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In the present study, the aim was to diagnose Vagococcus salmoninarum by
using phenotypic, histopathologic and genomic methods together. Vagococcosis is a novel
and emerging disease in rainbow trout (Oncorhynchus mykiss) farms and outbreak of
the disease results in considerable economic losses to the aquaculture industry worldwide.
The sixty bacterial isolates from fish tissues which had widespread infection were
identified and characterized as V. salmoninarum by studying the cultural pattern and
biochemical-enzymatic traits with BBL CrystalTM identification system. Among sixty
phenotypical positive isolates, only 30% percent were verified as V. salmoninarum by
PCR amplification of bacterial 16S rDNA gene. Further, observed spots of bacterial
accumulation in histological sections of heart and kidney were subsequently diagnosed
as V. salmoninarum with 16S rDNA gene amplification.
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Besides several different Gram-positive
coccal diseases in Rainbow trout (Oncorhynchus
mykiss), the cold water ‘streptococcosis’ known
as ‘Vagococcosis’ caused by V. salmoninarum can
also be detrimental for aquaculture industry1,2. The
causative agent bacterium is chain-forming,
nonmotile and slow growing pathogen which
occurs at temperature below 15 oC3,4. Vagococcosis
of rainbow trout was first observed in USA in 19903

and in the following years, a number of outbreaks
of the disease have been seen in Europe5,6,7. The
disease is responsible for mortality rates of 20-50
% in adult trout during the spawning period6,8.
Some previous studies showed that

Streptococcosis associated pathogens including
Vagoccoci were identified by clinical signs, culture-
based methods, biochemical tests or histological
observations. Nevertheless, differentiate of these
bacteria could be difficult because of their similar
physicological and histopathological
characteristic9,4. Because of this, so far there have
been only a few studies reported about V.
salmoninarum in different regions of the world5,10,11

and also no reports were found in literature related
to the prevalence and pathogenicity of the disease.
Wallbanks et al. (1990) differentiated the
phylogenetic relationship of the genus of
Vagococcus by using reverse transcriptase
sequencing of 16S rRNA from diseased salmonid
fish for the first time. Michel et al.  (1997) provided
some clinical, microscopical and DNA related data
of Vagococcus which were responsible from heavy
mortality occurred in France. Ruiz-Zarzuela et al.
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(2005) has demonstrated V. salmoninarum isolates
with characterization of their cultural and
biochemical traits from broodstock rearing in Spain.
It has been showed that Italian, Spanish and France
strains of V. salmoninarum were resistant to most
of the registered antibiotics in European Union12.
Therefore, the identification and diagnosis of V.
salmoninarum and the effective control of the
disease are very crucial and important to prevent
economic losses for a country like Turkey which is
the third biggest rainbow trout producer in Europe
with her production capacity of 110 thousand tons
in 1500 farms13.

Aim of present study was to diagnose of
V. salmoninarum from direct fish tissues, wax-
embedded tissues and bacterial isolates from fish
by using three diagnostic methods together during
outbreak periods that occur in the South Part of
Turkish trout farms with a water temperature range
between 10-15 °C.

MATERIALS   AND  METHODS

Sample collection
From 2011 to 2013, total of 300 dead

rainbow trout which had Vagococcus infection
(average body weight 200-250 g) were collected
from South Part of Turkey. Necropsies of fish for
microbiologic and histopathologic analysis were
made in situ.
Microbiologic characterization

Bacterial samples from kidney, spleen,
liver, gill and heart from each symptomatic fish were
taken by using sterile swabs. The swabs
immediately streaked onto trypticase soy agar
(TSA) (BD, USA) and then incubated at 15 °C for
48-72 h14. Isolated colonies were sub-cultured twice
and were biochemically characterized with BBL
CrystalTM GP identification system (BD, Becton
Dickinson, USA) by manufacturer’s instructions
and further they were compared with
characteristics in reference strain of V.
salmoninarum ATCC® 51200 which was obtained
from American Type Culture Collection (ATCC,
USA). Stock cultures were maintained in a broth
medium supplemented with glycerol at -20 °C.
Histologic examination

Each collected tissue (0.1-0.5 g) was
washed with physiological saline solution (0.75%
NaCl) and immediately fixed in 10% buffered

formalin solution for histopathology15,16. Tissues
were then processed using Hibiya’s17 fish
histology method and 4 µm thick sections were
stained with hematoxylin-eosin. Histological slides
were evaluated on an Olympus AX-70
photomicrographic system (USA).
Genomic identification

Bacterial DNAs were extracted from four
different materials: 1) from direct tissues, 2) from
wax-embedded tissues, 3) from culturated bacterial
isolates from tissues 4) from reference strain.

