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ARTICLE INFO ABSTRACT

Keywords: Lactococcus garvieae is the aetiological agent of lactococcosis, an ichthyopathology affecting rainbow trout

Aquaculture (Oncorhynchus mykiss, Walbaum) farming and having recently been considered as a potential food-borne zoo-

L. garvieae ) notic agent. This work aims to characterise a population of 53 L. garvieae isolates from healthy cultured rainbow

Antimicrobial activity . . . . . . . . . . .

Safet trout and rearing environment by using microbiological, biochemical and genetic assays to unveil the potential
afety

impact that their presence may have, not only for fish, but also for consumers. The lactococci exhibited a broad
antimicrobial spectrum against Gram-negative ichthyopathogens, likely due to production of organic acids. The
53 L. garvieae isolates were grouped into two and five genetic clusters by PFGE and ERIC-PCR, respectively. All
the lactococcal isolates produce a-haemolysis and harbour, at least, 10 putative virulence factors (hly-1, hly-2,
hly-3, NADH oxidase, sod, pgm, adhPsaA, eno, LPXTG-3 and adhCI). While all the lactococci were resistant to
streptomycin and clindamycin, no resistance genes were found. The manuscript concludes that the non-existence
of active lactococcosis does not guarantee the absence of potentially virulent L. garvieae, which also exhibit a
great capacity for adaptation and persistence in the environment. Furthermore, the antibiotic resistance profile
shown may lead to re-evaluate the treatments of choice in human patients.

Antibiotic resistance

1. Introduction

Aquaculture represents an important source of high-quality protein
for the nourishment of a ceaseless growing world. Nevertheless, the
intensification of animal production and the rise in average tempera-
tures due to global warming can lead to an increase of infectious diseases
incidence (Algoet et al., 2009; Reverter et al., 2020). The presence of
Lactic Acid Bacteria (LAB) (mainly the genera Lactobacillus, Lactococcus,
Leuconostoc, Enterococcus and Carnobacterium) in fish and their sur-
rounding environment has been well established and both the protective
and probiotic potential of many of these strains have been highlighted
(Gatesoupe, 2008; Gomez-Sala, Feito, Hernandez, & Cintas, 2019;

Verschuere, Rombaut, Sorgeloos, & Verstraete, 2000). Despite the
beneficial role of most LAB in aquaculture, the species Lactococcus gar-
vieae has been identified as the aetiological agent of lactococcosis, a
wide distributed ichthyopathology causing haemorrhagic septicaemia
and important economic losses in rainbow trout (Oncorhynchus mykiss,
Walbaum) and other aquaculture species in both fresh- and salt-water
(Ortega, Irgang, Valladares-Carranza, Collarte, & Avendano-Herrera,
2020; Vendrell et al., 2006). Moreover, in recent years, it has been
proven that L. garvieae is an emerging human pathogen, according to the
increasing number of human being clinical case reports, most of them
suggesting its involvement as a foodborne pathogen and, more specif-
ically, the occurrence of cases related to the consumption of raw fish,
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resulting in endocarditis (Hoz, Gomez-Villegas, Nowbakht, & Arias,
2019; Rawling & Granato, 2014; Malek, De la; Rosch, Buschmann,
Brendel, Schwanz, & Vahl, 2019), bacteraemia (Nakamura et al., 2018;
Sahu et al., 2019), and urinary infection (Choksi & Dadani, 2017), being
considered as a potentially zoonotic agent (Meyburgh, Bragg, &
Boucher, 2017; Vendrell et al., 2006). The relevance of L. garvieae in
aquaculture has spurred numerous researches concerning its epidemi-
ology (Foschino et al., 2008; Ture, Altinok, & Capkin, 2013), virulence
genes and pathogenicity (Eraclio, Ricci, Quattrini, Moroni, & Fortina,
2018; Miyauchi, Toh, Nakano, Tanabe, & Morita, 2012), antimicrobial
susceptibility (Kawanishi et al., 2005; Plumed-Ferrer et al., 2015) or
bacteriocin production (Borrero et al., 2011; Moumene et al., 2016;
Ovchinnikov et al., 2016). However, to date, most of these studies have
only focused on strains isolated from sick fish during outbreaks (Pas-
torino et al., 2019).

The overall aim of this paper was to thoroughly characterise a
collection of 53 L. garvieae isolates previously obtained by our group
from healthy rainbow trout at different growth stages (fry, juvenile and
adult) and rearing environment (tank vegetation and water outflow)
(Aradjo et al., 2015a). Firstly, we determined their direct and extracel-
lular antimicrobial activity against the most important Gram-positive
and Gram-negative ichthyopathogens, as well as their molecular
typing by means of Pulsed-Field Gel Electrophoresis (PFGE) and
Enterobacterial Repetitive Intergenic Consensus Polymerase Chain Re-
action (ERIC-PCR). Secondly, we assessed their in vitro safety to check
for the presence of detrimental activities, attending to several pheno-
typic tests and genotypic evaluation of 17 putative virulence factors.
Finally, we stablished the Minimum Inhibitory Concentrations (MICs) of
9 antibiotics relevant for human and veterinary medicine, according to
the European Food Safety Authority (EFSA) and we evaluated the
presence of potentially transmissible antibiotic resistance genes.

2. Materials and methods
2.1. Bacterial strains growth conditions and DNA extraction

Sixty-one (61) L. garvieae isolates were used for the assays (Table 1),
of which 53 were isolated in a previous study over a one-year period
from rainbow trout and rearing environment from selected stages of the
life-cycle in a southern Spain rainbow trout farm (Aratjo et al., 2015a),
and 8 strains, used as controls, were obtained from several culture col-
lections. Unless otherwise stated, L. garvieae isolates and the other LAB
used in this work were grown in de Man, Rogosa and Sharpe (MRS,
Oxoid Ltd., Basingstoke, UK) agar (1,5%; w/v) (15 g/L) plates or MRS
broth at 30 °C without shaking. Staphylococcus aureus was grown in
Brain Heart Infusion (BHI, Oxoid Ltd.) agar (1,5%; w/v) (15 g/L) plates
or BHI broth at 37 °C without shaking and Flavobacterium psychrophilum
was grown in Tryptone Yeast Extract Salts (TYES) (Holt, 1987) agar (1,
5%; w/v) (15 g/L) plates or TYES broth at 15 °C with shaking, while the
rest of Gram-negative ichthyopathogens (i.e. Aeromonas spp. and Yersi-
nia ruckeri) were grown in Tryptone Soya Broth (TSB, Oxoid, Ltd.) agar
(1,5%; w/v) (15 g/L) plates or TSB broth at 25 °C with shaking. Total
bacterial DNA from L. garvieae isolates was extracted by using the
InstaGene Matrix (BioRad Laboratories, Inc., Hercules, CA, US) ac-
cording to manufacturer’s instructions.

