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Identification of Vagococcus salmoninarum from rainbow trout
(Oncorhynchus mykiss Walbaum, 1792) using
proteomics-based MALDI-TOF MS
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ABSTRACT

Vagococcus salmoninarum is a pathogen causing vagococcosis in
rainbow trout (Oncorhynchus mykiss, Walbaum 1792) broodstock and
large fish. In this study, conventional diagnostic methods, including
phenotypic, genomic and high throughput proteomic MALDI-TOF
MS were tested together for accurate and rapid identification of
V. salmoninarum. Twelve isolates from extensively infected internal
organs(fins, gills, liver, heart and kidney) of a total of fifty fish were
phenotypically confirmed as V. salmoninarum by biochemical-
enzymatic characteristics using the BBL Crystal” GP identification
system. However, the presence of positive PCR amplification of 16S
rDNA gene was detected only in 83% of these isolates and the same
samples were identified as V. salmoninarum by MALDI-TOF MS method
with high mass score value (m/z) between 2.00 and 3.00. Based on
the comparative data obtained in this study, we conclude that the
MALDI-TOF MS method is the most promising and recommended
method for the definitive identification of V. salmoninarum.
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RESUMEN

Vagococcus salmoninarum es un patégeno que causa vagococosis
en reproductores de trucha arcoiris (Oncorhynchus mykiss, Walbaum
1792)y peces grandes. En este estudio, se probaron juntos los métodos
de diagnostico convencionales, incluidos el fenotipico, el genémico
y el protedmico de alto rendimiento MALDI-TOF MS, para lograr una
identificacion precisay rapida de V. salmoninarum. Doce aislados
obtenidos de érganos internos ampliamente infectados de un total
de cincuenta peces fueron confirmados fenotipicamente como
V. salmoninarum mediante caracteristicas bioquimicas y enzimaticas con
el sistema de identificacion BBL Crystal” GP. Sin embargo, la presencia
de amplificacion de PCR positiva del gen 16S rDNA se detect6 solo en
el 83 % de estos aislamientos y las mismas muestras se identificaron
como V. salmoninarum mediante el método MALDI-TOF MS con un
valor de puntuacion de masa alto (m/z) entre 2.00 y 3.00. Con base en
los datos comparativos obtenidos en este estudio, concluimos que el
método MALDI-TOF MS es el método mas prometedory recomendado
para la identificacion definitiva de V. salmoninarum.
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INTRODUCTION

Vagococcus salmoninarum, is a species of bacteria gram-positive,
non-motile, chain-forming pathogen that lives at water temperatures
below 10-15°C [1, 2, 3], is the causative agent of “cold water also
known streptococcosis” known as “vagococcosis” in rainbow trout
(Oncorhynchus mykiss Walbaum, 1792) broodstock and large fish[4, 5,
6]. Cases of V. salmoninarum were first reported in rainbow trout [1]
and then brook trout (Salvelinus fontinalis)[7]in the USA, Australia[8],
France[5] Italy[9] Spain[10, 11]and Turkey[12, 13, 14], and in Atlantic
salmon(Salmo salar)and brown trout (Salmo trutta)in Norway[8]. The
disease increases fish mortality rates by 30-50% in adult trout during
the spawning period[10, 11]. Since diseased fish with vagococcosis
show similar symptoms and clinical signs as streptococcosis, i.e.
sluggish behaviour, swimming disorder, distortion of the eyeball, boils,
external and internal haemorrhages, exophthalmos, ascitices fluid
accumulation, body paleness and enlargement of internal organs, it
is often difficult to identify the vagococcosis agent with certainty
[8, 5]. Phenotypic (traditional microbiological/biochemical tests),
histopathologic and molecular based methods[standard polymerase
chain reaction (PCR), quantitative PCR (qPCR), random amplified
polymorphic DNA (RAPD), ribotyping, enterobacterial repetitive
intergenic consensus (ERIC-PCR), repetitive sequence-based PCR
(REP-PCR)and genome sequencing analysis of 165 Recombinant DNA
(rDNA) are used for the accurate identification of V. salmoninarum
[1, 8,10, 15]. However, these techniques take at least one day and
usually do not provide areliable identification. Similarly, standard PCR
and simple Sanger sequencing techniques have also been shown to
sometimes fail to identify at species level [3, 16]. Though the whole
genome sequencing (NGS)technique[17], which is an alternative high
throughput analysis, can distinguish close species of Vagococcus,
itis an application using expensive and labour-intensive platforms.

