lactococcus garvieae strains 
isolated from rainbow trout obtained from different fish farms in Turkey. For this purpose, some 
phenotypic properties of isolates were determined and then ELISA test was performed to deter-
mine serotypic differences. It was determined that all 22 L. garvieae isolates used in the study gave 
a cream colored, bright, rounded smooth S type colony in Triptic Soy Agar (TSA) and all strains 
were nonmobile in the native examination. Morphologically, all isolates were found to be Gram 
positive, nonmobile, α-hemolytic, to have a growth of 0-6.5% NaCl salinity, 21, 37 and 45℃ 
temperature, and to be oxidase and catalase negative. After examining the biochemical made with 
API Rapid ID 32 Strep test, it was observed that two L. garvieae isolates were different from the 
other isolates in terms of sucrose use and one L. garvieae isolate was different from other isolates 
in terms of maltose profile. According to the results of ELISA test used to determine the serotyp-
ical differences of the isolates, two L. garvieae isolates were serotypically different from the other 
isolates and L. garvieae isolates used in the study formed two different serotypic groups.  
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Introduction 
Rainbow trout, is the most cultured fish species in the world, 
because of its adaptability to environmental conditions, its 
ability to benefit from natural and artificial feed, and its re-
sistance to diseases (Edwards, 1978). 

Bacterial infections have an important place in fish diseases, 
and in the last decade Gram positive cocci have been identi-
fied as important fish pathogens. Many epidemic and spo-
radic diseases caused by Gram positive pathogens have been 
reported in various parts of the world (Arda et al., 2002). Ja-
pan, Singapore, Australia, Israel, Italy, Spain, France, South 
Africa and the United States are among the countries affected 
by outbreaks caused by Gram positive cocci (Eldar et al., 
1999). Lactococcus garvieae, Yersinia ruckeri and Listonella 
anguillarum have been reported to be among the most com-
mon pathogens in rainbow trout (Çağırgan, 2009). 

Lactococcosis is one of the most serious diseases that causes 
economic loss among the other diseases caused by Gram po-
sitive bacteria. Lactococcosis is a septicemic disease that 
causes economic loss in many fish species, especially rain-
bow trout, when the water temperature reaches 15℃ in the 
summer months (Diler et al., 2002; Çağırgan, 2004; Balta and 
Balta, 2019).  

In bacterial fish diseases, vaccination is one of the preventive 
measures. It is important to obtain and investigate different 
serotypes of the same bacterial species for vaccination stud-
ies. In this way, vaccines with high protection can be deve-
loped.  

This study aimed to detect serological differences between L. 
garvieae strains identified as pathogens causing economic 
losses in our country. 

Material and Methods 
Sampling 

240 rainbow trouts (Oncorhynchus mykiss) (20-300g) used in 
the study were taked from 30 active rainbow trout farms reg-
istered at the Ministry of Agriculture and Forestry in Van, 
Bitlis, Muş and Hakkari. While choosing the fish, pools were 
visited with the owner of the farm and care was taken to 
choose the fish that showed symptoms of disease. In the 
study, four different L. garvieae were isolated from the rain-
bow trout farms. 18 different L. garvieae isolates which were 
cultured were added to the study. The study was carried out 
with a total 22 L. garvieae isolates.Sampling studies were 
carried out in June, July, August and September 2014. For the 
sampling, a 45-liter capacity container (Rubbermaid) was 
used. 

Phenotypic Determination of Isolates 

Bacteria isolation 

Bacteriological samples from anterior kidney were streaked 
onto TSA. Petri plates were incubated at 21℃ for 7 days in a 
cooled incubator. The colonies formed by the bacteria in the 
medium where reproduction was observed during the incuba-
tion period were examined in terms of morphological features 
such as color, shape and brightness (Austin and Austin, 
1999). Gram staining of the growing bacteria (Beşe, 1993), 
Oxidase (Beşe, 1974) and Catalase (Aydın, 1992) tests were 
applied. For hemolysis test, 5% sheep blood agar was 
streaked onto and classified according to zone areas (Buller, 
2004). 

Salinity tolerance test 

To determine the physiological properties of the isolates, the 
tolerance of different salinity ratios was tested by the method 
of Konemann (1992). For this purpose, sterile TSA contain-
ing 4% and 6.5% NaCI was prepared and inoculated petri 
plates were incubated at 21℃ for 7 days. Isolates were eval-
uated as positive and non-growth isolates as negative. 

Temperature tolerance test 

The temperature tolerance tests of the isolates were applied 
according to Konemann (1992). The bacteria which had been 
planted in the TSA prepared sterile in order to determine the 
growth abilities at different temperatures were determined af-
ter 7 days incubation at 21, 37 and 45℃. Growth isolates 
were evaluated as positive and non-growth isolates as nega-
tive. 