2.2. Taxonomic identification

The identity of the 61 L. garvieae isolates was confirmed through a
PCR-based method (Zlotkin, Eldar, Ghittino, & Bercovier, 1998), with
primers pLG-1 and pLG-2 (Table 2) in 50 pL PCR reactions, containing
5-50 ng of DNA template, 1 pL of each 7 x 10> mol/L primer and 25 yL
of Mytaq Mix (Bioline Reagents, Ltd., London, UK). PCR cycling condi-
tions were conducted in a MJ Mini Gradient Thermal Cycler (BioRad
Laboratories, Inc.) as follows: one initial denaturation step at 95 °C (1
min), 35 cycles of denaturation-annealing-extension (95 °C for 15 s,
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55 °C for 15 s and 72 °C for 10 s, respectively) and a final extension step
at 72 °C (4 min). After agarose (1,5% w/v) (15 g/L) (Pronadisa, Madrid,
Spain) gel electrophoresis, dyed with GelRed Nucleic Acid Gel Stain
(Biotium, Inc., Fremont, CA, US), resulting bands were visualised in a
GelDoc 1000 (BioRad Laboratories, Inc.). Subsequently, the 61
L. garvieae isolates were also identified through Matrix Assisted Laser
Desorption/Ionization Time-Of-Flight Mass Spectrometry (MALDI-TOF
MS) (Maldi Biotyper Smart, Bruker, Billerica, MA, US), considering
identification at the species level when accomplished score was above
2.0 (Eraclio et al., 2019; Reguera-Brito et al., 2016).

2.3. Direct and extracellular antimicrobial activities

Direct and extracellular antimicrobial activities of the 53 L. garvieae
isolates were tested by the techniques Stab-On-Agar Test (SOAT) and
Agar-Diffusion Test (ADT), respectively (Cintas et al., 1995). For SOAT
assays the following indicator microorganisms were used: 5 L. garvieae
strains (L. garvieae DCC43, CF00021, CLG4, CLFP28/06 and CECT5807),
Carnobacterium maltaromaticum LMG14716, S. aureus VISAVET4, and 7
strains of some of the main Gram-negative ichthyopathogens: Aeromonas
hydrophila CECT839, CECT5734, CECT5735 and CECT5736; Aeromonas
salmonicida CECT894; F. psychrophilum CFVP33 and Yersinia ruckeri
LMG3279. For ADT, cell-free culture supernatants (CFS) of the isolates
were obtained by centrifuging overnight cultures at 13,000 rpm for 10
min and sterilised by heating at 95 °C for 10 min in a dry-bath. Subse-
quently, CFS aliquots were treated by (i) adding 2 mol/L NaOH until pH
6.2 was reached, and (ii) incubated at 37 °C for 2 h with proteinase K
(10 mg/mL), to investigate the putative nature of antimicrobial activity.
The ichthyopathogens L. garvieae CF00021, A. hydrophila CECT839 and
F. psychrophilum CFVP33 and the LAB strain Pediococcus damnosus
CECT4797 were used as indicator microorganisms for extracellular
antimicrobial activity.

2.4. Molecular typing

2.4.1. Enterobacterial repetitive intergenic Consensus-PCR (ERIC-PCR)
ERIC-PCR analysis of the 61 L. garvieae isolates was carried out using
the primers ERIC-1R and ERIC-2 (Table 2), according to previous protocol
(Aratijo, Munoz-Atienza, Ramirez, et al., 2015). Briefly, 50 pL PCR re-
actions were prepared with 5-50 ng of DNA template, 1 pL of each 7 x
107> mol/L primer, 3 pL of 50 mol/m® MgCl, and 25 pL of MyTaq Mix
(Bioline Reagents, Ltd.). After PCR steps, initial denaturation (95 °C, 1
min), 35 denaturation-annealing-elongation cycles (95 °C, 15 s; 46 °C, 15
s; 72 °C, 10 s), and final elongation (72 °C, 4 min), amplification products
were run at 90 V for 90 min in an electrophoresis chamber (BioRad Lab-
oratories, Inc.). Bands visualization was performed as described in 2.2.,
using HyperLadder 100 bp (Bioline Reagents, Ltd.) as molecular weight
marker. ERIC-types analyses, clustering and dendrogram construction
were carried out with the CLIQS 1D PRO software (TotalLab, Ltd., New-
castle upon Tyne, UK), using the unweighted pair group method with
arithmetic mean (UPGMA) and based on the Dice’s similarity coefficient.

2.4.2. Pulsed-Field Gel Electrophoresis (PFGE)

The clonality of the 61 L. garvieae isolates was also determined by
Smal-based macro-restriction, resolved by PFGE. Restriction fragments
migration was performed in a CHEF DR-II System (BioRad Laboratories,
Inc.), using a 1% (w/v) (10 g/L) Pulsed field certified agarose (BioRad
Laboratories, Inc.) gel, stabilised at 14 °C, with a 6 V/cm voltage and a
1-20 s switch time ramp, during a 22 h run time. Lambda PFG Ladder
(New England BioLabs, Inc., Ipswich, MA, US) was used as size marker.
After ethidium bromide staining, bands were visualised in a GelDoc
1000 (BioRad Laboratories, Inc.). Genetic relatedness assessment,
bands-pattern comparation and phylogenetic tree construction were
carried out under the Phoretix v.5.0 (Nonlinear Dynamics, Ltd., New-
castle upon Tyne, UK) environment, using UPGMA and based on the
Dice’s similarity coefficient.



Table 1

Lactococcus garvieae isolates used in this study, origin and presence of virulence factors.

Lactococcus garvieae Source Origin Putative virulence factor
isolate hlyl — hly2 hly3 NADH sod pgm adhPav  adhPsaA  eno  LPxTG-  LPXTG-  LPxTG-  LPxTG-  adhCl adhCl adh  CGC
oxidase 1 2 3 4