Bacterial DNA from direct tissues was
extracted and purified by using DNeasy Tissue
Kit (Qiagen, USA) following manufacturer’s
instructions. Bacterial DNA from all wax-embedded
tissues was extracted by the modified method of
Crumlish et al.18 . 4 µm thick wax-embedded tissues
sections were cut using a microtome and 5-6 tissue
sections were placed into sterile 2 mL tubes. The
sections were de-waxed in 1.5 mL xylene, vortexed
and centrifugated at 10.000xg for 5 min, and the
xylene removed and replaced with absolute ethanol
(1.5 mL). The xylene/alcohol washing was repeated
and pellets were kept for DNA purification by using
DNeasy Tissue Kit (Qiagen, USA) following
manufacturer’s instructions. Genomic DNAs from
the cultured isolates and reference bacteria were
purified by using DNA Extraction Kit (Qiagen,
USA) as per the manufacturer’s instructions with
minor modifications. Briefly, 1.5 mL of bacterial
suspension which was grown in trypticase soy
broth (BD, USA) were transferred to 2 mL centrifuge
tubes, and centrifuged at 9000xg for 5 min.
Supernatants were discarded and the pellets were
dissolved in 1 mL TE buffer (10 mM Tris-HCl, 1
mM EDTA, pH 8.0). This solution was used for
DNA extraction. All purified DNA were stored at -
20 °C until use.

The PCR amplification was performed out
in the thermocycler (Techne, USA) by using a pair
of 16S rDNA-rev primer (5’-GTTTTAGCCGCA
TGGCTGAGATAT-3’) and 16S rDNA-fwd primer
(5’-AGGTGGGAACAGTTACTCTCCCA-3’)6.
Reaction was carried out in a volume of 25 µL
containing 5 µL of the DNA, 1U of Taq polymerase,
1 µM of each primer, 0.50 mM of each dNTP, 2.5
mM MgCl

2
. The amplification was carried out the

following conditions: an initial heat denaturation
at 94 °C for 5 min followed by 36 cycles of heat
denaturation at 94 °C for 2 min, 55 °C for 1 min and
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72 °C for 1 min. After last cycle, samples were
maintained at 72 °C for 10 min for final extension.
PCR products were analyzed by agarose
electrophoresis (Applichem, USA). DNA bands
were visualized over geldoc system (DNR geldoc,
USA).

RESULTS AND DISCUSSION

Total of 300 diseased fish were obtained
over the period of 2011 to 2013. Affected trout
displayed external signs such as lethargy, erratic
swimming, anorexia, hemorrhage, dark
pigmentation, and exophthalmos in ocular area in
only heavily infected fish. At necropsy of our
samples, congestion and hemorrhages in gills and
in the organs were noted (Fig. 1c). Additionally,

internal lesion and paleness were observed in gill,
heart and kidney (Fig. 1a, 1b, 1e, 1f). Other
macroscopic internal signs were enlargement in
spleen and liver (Fig. 1a, 1d), acids in abdomen
area (Fig. 1d), pericarditis and congestion on heart
and vessels (Fig. 1d, 1e). General clinical signs of
our fish were very similar to results of Chang and
Plumb19 and Muzquiz et al.9.

The 300 swabs from kidney, spleen, liver,
gill and heart of each symptomatic fish were
streaked onto TSA (BD, USA) plates and then
inoculated for isolation, identification and
diagnosis of the bacteria. Observed colonies on
the inoculated TSA plates were usually opaque
and circular with diameter of 0.5 to 1.0 mm.
Phenotypic traits of all bacterial isolates were
characterized and compared with reference strain

Table 1. Biochemical and enzymatic characteristics of field isolates as
Vagococcus salmoninarum on the BBL CrystalTM GP identification system

(+: positive, -: negative, NA: not available)

Characteristics Isolate 1 Isolate 2 V. salmoninarum
from Heart from Kidney ATCC 51200