Determination of serotypical differences 

ELISA test was used to determine the serotypic properties of 
L. garvieae isolates. ELISA test is carried out using two dif-
ferent methods, direct and indirect ELISA. Since the antigen 
are obtained from L. garvieae isolates and tested with the 
known antibody, indirect ELISA method was used in the 
study (Baraketi et al., 2020). 

Antigen production 

L. garvieae isolates growth in TSB were produced by incu-
bating at Todd Hevith Broth (THB) for 24 hours at 25℃. Af-
ter adding 5% formaldehyde (Sigma-F8775), it was inacti-
vated by keeping it at 4℃ for 24 hours. It was centrifuged at 
2500 rpm for 15 minutes (Inovia-Ino 3H). After the bacterial 
precipitate obtained was washed three times with PBS, anti-
gen density was prepared by adjusting it to 0.6 ±0.010 optical 
density (OD) at 630 nm and used as antigen in ELISA test 
(Eyngor et al., 2004). 
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Immunization of rabbits 

The anti L. garvieae antibody used in the study was prepared 
for the rabbit by intravenous inoculation of L. garvieae isolate 
12. L. garvieae isolates were used as antigens in the ELISA 
test. The antibody from adsorbed isolate 12 was used against 
other isolates. Adsorption was performed by the method re-
ported by Eyngor et al. (2004). 

ELISA test 

U-based, 96-well polystyrene ELISA plates (Costar) were 
used for the ELISA test. All of the antigens obtained from L. 
garvieae isolates were coated with ELISA plates at a deter-
mined dilution rate and two parallel. The last two wells were 
used as negative controls. 

The U-based ELISA plate was coated with PBS and with pre-
pared antigen 50 µL to each well with isolate 6 of L. garvieae 
standardized to OD630 0.600 ±0.010. The antigen-coated plate 
was left overnight at 4℃. Two wells for each antigen were 
coated with antigen-free diluent. These wells were used as 
blank. To determine whether there was non-specific binding, 
control wells were created and the optimum concentration of 
reagents was determined by preliminary tests (Çağırgan, 
2008). 

Table 1. Antibody rates used in the study and format in 
ELISA plates 

 1 2 3 4 5 6 7 8 9 10 11 12 
A 1:32000 anti L. garvieae sera 
B 1:16000 anti L. garvieae sera 
C 1:8000 anti L. garvieae sera 
D 1:4000 anti L. garvieae sera 
E 1:2000 anti L. garvieae sera 
F 1:1000 anti L. garvieae sera 
G 1:500 anti L. garvieae sera 
H Uncoated Blank 

After washing the ELISA plate coated with antigen three 
times with PBS (pH 7.4), blocking was done and 100 µL 
blocking solution (PBS + 1.5% Bovine Serum Albumin) was 
added to the wells to fill the empty areas in the wells. They 
were left in the water bath for 1 hour. 1% BSA in 1:500, 
1:1000, 1:2000, 1:4000, 1:8000, 1:16000, 1:32000 ratios for 
all eyes coated with antigen (Antigen density OD630: 0,600) 
after washing with PBS twice for two minutes serum was 
added, diluted with PBST (0.05% Tween 20 added PBS), and 
the serum of adsorbed rabbit anti L. garvieae with antigen 12 
was added. ELISA plates were incubated in a humidified 

sandwich box in an incubator at 37℃ for one hour. To see the 
effect of adsorption of homologous serum with L. garvieae, 
the antigen-coated non-adsorbed anti L. garvieae serum was 
added to the eyes coated with antigen 12 in the same propor-
tions as in the adsorbed serum. After all the wells were 
washed three times for two minutes with PBST, 1:20000% 
BSA(1%) was added, and 50 µL of goat anti-rabbit (KPL, 74-
1506) conjugate labeled with PBST was placed and then the 
plates were incubated at 37℃ for one hour. After incubation, 
the plate was washed four times with PBST for three minutes 
100 µL of TMB substrate (Sigma, T0440-100 mL) was added 
to all wells. After ten minutes of waiting at room temperature, 
the reaction was stopped by adding 50 µL of 10% sulfuric 
acid to the wells (Voller et al., 1978). The results were read 
with an ELISA microplate reader (Versamax, Molecular De-
vices, USA) at a wavelength of 450 nm. 

Evaluation of serotypical differences 

Standard deviation (STDDEVP) was calculated (Sümbü-
loğlu, 1985) and results were evaluated in the 95% (2δ) and 
98% (3δ) confidence intervals in order to reveal the differ-
ences in absorbance values of the blank value of L. garvieae 
isolates applied in the ELISA test. 