EF1G/31° Tank vegetation Spain + + + + + + + + + + + + - + + + -

J1G/10" Healthy rainbow Spain + + + + + + + + + - + + - + + + -
trout

J1G/21° Healthy rainbow Spain + + + + + + - + + - + + — 4 + _ _
trout

J1G/31° Healthy rainbow Spain + + + + + + - + + - + + - + + - _
trout

J1G/36" Healthy rainbow Spain + + + + + + - + + - - + - + - _ _
trout

WJ1G/11" Tank water Spain + + + + + + + + + - + + + + _ _ _

WJ1G/21% Tank water Spain + + + + + + + + + - + + - + + - -

WJ1G/25" Tank water Spain + + + + + + - + + - + + + + + + -

WJ1G/28" Tank water Spain + + + + + + - + + - + + - + _ n _

WJ1G/17° Tank water Spain + + + + + + + + + - + + _ + - _ _

WJ1G/35" Tank water Spain + + —+ + + —+ - + + - + + - + _ _ _

WJ1G/38" Tank water Spain + + + + + + - + + - + + + + + + _

WJ1G/43° Tank water Spain + + + + + + - + + - + + _ + - n _

EJ1G/7¢ Tank vegetation Spain + + + + + + + + + - + + - + - - -

J2G/3° Healthy rainbow Spain + + + + + + - + + - - + _ 4 _ _ _
trout

J2G/10" Healthy rainbow Spain + + + + + + - + + - + + - + + - -
trout

J2G/12% Healthy rainbow Spain + + + + + + - + + - + + - + + - _
trout

J2G/31% Healthy rainbow Spain + + + + + + - + + - + + + + + - -
trout

J2G/32" Healthy rainbow Spain + + + + + + - + + - - + - + - _ _
trout

J2G/40" Healthy rainbow Spain + + + + + + + + + - + + + + - + -
trout

J2G/42° Healthy rainbow Spain + + + + + + - + + - + + - + _ _ _
trout

J2G/46" Healthy rainbow Spain + + + + + + - + + - + + - + _ - _
trout

J2G/47% Healthy rainbow Spain + + + + + + - + + - + + - 4 - - _
trout

WJ2G/1" Tank water Spain + + + + + + - + + - + + - + _ n _

WJ2G/2" Tank water Spain + + + + + + - + + + + + - + + - -

WJ2G/4" Tank water Spain + + + + + + _ + + _ + + _ + + + _

WJ2G/10" Tank water Spain + + + + + + + + + - + + - + n _ _

WJ2G/11% Tank water Spain + + + + + + + + + - + + - + - - -

WJ2G/14° Tank water Spain + + + + + + - + + + + + - 4 _ _ _

WJ2G/16" Tank water Spain + + + + + + - + + - + + - + - - -

WJ2G/26" Tank water Spain + + + + + + - + + - + + - + - _ _

WJ2G/29" Tank water Spain + + —+ + + —+ - + —+ - + + - + - - -

EJ2G/18" Tank vegetation Spain + + + + + + - + + - + + - + + + _

EJ2G/31" Tank vegetation Spain + + + + + + + + + - + + - + n _ _

EJ2G/34" Tank vegetation Spain + + + + + + - + + - + + - + - + -

EJ2G/44" Tank vegetation Spain + + + + + + - + + - + + - + _ - _

EJ2G/45" Tank vegetation Spain + + + + + + - + + - + + - + _ _ _

(continued on next page)
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Table 1 (continued)

1 onad T

Lactococcus garvieae Source Origin Putative virulence factor

isolats

1sotate hlyl hly2 hly3 NADH sod pgm adhPav  adhPsaA emo LPXTG-  LPXTG-  LPxTG-  LPXTG-  adhCl adhC adh  CGC

oxidase 1 2 3 4

EJ2G/47% Tank vegetation Spain + + + + + + - + + - + + _ + n _ _

A1G/15° Healthy rainbow Spain + + + + + + - + + - + 4 4 4 + - _
trout

Al1G/24° Healthy rainbow Spain + + + + + + + + + — 4 + _ + _ _ _
trout

A1G/45% Healthy rainbow Spain + + + + + + - + + - + + - + _ _ _
trout

A1G/1° Healthy rainbow Spain + + + + + + + + + - + + - + - - -
trout

EA1G/23° Tank vegetation Spain + + + + + + - + + - + + - + n _ _

WA2G/4" Tank water Spain + + —+ + + + - + + - + + - + + _ _

WA2G/8" Tank water Spain + + + + + + + + 4 - 4 4 - 4 _ _ _

WA2G/22° Tank water Spain + + + + + o+ + + + - + + - + - + -

WA2G/38" Tank water Spain + + —+ + + + - + —+ - + + - + - - -

WA2G/10" Tank water Spain + + + + + + + + + - + + - 4 - - _

EA2G/10" Tank vegetation Spain + + + + + + - + + - + + - + + - _

EA2G/17° Tank vegetation Spain + + + + + + + + + - + + + + n _ _

EA2G/23" Tank vegetation Spain + + + + + + + + + - + + + + - - -

EA2G/33" Tank vegetation Spain + + + + + + - + + - + + - + _ - _

EA2G/38° Tank vegetation Spain + + + + + + - + + - + + - + _ _ _

CLG4" Diseased rainbow Spain + + + + + + + + + - + + - + - - -
trout

CLG5" Diseased rainbow Spain + + + + + + - + + — + + — + + _ _
trout

CLFP28/06" Diseased rainbow Spain + + + + + + + + + - + + - + - - —
trout

CF00021°¢ Diseased rainbow United + + + + + + - + + - + + - + - - -
trout Kingdom

CF01144° Diseased rainbow United + + + + + + + + + + + + - + _ - _
trout Kingdom

JIP29,/99¢ Diseased rainbow France + + + + + + + + + + - + + + + + -
trout

DCC43" Mallard duck Spain - - - + + + - - + — - - — _ _ _ _

CECT5807¢ Diseased rainbow Australia + + + + + + + + + + - + + + + + -
trout

-+, indicates the presence of the corresponding virulence factor.
-, indicates the absence of the corresponding virulence factor.
2 SD-NUTRYCIAL: Department Section of Nutrition and Food Science, Universidad Complutense de Madrid, Spain.
b LFP-UNIZAR: Laboratory of Fish Pathology, Universidad de Zaragoza, Spain.
¢ CEFAS-BCC: Centre for Environment Fisheries and Aquaculture Science-Bacterial Culture Collection, United Kingdom.
d Jouy-en-Josas SC: Jouy-en-Josas Strain Collection, INRAE, France.
¢ CECT: Spanish Type Culture Collection, Universidad de Valencia, Spain.
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Table 2
Oligonucleotide primers used in this study.

Target gene or DNA Primer 5'-3' sequence” PCR amplicon Annealing Reference

fingerprinting method length (bp) temperature (°C)

16S rDNA pLG-1 CATAACAATGAGAATCGC 1100 55 Zlotkin et al. (1998)
pLG-2 GCACCCTCGCGGGTTG

ERIC-PCR ERIC-1R ATGTAAGCTCCTGGGGATTCAC Variable 46 Versalovic, Koeuth, and Lupski (1991)
ERIC-2 AAGTAAGTGACTGGGGTGAGCG

Hdc CL1 CCWGGWAAWATWGGWAATGGWTA 458 48 Le Jeune, Lonvaud-Funel, Brink, Hofstra,
JV17HC AGACCATACACCATAACCTT and van der Vossen (1995)

Tdc TD5 CAAATGGAAGAAGAAGTAGG 1100 48 Coton, Coton, Lucas, and Lonvaud
TD2 ACATAGTCAACCATRTTGAA (2004)

Odc 3 GTNTTYAAYGCNGAYAARACNTAYTTYGT 1446 52 Marcobal, de las Rivas, Moreno-Arribas,
16 TACRCARAATACTCCNGGNGGRTANGG and Munoz (2005)

Ldc CAS2-R CAYRTNCCNGGNCAYAA 1185 53 de las Rivas, Marcobal, Carrascosa, and
CAD2-F GGDATNCCNGGNGGRTA Munoz (2006)

hlyl H1-F CCTCCTCCGACTAGGAACCA 521 54 Ture and Altinok (2016)
H1-R GAAAAGCCAGCTTCTCGTGC

hly2 H2-F TCTCGTGCACACCGATGAAA 492 53 Ture and Altinok (2016)
H2-R TGAACTTCGGCTTCTGCGAT

hly3 H3-F AACGCGAGAACAGGCAAAAC 291 56 Ture and Altinok (2016)
H3-R CCCACGTCGAGAGCATAGAC

NADH oxidase NADHO- TGCGATGGGTTCAAGACCAA 331 53 Ture and Altinok (2016)
F
NADHO- GCCTTTAAAAGCCTCGGCAG
R

Sod SOD-F GCAGCGATTGAAAAACACCCA 80 54 Ture and Altinok (2016)
SOD-R TCTTCTGGCAAACGGTCCAA