In recent years, matrix-assisted laser desorption/ionisation-time
of flight mass spectrometry (MALDI-TOF MS) based proteomics has
emerged as a promising method for diagnosing and differentiating
closely related strains that are difficult to distinguish using conventional
techniques[18, 19, 20, 21]. The MALDI-TOF MS approach is a rapid,
low-cost diagnostic technique that provides results within minutes of
culture compared to other conventional or molecular methods [20].
In addition, MALDI-TOF MS provides comparable, sometimes better,
results than standard 16S rDNA gene sequencing, allowing taxonomic
classification down to the subspecies level [22, 23, 24].

The aim of this study was to compare three diagnostic methods
for the identification of V. salmoninarum in samples collected during
outbreaks of vagococcosis in rainbow trout farms.

MATERIALS AND METHODS

Atotal of fifty dead rainbow trout (0. mykiss) were sampled (average
body weight 200-250 g) during a disease outbreak in three different
farms in Antalya Province, located in the Mediterranean Region of
Tulrkiye. The fish showing signs of disease were clinically examined
and transported to the laboratory within a few hours. Samples of
fins, skin, qgills, liver, heart, spleen and kidneys from each trout
were collected at necropsy and used for phenotypic, genomic and
proteomic analyses. Reference strains of V. salmoninarum ATCC
5120, S. warneri DSMZ 20316 and S. epidermidis ATCC 35984 and all
clinical samples were cultured on tryptic soy agar (TSA)(Merck,
Germany)and blood agar (BA)(Merck, Germany)at 15-20°C for 24-72h.
Isolated colonies were subcultured twice and were biochemically
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characterized using with BBL Crystal” GP identification system
(BD, Becton Dickinson, USA) according to the manufacturer's
instructions. Genomic DNA was extracted from bacterial isolates
using the DNeasy Blood&Tissue Kit (Qiagen, USA) according to the
manufacturer’s instructions. The isolated colonies were incubated
on tryptic soy broth (TSB)(Merck, Germany) at 20°C for 24 hours
for antimicrobial susceptibility testing determined by Kirby-Bauer
disk diffusion method. The bacterial suspensions were reduced to
0.5 McFarland turbidity. The bacterial samples were inoculated on
a Mueller-Hinton Agar (MHA)(Merck, Germany) plate containing 5%
sheep blood. Antibiotic disks were placed on the petri dishes[7, 21].
Nineteen antibiotics were used for susceptibility tests, respectively;
sulfamethoxazole/trimethoprim (25 mg), neomycin (10 mg), oxalinic
acid (3 mg), enrofloxacin (5 mg), ciprofloxacin (5 mg), flumequine
(20 mq), Sulfafurazole (10 mg), tetracycline (30 mg), amoxicillin
(25 mg), streptomycin (10 mg), chloramphenicol (30 mq), florfenicol
(30 mg), kanamycin (30 mg), erythromycin (15 mg), vancomycin (30 g),
ampicillin (10 mg), nitrofurantoin (300 mg)and gentamicin (10 mg) were
evaluated according to Clinical and Laboratory Standards Institute
(CLSI) guidelines. After incubation of these petri dishes at 20°C for
24-48 hours, the diameters of the growth zone around the antibiotic
disks were measured. Isolates and reference strains based on zone
diameters measurement references susceptible (S), moderately
susceptible (1) and resistant (R).