Results and Discussion 

General Status of Farms 

The production capacities of the rainbow trout farms ranged 
from 1 to 500 tons. During the sample collection season, the 
air temperature ranged between 19℃ and 38℃, and the water 
temperature in the rainbow trout farms where sampling took 
place ranged from 13℃ to 24℃. 

Phenotypic Properties of L. garvieae Isolates 

Bacterial colonies obtained after incubation in TSA medium 
were found to be pin sized, round, bright in appearance, have 
sharp borders and to form S-type colonies. Then the colonies 
taken from TSA were incubated at TSB for 24 hours at 21℃. 
TSA (Figure 1-A) and TSB (Figure 1-B) of L. garvieae iso-
lates. After gram staining, it was observed that all of the iso-
lates consisted of Gram positive cocci forming a short L-
shaped chain painted with blue-purple color (Figure 1-C). 
The hemolysis properties of L. garvieae isolates obtained in 
TSA were examined in blood agar. After the 24-hour incuba-
tion period at 21℃ in the blood agar, it was observed that all 
the isolates had α-hemolytic properties and there was a light 
green area around the colonies that developed on the medium 
(Figure 1-D). 
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Figure 1.  Phenotypic test results of L. garvieae isolates (A: TSA colony morphology, B: TSB bacteria type, C: Gram stain 

result, D: Hemolysis test result). 

Salinity Tolerance Test Results 

In determining the salinity tolerances of L. garvieae isolates, 
single colonies obtained from the isolates were added to TSA 
containing 4% and 6.5% NaCl. After the 7-day incubation pe-
riod at 21℃, all of the isolates showed growth in TSA pre-
pared at 4% and 6.5% salinity (NaCl) rates (Figure 2). 

Temperature Tolerance Test Results 

The isolates were incubated at temperature ranges of 21℃, 
37℃ and 45℃. After the incubation period, all of the isolates 
were observed to grow at 21, 37 and 45℃. Therefore, it was 
understood that all the isolates used in the study were able to 
tolerate these temperature ranges (Figure 3).  

Evaluation of Serotypical Differences 

The differences between the isolates were evaluated accord-
ing to the adsorbance data obtained after the ELISA test. 
While determining the serotypical differences between the 
isolates, standard deviation (STDDEVP) was calculated in 
order to reveal differences in absorbance values whose Blank 
value was decreased in ELISA test. The anti L. garvieae an-
tibody used in the study was prepared by intravenous inocu-
lation of L. garvieae strain no. 12 to the rabbit, and the agglu-
tination titer of the serum obtained was 1:1024. 2 sigma value 
was deducted from the average of the adsorbance values and 
the results were evaluated in the excel program. The results 
were evaluated within the 95% (2δ) and 98% (3δ) confidence 
intervals. The graphic obtained according to the adsorbance 
values given by L. garvieae isolates after the ELISA test is 
given below (Figure 4). 
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Figure 2. TSA medium image of L. garvieae isolates at 4% (A) and 6.5% (B) salinity 

 

 
Figure 3. TSA medium image of L. garvieae isolates at 37 oC (A) and 45 oC (B) temparature. 
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Figure 4. Groups obtained as a result of ELISA test of L. garvieae isolates. 

According to the results obtained in the Excell program, an 
antibody prepared against isolate-12 was used as serum and 
adsorbed with isolate-12. The values obtained when the aver-
age was deducted from 2 sigma (0.49>) were evaluated as 
different serotypes in 95% confidence interval. According to 
Excel data; isolate-1 and isolate-3 are grouped as serotype-1. 
Other L. garvieae isolates were evaluated as serotype-2 and 
L. garvieae isolates were divided into two different serotypi-
cal groups. The serotypic groups obtained after the ELISA 
test are given below (Table 2). 

Table 2.  Serotypic groups obtained from L. garvieae isolates 
after ELISA test. 

Serotip Isolate name 
Serotype 1 Isolate 1 and Isolate 3 
Serotype 2 Other 20 isolates 

 

In this study, the sample collection was carried out in the 
summer, when the water temperature was highest because 
14℃ water temperature is a critical water temperature for lac-
tococcosis. During sampling, it was observed that the air tem-
perature ranged between 19℃ and 38℃, and the water tem-
perature ranged between 13℃ and 24℃. Previous studies 
have reported that infection occurs when the water tempera-
ture in lactococcosis exceeds 14-15℃ (Ghittino and 
Muzquiz, 1998; Soltani et al., 2008), and the mortality rate 
increases when the water temperature exceeds 18℃ (Munday 
et al., 1993; Pereira et al., 2004). It has also been stated that 
the lactococcosis agent can be isolated from the endophthal-
mic fluid in the winter months (Savvidis et al., 2007). 