Pgm PG-F AAGTTTACGGCGAAGACGGT 997 53 Ture and Altinok (2016)
PG-R TTTTCTGGTGCATTGGCACG

adhPav AP-F CCTGTCGGGCGCTTTTATTG 232 56 Ture and Altinok (2016)
AP-R TCCCGGAAGAAGAGTACGGT

adhPsaA APSA-F GTTGCAACAGCTGGACACAG 180 54 Ture and Altinok (2016)
APSA-R ATACGGTTGAGTTGGGCTGG

Eno E-F CAAGAGCGATCATTGCACGG 201 54 Ture and Altinok (2016)
E-R CATTCGGACGCGGTATGGTA

LPxTG-1 LP1-F GTGAACGTGGAGCTTCCAGA 878 54 Ture and Altinok (2016)
LP1-R CCACTCACATGGGGGAGTTC

LPXTG-2 LP2-F GCCAGTGAGAGAACCGTTGA 767 54 Ture and Altinok (2016)
LP2-R CAGGTTCAAGTGCAACTGCC

LPxTG-3 LP3-F TTAAGCACAACGGCAACAGC 231 54 Ture and Altinok (2016)
LP3-R CACGCGAAATGATGGTGCAT

LPxTG-4 LP4-F GGGAGCACCGGATTCACTTT 928 52 Ture and Altinok (2016)
LP4-R ACAAAGCCGCAGACCTTACA

adhCI AC1-F TTGGGCACATCAGACTGGAC 264 54 Ture and Altinok (2016)
AC1-R AGCATCATCAGCTGCCAAGT

adhCIl AC2-F CTGCGAGTGGCATCTCCATT 160 52 Ture and Altinok (2016)
AC2-R TCAACACTGCGACCTTCTGT

Adh AF-F CAGCCAGCACCAGGTTATGA 358 54 Ture and Altinok (2016)
AF-R CTCCTGCGTTGACATGGACT

CGC 1020-F ACCTTCACTTGCATTCATAGGGT 304 56 Ture and Altinok (2016)
1323-R TTGTCCCAGAGGGTTCTCCT
851-F TAGGAGGTGTTCCTGGGAGG 549
1399-R TGTCCCACTCCTACTGTCGT
6329-F AAAAACGGAGGGCAACAAGC 785
7175-R CACTTGTACAGGCCACTGGT
5358-F TGGAGGGTATTGCCTACCGA 650
6007-R CCACAGCAGCTTCTTCACCT

aph(3)-1lla aph(3)-F  GCCGATGTGGATTGCGAAAA 292 60 Rojo-Bezares et al. (2006)
aph(3')- GCTTGATCCCCAGTAAGTCA
R

aac(6')-le-aph(2")-la aac-F GAGCAATAAGGGCATACCAAAAATC 505 62 Donabedian et al. (2003)
aac-R CCGTGCATTTGTCTTAAAAAACTGG

aad(E) aadEI GCAGAACAGGATGAACGTATTCG 369 55 Klare et al. (2007)
aadEIl ATCAGTCGGAACTATGTCCC

lin(A) linA GGTGGCTGGGGGGTAGATGTATTAACTGG 323 57 Lina et al. (1999)
linA’ GCTTCTTTTGAAATACATGGTATTTTTCGATC

lin(B) LINB1 CCTACCTATTGTTTGTGGAA 925 54 Bozdogan et al. (1999)
LINB2 ATAACGTTACTCTCCTATTC

aW=AorT;,R=A0orGN=AT,GorC;Y=TorC;D=A,TorG.

2.5. Invitro safety assessment

2.5.1. Haemolytic and gelatinase activities
The method described by Eaton and Gasson (2001) and modified by
Munoz-Atienza et al. (2013) was used to study the haemolytic and

gelatinase activities of the 61 L. garvieae isolates. For haemolysin ac-
tivity, 10 pL of each strain grown in MRS broth overnight at 30 °C was
streaked on Columbia agar (1.5%, w/v) (15 g/L) plates supplemented
with 5% (v/v) (50 mL/L) horse blood (BioMérieux, Marcy—l’Etoile,
France). Blood agar plates were incubated at 37 °C for 24 h. The a- and
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B-haemolysis were revealed by the appearance of greenish halos and
clear zones, respectively, around and below the cultures. Streptococcus
pneumoniae FQ6 and Enterococcus faecalis SDP10 were used as positive
controls for a- and p-haemolysis, respectively. For gelatinase activity,
cultures grown in MRS broth overnight at 30 °C were streaked on
Todd-Hewitt (Oxoid Ltd.) agar plates (1.5%, w/v) (15 g/L) supple-
mented with 3% (w/v) (30 g/L) gelatin porcine skin (Oxoid Ltd.). The
plates were incubated overnight at 30 °C and subsequently kept at 4 °C
for 5 h. The presence of a cloudy halo around the colonies was inter-
preted as gelatine hydrolysis. E. faecalis P4 was used as a positive
control.

2.5.2. Bile salts deconjugation

The ability to deconjugate bile salts by the 61 L. garvieae isolates was
also evaluated (Noriega, Cuevas, Margolles, & de los Reyes-Gavilan,
2006). Briefly, 10 pL of each bacterial strain grown in MRS broth
overnight at 30 °C were spotted onto MRS agar plates (1.5%, w/v) (15
g/L) supplemented with 0.05% (w/v) (0.5 g/L) 1-cysteine and sodium
salt of taurocholate (primary salt) or taurodeoxycholate (secondary salt)
(Sigma-Aldrich Corporation, St. Louis, MO, US) (0.5%, w/v) (5 g/L) and
incubated under anaerobic (AnaeroGen, Oxoid) conditions at 37 °C for
72 h. The appearance of opaque bubbly halos around the cultures was
considered as a positive result (precipitated bile acid). Fresh faeces from
a healthy adult dog, resuspended and vortexed in BHI broth (Oxoid Ltd.)
and incubated at 37 °C for 24 h, were used as a positive control.

2.5.3. Mucin degradation

The ability of the 61 L. garvieae isolates to degrade mucin was ana-
lysed following previously described method (Zhou, Gopal, & Gill,
2001). Briefly, 10 pL of MRS broth culture of each strain were spotted
onto medium B, without glucose, agar plates (1.5%, w/v) (15 g/L)
supplemented with 0.5% (w/v) (5 g/L) mucin from porcine stomach
type III (Sigma-Aldrich Corp.). After anaerobic (AnaeroGen, Oxoid) in-
cubation at 37 °C for 72 h, plates were stained with 0.1% (w/v) (1 g/L)
amido black in 3.5 mol/L acetic acid for 30 min and subsequently
washed with 1.2 mol/L acetic acid. The appearance of discoloured halos
surrounding the cultures was interpreted as a positive result. The same
positive control as in 2.5.2 was used.