Growth at
10 oC  +  +  +
15 oC  +  +  +
20-22 oC  +  +  +

Hemolysis   
Growth in
2 % NaCl  +  +  +
4 % NaCl  +  +  +

Arabinose  -  -  -
Mannose  +  +  +
Sucrose  +  +  +
Melibiose  -  -  -
Rhamnose  -  -  -
Sorbitol  -  -  -
Mannitol  -  -  -
Adonitol  -  -  -
Galactose  -  -  -
Inositol  -  -  -
Esculin  +  +  +
Urea  -  -  -
Glycine  +  +  +
Treazolium  +  +  +
Arginine  -  -  -
Lysine NA NA NA
p-nitrophenyl galactosidase  -  -  -
p-nitrophenyl -glucosidase  +  +  +
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Fig. 1 (a-d) Arrows show severe infected areas in rainbow trout e) V. salmoninarum infection on heart f) V.
salmoninarum infection on kidney

Fig. 2 (a). Histologic lesion of heart tissue (ventricle) with massive V. salmoninarum infection, b) Histologic lesion
of kidney tissue with light V. salmoninarum infection (Arrows show bacterial infection spots) (Hematoxylin and
eosin stain x100)

Fig. 3. Agarose gel electrophoresis of 16S rDNA gene amplification of V. salmoninarum. MM. Molecular marker,
1. Reference strain as positive control 2. Direct heart tissue sample 3. Wax-embedded heart  tissue 4. Bacterial
isolate from heart 5. Direct kidney tissue sample 6. Wax-embedded kidney tissue 7. Bacterial isolate from kidney
8.  Negative control.
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V. salmoninarum ATCC® 51200 (ATCC, USA) based
on their biochemical and enzymatic profiles by
using commercial BBL CrystalTM GP identification
system (BD, USA). Our phenotypic identification
results showed that sixty isolates were positive
for V. salmoninarum. Table 1 shows the
confirmation of characteristics of isolate 1 from
heart and isolate 2 from kidney as V. salmoninarum
and their validations with reference strains. None
of the bacterial isolates from gills, liver and spleen
tissues were identified and diagnosed as positive
for V. salmoninarum. The study of Shewmaker et
al.20 has shown that V. salmoninarum were placed
in member of streptoccocus group IV, often difficult
to differentiate based on the morphological and
phenotypic characters with manual or commercial
systems. Although, it was not easy to show
phenotypic discrimination between isolates, our
results were consisted with previous
characterization studies6,8,10.

A total of 60 tissues which showed
macroscopic sign of infection were used for the
histopathologic analysis. The histologic
observation in the heart was generally showed
severe congestion and mild haemorrhages (Fig.
2a). The histologic section of kidney showed diffuse
necrosis of the haematopoietic tissue and mild to
moderate cellular debris (Fig. 2b). Ten heart and six
kidney tissue sections that were exhibited bacterial
colonies were later diagnosed as positive for V.
salmoninarum with 16S rDNA gene analysis. The
dark zones in heart and kidney tissue sections
indicated by arrows in both Fig. 2a and 2b
illustrated severe infection areas of coccoidal V.
salmoninarum. No bacterial accumulation was
visualized in histological section of gills, spleen
and liver and the heart and the kidney were the
targeted organs with heavily pathologic
inflammation. Earlier report of Michel et al.10 was
supported our findings by indicating massive
infection on the epicardium and in the blood
capillaries of fish. Even though hyperaemia and
oedema were present in most tissues, no bacterial
spots of V. salmoninarum were demonstrated in
spleen, gills or liver tissue sections. In many
studies indicate that histopathology is known as
efficient method to prove of infection21,22, we have
shown that it was inadequate to identify specify
of  bacteria that seen in the tissue-sections. To
eliminate this inadequacy in histopathologic

sections, bacterial DNAs amplification from direct
and wax-embedded tissues were eventually used
to diagnose of V. salmoninarum by PCR.

The specific 16S rDNA gene was used for
diagnosis of V. salmoninarum from direct tissues,
wax-embedded tissues and bacterial isolates. PCR
results from those samples showed positive
amplification products for V. salmoninarum at the
size of 300 bp (Fig. 3). The PCR results of our
bacterial isolates were confirmed with V.
salmoninarum ATCC® 51200 reference strain. No
PCR products were detected in any of other tissues
such as gills, liver and spleen, or other isolates
and in the negative control. The PCR results of
16S rDNA amplification products (300 bp) of
Turkish V. salmoninarum isolates were similar to
the first report of Vagococcus by Wallbank et al.3.

Consequently, in this study, the complete
diagnosis of V. salmoninarum from rainbow trout
were proven successfully on firstly by observing
clinical signs, identification and characterization
on basis of the phenotypic and histopathologic
traits and then subsequently the detection of 16S
rDNA gene from the target bacteria.
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