Lactococcosis is a bacterial infection that shows specific 
symptoms in fish and causes large economic loss. Four typi-
cal symptoms of lactococcosis have been observed in rain-
bow trout farms where lactococcosis is seen and isolated. 
Standing and standing alone on the water surface are symp-
toms of acidity, bilateral exophthalmos and color darkening. 

The immunological techniques used for serotyping studies 
are based on antigen-antibody interaction. In these methods, 
specific antibodies can be detected using a known antigen or 
specific antigens using a known antibody (Altınışık, 2004). 
The ELISA test is the most sensitive among the methods used 
in serological studies (Erkan et al., 2011; Ürkü and Timur, 
2014). 

The ELISA test was used to determine the serotypic charac-
teristics and differences of L. garvieae strains used in this 
study. Previous researchers also used the ELISA method to 
determine the serotypic properties of L. garvieae strains (Vol-
ler, 1978; Pozo, 2005; Kav and Erganiş, 2008). Some re-
searchers used the agglutination test for diagnostic purposes 
(Kitao, 1982; Knappskog et al., 1993). It has been reported 
that the agglutination test has a disadvantage in terms of 
cross-reactions and that the ELISA test is fast and economical 
(Bortz, 1984). 

In the study, isolates 19, 20, 21 and 22 were isolated from 
Van, Bitlis, Muş and Hakkari provinces. The other isolates 
were previously cultured. Knowing the field data of L. 
garvieae strains (19, 20, 21 and 22) obtained from rainbow 
trout farms showed importance in terms of evaluating the re-

0,000

0,500

1,000

1,500

2,000

2,500

Ad
so

rb
an

ce

https://doi.org/10.3153/AR20012


 
 

 

 

  Aquat Res 3(3), 135-143 (2020)    •    https://doi.org/10.3153/AR20012                                                   Research Article 

 

141 

sults obtained in the study. Mortality rates observed in rain-
bow trout farms where L. garvieae agents are isolated are as 
follows. 

Table 3.  Field data in rainbow trout farms with symptoms of lactococcosis. 

 Water temperature 
(℃) 

Mortality rate 
(%) 

Antibiotic 
application 

Vaccine 
application 

Isolate-19 18-19 5 - - 
Isolate-20 21 < 0,01 - + 
Isolate-21 18,5 2 - - 
Isolate-22 15 2 Enrofloxacin - 

When, Four L. garvieae strains (isolates 19, 20, 21 and 22) 
with known pathogenicity in the field were evaluated together 
with the field data obtained as a result of the study we ob-
tained the following results: In the four isolates (isolates 19, 
20, 21 and 22) that we obtained in the study, deaths started to 
occur when the water temperature exceeded 14℃ in the farm 
where the isolate 22, which appeared the most pathogenic, 
was obtained and immediately after the treatment with En-
rofloxacin (also compatible with antibiogram results). In the 
8 days infection, 2% of the fish died. 

In the farm where isolate 20 was obtained, although the fish 
were not vaccinated, deaths did not start above 14℃ water 
temperature, but when the water temperature exceeded 21℃, 
only 12 fish out of 500,000 fish were detected and lactococ-
cosis were observed. Rainbow trout farms where isolates 19 
and 21 are obtained are located in geographical regions close 
to each other. It was observed that the water temperature 
ranged between 18-19℃ in both farms. According to the field 
data of these two rainbow trout farms, lactococcosis was ob-
served to have different mortality rates in both farms where 
antibiotics and vaccines were not administered. According to 
field data, the different mortality rates in farms from which 
isolates 19 and 21 are obtained coincide with the data we ob-
tained in the study. 

Conclusions 
In summary, according to the results of this study, L. garvieae 
strains 19 and 21 were evaluated as two different types of L. 
garvieae strains due to phenotypic and serotypic differences. 
While the field data is not known, Turkey isolated from vari-
ous strains of 18 L. garvieae at different times. Therefore, the 
phenotypic and serotypic differences obtained in this study 
could not be evaluated together with the field data of these 
strains. 

As a result of the study, it was found that isolating the differ-
ences in terms of pathogenicity in the same environmental 

conditions was important in terms of evaluating the data to-
gether. When the results of this study are evaluated together, 
these results are considered to be important in terms of pre-
venting the damages caused by lactococcosis. The repetition 
and improvement of the methods used could also be an im-
portant step for future studies. 
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