2.5.4. Biogenic amine production

Firstly, biogenic amine (histamine, tyramine, putrescine and
cadaverine) production by the 61 L. garvieae isolates was evaluated
using a screening procedure (Bover-Cid & Holzapfel, 1999). Briefly,
bacterial strains were activated by subculturing them successively five
times in MRS broth enriched with 0.005% (w/v) (0.05 g/L) of pyridoxal
5-phosphate hydrate (Sigma-Aldrich Corp.) and 0.1% (w/v) (1 g/L) of
the respective precursor amino acid (histidine, tyrosine, ornithine or
lysine) (Sigma-Aldrich Corp.) overnight at 32 °C. After this, each culture
was doubly streaked onto improved decarboxylase screening medium
plates, containing (or not, as control) 1% (w/v) (10 g/L) of each pre-
cursor amino acid. Plates were then incubated anaerobically (Anaer-
0Gen, Oxoid) for 96 h at 37 °C. Positive result was considered when
medium colour turned purple, due to the alkalinisation caused by his-
tidine decarboxylase (HDC), tyrosine decarboxylase (TDC), ornithine
decarboxylase (ODC) or lysine decarboxylase (LDC) activity. As positive
controls, Enterococcus faecium L50 was used for tyramine, Lactobacillus
sp. 30a for histamine and putrescine and Staphylococcus epidermidis
ATCC12228 for cadaverine. Afterwards, the 61 L. garvieae isolates were
tested by PCR to evaluate the presence of the genes encoding HDC (hdc),
TDC (tdc), ODC (odc) and LDC (Idc) using the oligonucleotide primers
listed in Table 2. PCR products were analysed by electrophoresis on
1.5% (w/v) (15 g/L) agarose gels as described in 2.2.

2.5.5. PCR detection of virulence factors
The presence of seventeen putative virulence factors, hlyl, -2, -3
(haemolysins 1, 2 and 3), NADH oxidase, sod (superoxide dismutase),
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pgm (phosphoglucomutase), adhPav (adhesin Pav), adhPsaA (adhesin
PsaA), eno (enolase), LPxTG-1, -2, -3, -4 (LPxTG surface proteins 1, 2, 3
and 4), adhCI, —CII (adhesin clusters I and II), adh (adhesin) and CGC
(capsule gene cluster) (Miyauchi et al., 2012; Morita et al., 2011) in the
61 L. garvieae isolates was evaluated by PCR with the primers reported in
Table 2. Concisely, PCR reactions and imaging were performed as
described in 2.2.

2.5.6. Antibiotic susceptibility testing

The MICs of 9 antibiotics against the 61 L. garvieae isolates were
determined by a broth microdilution test (Klare et al., 2005), with slight
modifications (Aratjo, Munoz-Atienza, Ramirez, et al., 2015). The an-
tibiotics were chosen according to the EFSA Panel on Additives and
Products or Substances used in Animal Feed (FEEDAP) guidelines on the
Guidance on the characterisation of microorganisms used as feed addi-
tives or as production organisms (Rychen et al., 2018). Due to the lack of
guidelines and breakpoints for L. garvieae, the antibiotics were selected,
and the results interpreted, according to those established for Lacto-
coccus lactis, as this is the most phylogenetically related microorganism
considered by this agency. The antibiotics tested were: kanamycin
(2-256 mg/L), streptomycin (2-256 mg/L), gentamicin (1-128 mg/L),
chloramphenicol (0.5-64 mg/L), vancomycin (0.25-32 mg/L), tetracy-
cline (0.25-32 mg/L), clindamycin (0.125-16 mg/L), ampicillin
(0.0625-8 mg/L), and erythromycin (0.0625-8 mg/L). Briefly, indi-
vidual colonies of each isolate were suspended in 10 mL saline solution
(0.9%; w/v) (9 g/L) until reaching a turbidity of one in the McFarland
standard (ca. 3.0 x 10® CFU/mL), and subsequently diluted 1000 times
in LSM broth (ca., 3.0 x 10° CFU/mL). 50 pL of the corresponding
bacterial suspension were added as inoculum to each well of a microtiter
plate, containing two-fold serial dilutions of each corresponding anti-
biotic, obtaining 1.5 x 10* CFU of the respective isolate in each well.
The plates were covered with transparent lids and incubated at 30 °C for
18 h. Strains were considered resistant when their MIC for one specific
antimicrobial were higher than the respective cut-off value. Quality
control was performed with the strains S. aureus CECT794 and E. faecalis
CECT795.

2.5.7. Detection of acquired antimicrobial resistance genes

The lactococcal strains that showed antibiotic resistance by the broth
microdilution test were tested by PCR to determine the presence of
transferable genetic determinants conferring resistance to the corre-
sponding antibiotics: kanamycin [aph(3')-Illa and aac(6')-Ie-aph(2")-
Ia], streptomycin [aad(E)], gentamicin [aac(6')-Ie-aph(2")-Ia] and lin-
cosamides [lin(A) and lin(B)], by using the oligonucleotide primers
shown in Table 2. PCR amplifications and results analyses were per-
formed essentially as described in 2.2. DNA from E. faecium 3Erl and
E. faecalis C1570 were used as positive controls for amplification of aph
(3)-Illa, aac(6')-Ie-aph(2”)-Ia and aad(E), and lin(A), respectively.

3. Results and discussion

3.1. Taxonomic identification, antimicrobial activity and molecular
typing of the 61 L. garvieae isolates

By using the PCR method (Zlotkin et al., 1998) and MALDI TOF MS
analyses, the 61 lactococcal isolates were taxonomically identified as
L. garvieae, which agrees with our previous identification (Aratjo et al.,
2015a). On the PCR method, the 61 isolates showed the expected 1100
bp band. It should be noted that this method has been used for years and
represents an affordable alternative for laboratories to ease the identi-
fication of L. garvieae isolates (Foschino et al., 2008; Kawanishi et al.,
2006; Ravelo, Magarinos, Lopez-Romalde, Toranzo, & Romalde, 2003).
Moreover, the suitability of MALDI-TOF MS for fast taxonomical iden-
tification of bacteria has been previously reported, especially in the
clinical setting (Assis et al., 2017; Gibello et al., 2016; Malek, De la Hoz,
Gomez-Villegas, Nowbakht, & Arias, 2019).



Table 3

Direct antimicrobial activity of the 53 L. garvieae isolates against selected indicator microorganisms®.

Indicator strains”