PCR amplification of the 16S rDNA gene was performed according
to the protocol of Ruiz-Zarzuela et al. [10]. The identification of
reference strains and freshly cultured bacteria by MALDI-TOF MS
method was performed with “direct sample spotting” according to
the protocol developed by Popovic et al. [25]. In this protocol, the
targeted extraction method of single colonies grown on TSA and blood
media and the Bruker MALDI-TOF Biotyper device (Bruker Daltonics,
Germany) were used. A single colony of isolate was transferred to
a 96 well plate using a wooden stick. Following this, 1.0 uL of 70%
formic acid (Kemika, Croatia) was added to each bacterial colony to
lyse bacterial cells proteins. After drying at room temperature, 1.0 uL
of CHCA matrix solution (a-Cyano-4-hydroxycinnamic acid)(Bruker
Daltonics, Germany)was added to each spot to allow optimal protein
crystallisation [26, 27]. A Microflex LT MS with laser operation and
MALDI Bruker Biotyper 3.4 software (Bruker Daltonics, Germany)
was used for mass spectra acquisition and peak identification of the
isolates. Mass spectrain the range 2000 to 21000 Da were obtained for
each sample analyzed. Spectra were constructed from 240 individual
spectra obtained from each isolate using 60 laser shot stages at
random locations. The comparison of each peak with reference mass
spectrain the database was recorded on a logarithmic scale ranging
from 0 to 3.00. The criterion for successful identification appeared to
bereliable at the species level greater than or equal to 2.00[28, 29, 30].

RESULTS AND DISCUSSION

In the necropsy of 50 diseased fish samples collected, exophthalmos
in the ocular area, hemorrhages in the gills and organs, lesions and
paleness in the gills, heart and kidney, enlarged spleen and liver,
ascitesin the abdomen, pericarditis and congestion in the heart and
vessels were observed (FIG. 1). The clinical findings of this study are

Samples were taken from the kidney, spleen, liver, gills and heart
of each symptomatic fish using swabs sticks. These were inoculated
on TSA and BA plates and incubated at 15-20°C for 24-72h. Colonies
on TSA plates isolated from heart tissue were generally opaque and



Revista Cientifica, FCV-LUZ / Vol. XXXV, rcfcv-e34462

paleness of heart and gill D) infected kidney

circular with diameters between 0.2 and 0.4 mm (FIG. 2). Our colony
findings are consistent with the findings in study of Didinen et al.[12]in
which white, small and smooth colonies with a diameter of 0.5 mm were
found after inoculation in samples taken from the internal organ of fish.

FIGURE 2. Colony morphology of Vagococcus salmoninarum (S4)
isolated from heart tissue on TSA medium
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FIGURE 1. Post-mortem examination of ﬁsih and arrows show infected areas A) hemorrhage in liver B) hemorrhage in gill C)

Twelve isolates (S4 to S15) were identified as V. salmoninarum
according to biochemical and enzymatic profiles using the commercial
BBL Crystal” GP system for phenotypic characterization and compared
with the reference strain (S3)(TABLE I).

TABLE | shows the confirmation of all the characteristics of the
twelve isolates and their validation with the reference strain. The
biochemical and cultural characteristics of the V. salmoninarum
isolates obtained from this study were consistent and similar with
the BBL Crystal” GP results used in Cagatay and Gumus[13]. Although
Shewmaker et al. [31] reported that V. salmoninarum was placed in
Streptoccocus group IV, which is often difficult to identify based on
morphological and phenotypic characters, results of morphological
identification have been presented in many previous studies such as
Michel et al.[5], Ruiz-Zarzuela et al.[10], Salogni et al.[11], Schmidtke
and Carson[8]and Tanrikul et al. [14].