Lactococcus garvieae L.garvie L. garvi L. L. garvi L. garvi C. maltaroma A. hydrop A. hydrop 734 A. hydrop A. hydrop A. salmoni F. psychroph Y. ruck
isolates DCC4 CF000 garvie CLFP28  CECT5 LMG14 CECT8 hila CECT5  CECT5 CECT5 CECT8 CFVP LMG32
CLG S. aure VISAV
EF1G/31 ++ ++ + + ++ - + o+ +++ ++ +++ ++ ++++ 4+
J1G/10 ++ ++ + + ++ ++ ++ FH++ o+ ot +++ FHt FH++ e+
J1G/21 ++ ++ + + ++ ++ ++ ++++ +4++ +++ +++ +++ ++++ 4+
J1G/31 ++ ++ ++ + + + ++ F++++ ++++ ++ ++ ++ ++++ +++
J1G/36 ++ ++ + ++ ++ ++ ++ ++++ 4+ ++ ++ +++ ottt
WJ1G/11 ++ ++ + + + ++ ++ A+ i+ FHt FH+ FH++ e+
WJ1G/21 ++ ++ + ++ + + ++ F++++ ++++ +++ +++ +++ 4 4+
WJ1G/25 ++ ++ + + + ++ + ++++ o+ 44+ +++ +++ +++ 44+
WJ1G/28 ++ ++ ++ + + + + Tt FH+ FHt ++ T+t e+t
WJ1G/17 ++ ++ + ++ + + ++ ++++ ++++ 4+ ++ +++ o+ +++
WJ1G/35 ++ ++ + + + ++ ++ +++++ ++++ +++ +++ ++ 4 +++
WJ1G/38 ++ ++ ++ + ++ ++ ++ -+ -+ -+ +++ ++ +++++ ++++
WJ1G/43 ++ ++ + ++ + - ++ e +++ ++++ -+ +H++ ++++
EJ1G/7 ++ + - ++ + + + ++ +++ 4+ +++ ++ -+ -+
J2G/3 ++ ++ + + ++ + + e ot +++ ++ +++ +H++
J2G/10 ++ ++ + + + - ++ FH+ FH+ FH++ o+ et +++
J2G/12 ++ ++ ++ ++ + - + -+ ++ ++++ -+ ++++ +++
J2G/31 ++ ++ + ++ ++ + ++ e+t +++ o+ et +++ o+
J2G/32 ++ ++ ++ ++ ++ + + FH++ FH+ FH++ Ft ++ A+
J2G/40 ++ ++ + ++ + ++ + 4+ ++++ +++ ++ e I
J2G/42 ++ ++ ++ + + - ++ e+t +++ o+ +++ ++ FHtHt
J2G/46 ++ ++ ++ ++ + + + e+t ++ o+ +++ ++ o+ +H++
J2G/47 ++ ++ ++ + + + ++ ++++ ++++ ++++ ++++ 1+ +H+++
WJ2G/1 ++ ++ + ++ ++ ++ + FH+++ ++++ +++ ++ ++++ +++
WJ2G/2 ++ ++ ++ + + + ++ A+ o+ +H++ +++ -+
WJ2G/4 ++ ++ ++ + + - + e +++ FH++ ot e R
WJ2G/10 ++ ++ + + ++ ++ ++ ++ ++ 4+ +++ ++ +++ +++
WJ2G/11 ++ ++ ++ + ++ + ++ e+t o+ ot ++ ++ FHHH+
WJ2G/14 ++ 4+ ++ - ++ - ++ T+ ++ +++ ++ ++ Tt
WJ2G/16 ++ ++ + + + + ++ ++ ++ +++ ++ ++ +H++ e+t
WJ2G/26 ++ ++ + + ++ + + ++ ++ +++ +++ ++ ++++ +++
WJ2G/29 ++ ++ + + + + + +++ ++ +++ +++ ++ +H+++
EJ2G/18 +++ A+ + + ++ ++ + e ot 4+ +++ ++ o ++
EJ2G/31 ++ ++ + + ++ + - +++ +++ +4+ +++ ++ +++ +++
EJ2G/34 ++ ++ ++ + ++ ++ - ++ ++ ot +++ ++ o+ ++
EJ2G/44 ++ ++ ++ + ++ + + +++ ++ +++ +++ +++ ++ ++
EJ2G/45 ++ ++ ++ + ++ ++ + ++ ++ +++ +++ ++ +H++ ++
EJ2G/47 ++ ++ + + ++ + + 4 ++ 44+ +++ ++ +HHH+
A1G/15 ++ ++ ++ ++ ++ ++ + FH++ o+ FH++ ++ ++ o+ +++
A1G/24 ++ ++ ++ + ++ + + o+ ot +++ +++ +++ -+
A1G/45 ++ ++ + + ++ + ++ ++ Fttt+ +++ ++ ++++ ++
A1G/1 ++ ++ - ++ ++ + - ++ o+ FH++ ot ++ o+ ++
EA1G/23 ++ ++ + + ot ++ ++ e ot +H++ +++ ++ +++ ++
WA2G/4 ++ ++ + ++ ++ ++ - o+ 4+ ++++ ++ ++ +++ +++
WA2G/8 ++ ++ + ++ ++ ++ - ++ e+t +++ +++ +++ F++ +++
WA2G/22 ++ o+t + ++ ++ + + ++ +++ +++ e +++
WA2G/38 ++ ++ + ++ ++ ++ ++ ++ ++ 4+ +++ o+ ++
WA2G/10 ++ ++ + + ++ ++ ++ o+ +++ o+ +++ et ++
EA2G/10 ++ ++ + ++ ++ ++ - FH+ et A FH+ et +++
EA2G/17 ++ ++ ++ ++ ++ ++ ++ ++ +++ +++ +++ ++ -+
EA2G/23 ++ ++ + + ++ + + ++ ++ o+ +++ ++ FHtHt
EA2G/33 ++ ++ + + ++ + + o+ + o+ +++ +++ FHtHt
EA2G/38 ++ ++ + ++ + + ++ ++ ++ FH++ et FH+ FHH+

# Direct antimicrobial activity as determined by a SOAT.

b Score reflects ranges of growth inhibition (diameter in mm): , no inhibition; +, >3-5 mm; ++, >5-10 mm; +++, >10-15 mm; ++++, >15-20 mm; +-++-++, >20 mm.
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On the other hand, the results of the direct antimicrobial activity of
the 53 lactococcal isolates are shown in Table 3. All the isolates
exhibited a broad antimicrobial spectrum, inhibiting the growth of, at
least, 12 of the 14 indicator strains. 70% of the isolates displayed a
potent antimicrobial activity, defined as no more than three indicators
poorly inhibited (halo diameter <5 mm) or no more than one indicator
without inhibition (halo diameter <3 mm). The most sensitive in-
dicators were the Gram-negative fish pathogens, mainly A. hydrophila
CECT839 and CECT5735, and F. psychrophilum CFVP33. Our results also
reveal a moderate inhibition of S. aureus VISAVET4, which contrasts
with previous findings in which L. garvieae strains showed a potent
antagonism against coagulase-positive staphylococci (Abdelfatah &
Mahboub, 2018; Delpech et al., 2017). Microbial antagonism exerted by
LAB may be due to several mechanisms, including competition for nu-
trients and production of organic acids and other antimicrobial metab-
olites, including ethanol, hydrogen peroxide and
ribosomally-synthesised peptides or proteins (i.e., bacteriocins) (Cin-
tas, Casaus, Herranz, Nes, & Hernandez, 2001; Cotter, Hill, & Ross.,
2005; Gomez-Sala et al.,, 2019). To date, several bacteriocinogenic
L. garvieae strains have been described (Borrero et al., 2011; Moumene
et al., 2016; Ovchinnikov et al., 2016; Tosukhowong et al., 2012; Villani
et al., 2001). The extracellular antimicrobial activity was maintained
after proteinase K treatment but disappeared after pH neutralization,
suggesting that it was not due to bacteriocins but to organic acids. This
could partially explain the fact that organic acid producing species used
as indicator microorganisms, namely, Lactococcus spp. and Carnobacte-
rium spp., were less sensitive to the direct antimicrobial activity exerted
by the lactococcal isolates. In this regard, production of organic acids
has been reported for several lactococcal strains (Ridwan et al., 2008;
Rgssland, Andersen-Borge, Langsrud, & Sgrhaug, 2003; Sabo et al.,
2020), but, to our knowledge it has not been previously described for
L. garvieae.

Genetic relatedness between the 53 L. garvieae isolates characterised
and the 8 L. garvieae strains used as controls was accomplished by two
DNA fingerprinting methods, namely ERIC-PCR and PFGE. Molecular
fingerprinting methods have been widely used for bacteria typing,
mainly within epidemiological studies to describe transference routes
during an outbreak and to determine the relatedness between isolates
from various sources (Munoz-Atienza et al., 2016; Neoh, Tan, Sapri, &
Tan, 2019). To our knowledge, this is the first time that a DNA finger-
printing analysis has been conducted on a population of L. garvieae
isolated in a fish farm without a history of lactococcosis. Analysis of
PFGE-Smal patterns of the 61 L. garvieae isolates revealed two main
clusters or PFGE-types (Fig. 1). Interestingly, 57 isolates (including 5 of
the control strains) were grouped into a main cluster (100% similarity),
separated from the remaining four isolates (57% similarity). Remark-
ably, the strain DCC43, isolated from game mallard duck (the only
non-fish origin isolate analysed in our study), exhibited a noticeably
distinct and unique PFGE pattern. On the other hand, the strains
JIP29-99 and CECT5807, obtained from culture collections, as well as
the isolate EF1G/31, the only one obtained from the early rainbow trout
fry environment, present a PFGE-type different to the rest of the isolates.
Interestingly, our PFGE results reveal the clustering of the UK strains
(CF00021 and CF01144) together with the Spanish fish-origin isolates
(except EF1G/31), as well as the relevant clonality between the Spanish
isolates, which agrees with previous reports (Algoet et al., 2009; Ravelo
et al., 2003; Tejedor et al., 2011; Vela et al., 2000).

On the other hand, ERIC-PCR allowed the differentiation of five main
clusters (ERIC-types I to V) (Fig. 2). Remarkably, we found some co-
incidences with the results obtained by PFGE. In this respect, strains
DCC43, EF1G/31 and JIP29-99 showed three unique ERIC-types (I, II
and IV, respectively), confirming that they are not genetically related to
the other isolates. However, by using this technique, isolates J2G/32
and J2G/40 constitute a separate cluster (ERIC-type III). Nonetheless,
these strains exhibit amongst them different characteristics in terms of
virulence factors codified or antimicrobial resistance profile (see 3.2).
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This finding agrees with previous studies, in which the similarity in DNA
fingerprinting patterns does not correlate with identical phenotypic
characteristics (Kawanishi et al., 2005; Ture et al., 2013). Finally, the
ERIC-type V comprises the remaining 50 lactococcal isolates charac-
terised in this study, as well as the remaining strains obtained from
Spanish and English culture collections, including 44 isolates with 100%
similarity. Furthermore, unlike previous findings (Ture et al., 2013), we
observed a correlation between patterns obtained by PFGE and
ERIC-PCR. Considering the slightly greater discernment capacity, the
ERIC-PCR technique represents a valid fast and simple strategy for the
molecular fingerprinting of L. garvieae isolates.

3.2. In vitro safety assessment of the L. garvieae isolates

Biochemical and PCR analyses revealed that both the 53 L. garvieae
isolates characterised in this study and the L. garvieae strains used as
controls produced a-haemolysis, excepting L. garvieae DCC43, which
showed y-haemolysis. It is noteworthy that, as mentioned below, this is
the only strain amongst those characterised in this work that does not
harbour the genes hly-1, hly-2 and hly-3. L. garvieae has been generally
recognised as a-haemolytic (Meyburgh et al., 2017), however descrip-
tion of B- and y-haemolytic strains has also been reported (Chen, Lin,
Liaw, & Wang, 2001; Gibello et al., 2016; Vendrell et al., 2006). Inter-
estingly, none of the 61 L. garvieae isolates exerted gelatinase or
bile-deconjugating activities, similarly as previously reported for other
lactococci (Aratijo, Munoz-Atienza, Ramirez, et al., 2015; Fernandez,
Alegria, Delgado, & Mayo, 2010; Vinderola & Reinheimer, 2003).
Excessive deconjugation has been associated with lipid maldigestion,
causing problems in the emulsification of lipids, the formation of mi-
celles and the absorption of fatty acids and monoglycerides, and being
related to intestinal cytotoxicity and carcinogenesis (Begley, Gahan, &
Hill, 2005; Begley, Hill, & Gahan, 2006; Long, Gahan, & Joyce, 2017;
Marteau et al., 1995; Ridlon, Kang, Hylemon, & Bajaj, 2014). Gelatinase
activity has been associated with increased virulence and pathogenicity
of microorganisms by negatively affecting the innate immune response
of the host (Potempa & Pike, 2009; Thurlow et al., 2010).

None of the 61 L. garvieae isolates degraded mucin, as described for
other lactococci and LAB species (Klopper, Deane, & Dicks, 2018;
Munoz-Atienza et al., 2013; Aratijo at al., 2015b, 2015c, 2016). In this
respect, mucinolytic activity has been associated with the invasive ca-
pacity of bacteria, enabling them to cross the mucosal barrier and to
translocate into the extraintestinal space (Ruseler-van Embden, van
Lieshout, Gosselink, & Marteau, 1995).

Biochemical and genetic analyses revealed that none of the 61 lac-
tococcal isolates produce biogenic amines. Although many biogenic
amine-producing LAB strains have been described, most studies did not
find histamine-producing LAB of fish origin (Bunkova et al., 2009;
Munoz-Atienza et al., 2011; Aratjo et al., 2016). Histamine has special
relevance in fish consumption as a causative agent of scombroid
poisoning, while tyramine is associated with migraines and hypertensive
crises (Bover-Cid & Holzapfel, 1999). In addition, putrescine and
cadaverine enhance the toxic effect of histamine and tyramine (Landete,
Ferrer, & Pardo, 2007). Previous studies on L. garvieae did not detect
histamine production; however, tyramine production has been reported
(Fortina et al., 2007), reinforcing the belief that production of biogenic
amines is associated with the strain rather than with the species
(Elsanhoty & Ramadan, 2016).