Nineteen antibiotics were used for antibiotic susceptibilities of
bacterial isolates evaluated by disk diffusion test. The results of our
disk diffusion tests show that all isolates were resistant (R) to twelve
antibiotics (sulfamethoxazole+trimethoprim, neomycin, oxalinic acid,
enrofloxacin, ciprofloxacin flumequine, streptomisin, sulfafurazole,
tetracycline, amoxicillin, streptomycin and chloramphenicol), susceptible
(S)to five(florfenicol, kanamycin, eritromycin, vancomycin and ampicillin),
moderately susceptible (1) to nitrofurantoin and gentamicin was not
calculated (NC)for some isolates and susceptible(S)for others(TABLE I).
The results that V. salmoninarum isolates were resistant to antibiotics
such as oxytetracycline, tetracycline, trimethoprim/sulfamethoxazole,
erythromycin, chloramphenicol, amoxicillin and florfenicol and sensitive
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to gentamicin, vancomycin were found to be consistent with Didinen et al. also found to be resistant in our study. Unfortunately, results suggest
[12]and Tanrikul et al.[14]. Saticioglu et al. [17]reported that two of the that V. salmoninarum has developed resistance to many antibiotics
antimicrobials commonly used in aquaculture are resistant to oxolinic currently used in fish farms, but florfenicol and ampicillin which were
acid and sulfamethoxazole+trimethoprim. These two antibiotics were sensitive[12, 14] could be used for treatment.
TABLEI
Biochemical characterization of isolates and reference strain by BBL Crystal" GP identification system and antibiotic susceptibility
Vagococcus Sensitivity of Isolates
Characteristics saln arum
ATCC 51200 1 2 3 4 5 6 7 8 9 10 1 12
Growth at
10°C + + + + + + + + + + + + +
15°C + + + + + + + + + + + + +
20-22°C + + + + + + + + + + + + +
Hemolysis a a o a a o a a a o a a o
Growth in
2% NacCl + + + + + + + + + + + + +
4% NaCl + + + + + + + + + + + + +
Arabinose - - - - - - - - - - - - -
Mannose + + + + + + + + + + + + +
Sucrose + + + + + + + + + + + + +
Melibiose - - - - - - - - - - - - -
Rhamnose - - - - - - - - - - - - -
Sorbitol - - - - - - - - - - - - -
Mannitol - - - - - - - - - - - - -
Adonitol - - - - - - - - - - - - -
Galactose - - - - - - - - - - - - -
Inositol - - - - - - - - - - - - -
Esculin + + + + + + + + + + + + +
Urea - - - - - - - - - - - - -
Glycine + + + + + + + + + + + + +
Treazolium + + + + + + + + + + + + +
Arginine - - - - - - - - - - - - -
Lysine NA NA NA NA NA NA NA NA NA NA NA NA NA
p-nitrophenyl galactosidase - - - - - - - - - - - - -
p-nitrophenyl a-B-glucosidase + + + + + + + + + + + + +
Antibiotic susceptibility
Sulfamethoxazole+trimethoprim R R R R R R NC R R R R R R
Neomycin R R R R R NC R R R R R R R
Oxalinic acid R R R R R R R R R R R R R
Enrofloxacin R R R R R NC R R R R R R R
Ciprofloxacin R R R R R R R R R R R R R
Flumequine R R R NC R R R NC R R R R NC
Streptomisin R R R R R R R R R R R R R
Sulfafurazole R R R R R R R R R R R R R
Tetracycline R R R R R R R R R R R R R
Amoxicillin R R R R R R R R R R R R R
Streptomycin R R R R R R R R R R R R R
Chloramphenicol R R R R R R R R R R R R R
Florfenicol S S S S S S S S S S S S S
Kanamycin S S S S S S S S S S S S S
Eritromycin S S S S S S S S S S S S S
Vancomycin S S S S S S S S S S S S S
Ampicillin S S S S S S S S S S S S S
Nitrofurantoin I I I I I I I NC NC I I I I
Gentamycin NC NC NC NC S S S S S S S S S

+:positive, - :negative, a:Alpha hemolysis, NA:not available, NC: No calculation, S: Susceptible, I: Moderately susceptible, R: Resistant
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The PCR results of the clinical isolates (S4 to S13) and reference
strains (S3) using 16S rDNA primers, the gene amplicon of 300 bp in
size were positive for elevenisolates and confirmed that the bacteria
were V. salmoninarum, while the other two isolates (S14 to S15) did not
give positive amplicons and thus were not V. salmoninarum (TABLE II).
The results of the clinical isolates that gave positive PCR results in
this study were compared with the previous standard PCR results and
it was observed that amplicons of the same size were obtained[1, 10,
12,14]. However, six of the twelve clinical isolates identified as positive
in the BBL Crystal" GP identification system could not be confirmed
as V. salmoninarum because they did not produce an amplicon for the
16S rDNA gene. The reason for thisis thought to be the inadequacy of
the standard PCR amplification the 16S rDNA gene used to distinguish
similar Streptococcus spp. There are also studies showing that other
PCR methods such as ERIC-PCR[14], gPCR targeting the pheS gene
[7, 32]and partial or whole gene sequencing methods[17]are more
accurate for the detection of V. salmoninarum.