The PCR evaluation of the presence of putative virulence factors in
the 61 L. garvieae isolates revealed a great heterogeneity (Table 1).
Regarding our 53 lactococcal isolates of fish origin, 94% presented, at
least, 11 putative virulence factors, being hly-1, hly-2 and hly-3, NADH
oxidase, sod, pgm, adhPsaA, eno, LPxTG-3 and adhClI present in all of
them. However, none of the isolates showed CGC, revealing that none of
them presented capsule. In this respect, the presence of capsule and its
association with virulence has been a long-discussed issue and different
approaches have been used to reveal its existence, from classical staining



J. Feito et al. LWT 162 (2022) 113496

JP29.99
CECT5807 | I
EF1G/31
DCc43
WJ1G/25
WJ1G/28
WJ1GHT
WJ1G/35
WJ1G/38
EJ1G/7
12613
J2Gi10
J2Gi12
J2Gi31
J26i32
J2G140
J2Gi42
| J2GH46
J2Gi47

: CWJ26H
25 00 B Wi2GH0
S0 SESER T WJ126/11
2 ] WJ2G/14
WJ2G/16
| WJ2G/26
WJ2G/29
EJ2G/18
EJ2Gi31
EJ2G/34
EJ2G/44
EJ2G145
EJ26G/4T7
AlGI24  F 11
A1G/M45
A1G
EA1G/23
WA2G/4
WA2G/8
WA2G/22
WA2G/38
WA2G/10
EA2GI10
EA2GI7
EA2G/23
EA2G/33
EA2G/38
J1GH0
J16Gi21
J1Gi31
J1Gi36
WJ1GH1
WJ1G/21
WJ1G/43
WJ2G2
WJ2GH4
A1G/15
CLG4
CLG5
CF00021
CLFP28/06
CF01144

P

Fig. 1. Dendrogram of PFGE-Smal digestion patterns showing the genetic relationship amongst the 61 L. garvieae isolates.
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Fig. 2. Dendrogram of ERIC-PCR patterns showing the genetic relatedness between the 61 L. garvieae isolates.

techniques to exploiting its resistance to tetrazolium chloride (TTC)
(Algoet et al., 2009; Chang et al., 2014; Eraclio et al., 2018; Vardanian,
Kurzbaum, Farber, Butnariu, & Armon, 2018). Several authors have
reported that capsule is compulsory for L. garvieae virulence (Barnes
et al., 2002; Miyauchi et al., 2012; Morita et al., 2011), and reports
describing highly pathogenic capsulated isolates have been published
(Kang et al., 2004; Kawanishi et al., 2006; Miyauchi et al., 2012).
However, several reports described the identification of virulent
L. garvieae strains isolated from diseased fish not presenting capsule,
which may be due to its lost after repeated subculturing under labora-
tory conditions (Meyburgh, Bragg, & Boucher, 2018; Shahi, Mallik,
Sahoo, Chandra, & Singh, 2018; Ture & Altinok, 2016).

It is well known the influence of water temperature increases up to

10

15-16 °C in the emergence of acute lactococcosis outbreaks (Algoet
et al., 2009; Meyburgh et al., 2017; Vendrell et al., 2006). However, our
53 L. garvieae isolates were obtained from healthy cultured rainbow
trout and rearing environment over a 1-year period from a fish farm with
water temperatures ranging from 14 to 16 °C. According to our results
and previous findings, referring to the characterisation of L. garvieae
strains isolated from both lactococcosis outbreaks and healthy trouts
and their environment, rather than the presence of capsule or other
virulence factors or the temperature of the water, the onset of this dis-
ease in farmed fish depends on the combination of these factors in a
certain way, proving that further studies on pathogenic mechanisms of
L. garvieae are required to unravel the nature of its virulence.
Microdilution tests revealed that all the 53 L. garvieae isolates were
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susceptible to chloramphenicol, vancomycin, tetracycline, ampicillin
and erythromycin, but resistant to streptomycin and clindamycin.
However, isolates differed in their susceptibility to kanamycin and
gentamicin, with 35.8 and 22.6% of resistant strains, respectively
(Table 4). Regarding the 8 L. garvieae strains obtained from culture
collections, all of them were resistant to streptomycin and clindamycin,
and the strains CLG4 and CLGS5 also showed resistance to kanamycin.
Clindamycin resistance has been considered as an inherent character-
istic of L. garvieae, being used as a discriminating criterion with L. lactis
(Elliott & Facklam, 1996); however, the presence of genes conferring
resistance to lincosamides in L. lactis has been proven (Walther, Rossano,
Thomann, & Perreten, 2008). Barring that, previous results concerning
antimicrobial resistance profiles of L. garvieae to other antibiotics show a
great heterogeneity, probably due to different antibiotic usages at farm
level (Gibello et al., 2016; Ture, Altinok, & Alp, 2018). Susceptibility of
L. garvieae to erythromycin, for instance, is generally accepted (Eraclio
et al., 2018; Moumene et al., 2016; Plumed-Ferrer et al., 2015), but
several research expose the opposite (Kawanishi et al., 2005; Maki,
Hirono, Kondo, & Aoki, 2008). According to our results, the 61
L. garvieae tested isolates showed resistance to streptomycin, which
suggests that resistance to this antibiotic may be considered as intrinsic
for this species. Interestingly, none of the 61 L. garvieae isolates may be
considered as multidrug-resistant (MDR), defined as the display of ac-
quired non-susceptibility to at least one agent in at least three antimi-
crobial categories (Magiorakos et al., 2012), since all the identified
non-intrinsic resistances are against antibiotics belonging to a single
category, namely aminoglycosides (i.e. kanamycin, streptomycin and
gentamicin). Nevertheless, this finding should not be overlooked, since
the treatment of choice for L. garvieae infections in humans is, in many
cases, a combination of antibiotics including aminoglycosides, espe-
cially gentamicin (Heras-Canas et al., 2015; Malek et al., 2019; Rosch
et al.,, 2019). None of the L. garvieae isolates analysed in this work
showing acquired antibiotic resistance harbours any of the respective
transferable genetic determinants. Similar studies on L. garvieae are
scarce, being remarkable those of Walther et al. (2008) and de Castilho,
Nero, and Todorov (2019) reporting that aph(3')-Illa and aac(6')-Ie-aph
(2")-Ia were not detected in any of the tested L. garvieae strains isolated
from bovine milk and artisanal Brazilian sausage, respectively. Inter-
estingly, in a previous study by our group, the presence of aph(3')-Illa,
lin(A), lin(B) and aad(E) was not detected in a population of 75 L. lactis
strains isolated from the same rainbow-trout farm (Aratjo,
Munoz-Atienza, Ramirez, et al., 2015). At first glance, these results
suggest the absence of the tested transferable genetic determinants in
the source of origin. However, it is also possible that they reflect (i) point

Table 4

MICs distribution of 9 antibiotics for the 53 L. garvieae isolates.
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mutations preventing PCR amplification, and/or (ii) presence of
non-investigated or unknown resistance genes. Anyhow, the nature of
the phenotypic antimicrobial resistances found in the L. garvieae isolates
remains unrevealed, and further studies would be necessary to make
clear their origin.

4. Conclusions

Lactococcosis occurrence has a multifactorial causality and its
absence in a fish farm should not lead to think that the production is free
of potentially virulent and zoonotic L. garvieae. In fact, this lactococci
population has demonstrated a great adaptation and persistence, as
evidenced by the outstanding clonality observed by PFGE and ERIC-PCR
throughout the life cycle of the fish in the farm of origin, over a one-year
period. This work suggests, for the first time, that streptomycin resis-
tance could be an intrinsic characteristic of the species L. garvieae.
Moreover, some of the isolates showed acquired resistance to other
aminoglycosides (i.e., kanamycin and gentamicin), which should lead to
re-evaluate the treatments of choice in human patients, bearing in mind
the foodborne zoonotic potential of this species. Further in vitro and in
vivo studies are required to fully understand and characterise the path-
ogenicity regulation pathways of L. garvieae and the pathogen-host
interaction to gain insight into new approaches to prevent and control
the presence of L. garvieae in fish farming, leading to safer aquaculture
production for the consumer.
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