Mass spectrometry analysis was performed using direct sample spotting
technigue and the fully automated rapid microbial mass spectrometry
detection system(Bruker MALDI-TOF MS Biotyper, Germany). Ten of the
twelve isolated bacteria(S4-S13) were identified as V. salmoninarum(mass
score value between 2.20 to 3.00) and S14 was identified as V. fluvialis
(mass score value of 2.24)and S15 was V. lutrae (mass score value of 2.16)
(TABLE II). TABLE Il shows the MALDI-TOF MS identification results of
isolates and the closet-related bacteria match. The characteristic protein
mass peak graph for V. salmoninarum (S4) with the highest score value
isgivenin FIG. 3 that represents the peptide mass fingerprint spectrum
containing a total of sixteen very consistent mass peaks with values of
2612.161, 3275.430, 3719.485, 4202.990, 4855.407, 5578.718, 5833.827,
6553.199, 7273.375, 7438.837, 8337.143, 9138.511, 9706.730, 10371.131,
12429.907 and 15318.777 Da. These characteristic peaks were found in the
spectra of ten V. salmoninarum strains analysed. Comparison of these
results with the reference spectrain the Bruker database resulted in the
100% correct identification of ten bacteria as V. salmoninarum.

TABLEII

Comparison of the results of penotypic, genomic and proteomic methods used in the identification of Vagococcus spp.

. BBL Crystal” GP 16S rDNA Gene MALDI-TOF MS Identification
Sample No Isolate/Strain Name Identification Identification Best Match Bacteria Score Values
S1* Staphylococcus epidermidis ATCC 35984 - - S. epidermidis 2.80
S2* Staphylococcus warneri DSMZ 20316 - - S. warneri 2.90
S3* Vagococcus salmoninarum ATCC 5120 + + V. salmoninarum 3.00
S4 Clinic Isolate 1 + + V. salmoninarum 3.00
S5 Clinic Isolate 2 + + V. salmoninarum 2.30
S6 Clinic Isolate 3 + + V. salmoninarum 2.40
S7 Clinic Isolate 4 + + V. salmoninarum 2.58
S8 Clinic Isolate 5 + + V. salmoninarum 2.86
S9 Clinic Isolate 6 + + V. salmoninarum 2.30
S10 Clinic Isolate 7 + + V. salmoninarum 2.30
S11 Clinic Isolate 8 + + V. salmoninarum 2.20
S12 Clinic Isolate 9 + + V. salmoninarum 2.80
S13 Clinic Isolate 10 + + V. salmoninarum 2.46
S14 Clinic Isolate 11 + - V. fluvialis 2.24
S15 Clinic Isolate 12 + - V. lutrae 2.16

*:Reference strains, Vagococcus fluvialis: V. fluvialis, Vagococcus lutrae: V. lutrae
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FIGURE 3. Representative MALDI-TOF mass peptide profiles of Vagococcus salmoninarum (S4)
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Although there are many articles in the literature on the correct
identification of most fish pathogenic bacteria by MALDI-TOF MS[33],
there are a limited number of published articles on the identification
of V. salmoninarum by the MALDI-TOF MS method. Torres-Corral and
Santos[21] reported the identification of V. salmoninarum using this
method. The results of our study confirm that the mass score values and
protein spectral peaks are similar to the results of this study. However,
according to two previous studies conducted by Buller and Hair [34]
and Almuzara et al. [ 35] this method may only be reliable at the genus
level. The common point in these studies as a reason for the inability to
correctly identify Vagococcus spp. isolates can be explained as the lack
of data for the fish pathogen V. salmoninarum, although the databases
contain spectrum peak data for V. fluvialis and V. lutrae. Nevertheless,
it is though that these problems will be solve in the new and updated
global or in-house databases listed in Cagatay [33].

CONCLUSIONS

This study evaluated the results the higher technological proteomic
MALDI-TOF MS method in combination with conventional diagnostic
methods for the identification of V. salmoninarumisolated from rainbow
trout in TUrkiye. The results suggest that MALDI-TOF MS analysis is a
rapid (2-3 min), inexpensive (~8$1.5 USD) and accurate technique for
species differentiation. It was concluded that MALDI-TOF MS can
be used as an alternative approach for the diagnosis of some fish
pathogens and diseases causing rapid mortality in aquaculture.
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