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Abstract
The minimum inhibitory concentrations (MICs) of erythromycin against 31 strains of Lactococcus
garvieae isolated from diseased rainbow trout were determined. All isolates were sensitive to the
antimicrobial agent with MIC values between 0.06 and 0.125 μg ml-1. This study suggests that
erythromycin could be used as an effective treatment to control lactococcosis outbreaks in rainbow
trout, although more information on toxicity and efficacy are still needed.

*Corresponding author’s E-mail: balcazar@iim.csic.es

Lactococcus garvieae is the etiological agent of
lactococcosis, a disease that affects many
species of fish and causes important economic
losses in both marine and freshwater
aquaculture with water temperatures above
16°C. Lactococcus garvieae has been particularly
devastating in the freshwater culture of
rainbow trout. Outbreaks have been reported
in several countries such as Spain, Italy,
France, Turkey, Japan, Australia or South
Africa, causing losses of 50-80% of the total
production (Vendrell et al., 2006).

To date, control of this disease has focused
on the use of chemotherapeutic agents, such
as erythromycin (Munday, 1994).
Erythromycin is an antibiotic belonging to the

macrolides group and inhibits protein
synthesis in bacterial cells by binding to the
50S subunit of bacterial ribosomes. Action
generally is bacteriostatic but can be
bactericidal depending on the antibiotic
concentration, microorganism susceptibility,
inoculum quantity or the bacterial growth rate
(Goodman-Gilman et al., 1985).

In Japan, erythromycin has been used with
success to treat Lactococcosis in yellowtail
(Seriola quinqueradiata), where this drug has
been approved for use in aquaculture (Sano,
1998). Furthermore, this drug is being used
efficaciously against other Gram-positive
systemic bacterial infections in salmonids
such as bacterial kidney disease (BKD),
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caused by Renibacterium salmoninarum in
North America (Fairgrieve et al., 2005).

In the European Union, the Council
Regulation EEC no. 2377/1990 has established
a maximum residue limit (MRL) of 200 μg kg-1

erythromycin in fish tissues (muscle and skin
in natural proportions). However, this drug
can only be administered off-label, as it is not
yet registered for its use in aquaculture in
most European countries.

Studies that provide data useful for the
registration of drugs in veterinary medicine
may help reduce the human health risk and
avoid economic losses due to infection.

The present study, therefore, was performed
to determine the antimicrobial susceptibility
of L. garvieae isolates to erythromycin.

A total of 31 strains of L. garvieae isolated from
natural outbreaks of lactococcosis in rainbow
trout from different geographical areas in
Spain were collected. The isolates were
obtained from the liver (24 cases) and kidney
(7 cases) by direct inoculation on blood agar
(bioMérieux, Marcy-l’Etoile, France) for 24 h
at 22°C. All isolates were identified as L.
garvieae on the basis of Gram staining; growth
on bile esculin azide agar (Difco Laboratories,
USA); α-haemolysis on blood agar plates
(bioMérieux); classical biochemical tests
(catalase, oxidase, citrate, urea, H2S
production); and by a PCR assay based on
specific primers (pLG-1: 5’-
CATAACAATGAGAATCGC-3’ and pLG-2:
5’-GCACCCTCGCGGGTTG-3’) deduced
from the 16S rRNA gene (Zlotkin et al., 1998).
Lactococcus garvieae ATCC 49156 and
Staphylococcus aureus ATCC 25923 (American

Type Culture Collection, Manassas, VA, USA)
were used as quality control strains.
Lyophilized stock cultures were reconstituted
with 1.0 ml of saline solution (0.9 % NaCl)
prior to analysis.

Erythromycin thiocyanate (potency 740 μg mg-1

of compound), provided by LABORATORIOS
HIPRA S.A. (Amer, Girona, Spain), was used
to determine the MICs of erythromycin
against the bacterial isolates. To prepare an
initial solution at a concentration of 1.0 mg
ml-1, by means of the formula, 25 mg of the
original compound were used:

mg of active product = mg of original product
× potency

The initial dilution was prepared with a small
volume of ethanol and was then adjusted to a
final volume of 18.5 ml with distilled water.
Subsequently, this suspension was diluted at
a concentration of 128 μg ml-1 in Mueller-
Hinton broth (Scharlau, Barcelona Spain).
MICs were determined by a standard twofold
broth microdilution method using Muller-
Hinton broth, with a final volume of 100 μl
and a final bacterial concentration of 1 × 106

CFU ml-1. Test plates were read after 24 h of
incubation on tryptic soy agar (Sharlau) at
22°C. The MIC was recorded as the lowest
antibiotic concentration demonstrating no
visible growth in the media. All analyses were
carried out in triplicate.

All 31 isolates showed Gram-positive ovoid
cells forming pairs and short chains, were
non-motile, catalase and oxidase negative.
They exhibited α-haemolysis on blood agar,
growth at 4-45°C in media containing 6.5 %
sodium chloride (NaCl), at pH 9.6, with 40%
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*MIC50: 0.125 μg ml-1 and MIC90: 0.125 μg ml-1 refer to the concentration at which 50% and 90% of the isolates were found
susceptible.
Table 1. MICs of erythromycin against L. garvieae strains isolated from cultured rainbow trout.

Reference strain Isolation date Organ Geographical origin MIC mg ml‐1*

3682 2000 Kidney Guadalajara 0.125

3712 2000 Liver La Coruña 0.125

3713 2000 Liver La Coruña 0.125

3714 2000 Liver La Coruña 0.125

3715 2000 Liver La Coruña 0.125

3756 2000 Liver Guadalajara 0.125

4440 2002 Kidney La Coruña 0.06

4441 2002 Kidney La Coruña 0.125

4445 2002 Kidney La Coruña 0.06

4573 2002 Liver Lérida 0.125

4574 2002 Liver Lérida 0.125

4662 2002 Liver Lérida 0.125

4679 2002 Liver Lérida 0.125

4680 2002 Liver Lérida 0.06

4681 2002 Kidney Segovia 0.06

4682 2002 Kidney Segovia 0.125

4683 2002 Liver La Coruña 0.125

4684 2002 Liver La Coruña 0.125

4685 2002 Liver León 0.125

4686 2002 Liver Albacete 0.125

3230 2002 Liver Albacete 0.125

3231 2002 Liver Albacete 0.125

3232 2002 Liver Albacete 0.125

4687 2002 Kidney Lugo 0.125

4691 2002 Liver Lérida 0.125

5860 2002 Liver Lérida 0.125

3039 2002 Liver Lérida 0.125

2020 2002 Liver Lérida 0.125

4692 2002 Liver Zaragoza 0.125

4693 2002 Liver Zaragoza 0.125

4694 2002 Liver Zaragoza 0.125

ATCC 25923  (S. aureus) 0.125

ATCC 49156  (L. garvieae) 0.06
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bile; and gave an 1100-bp PCR amplification
product, which is specific for L. garvieae.

The distributions of MIC values of
erythromycin for L. garvieae isolates used in
this study are presented in Table 1. In 27 of 31
isolates, erythromycin MICs generally fell
within the limit of 0.125 μg ml-1. Only four
isolates were found to require lower doses
(0.06 μg ml-1) to be inhibited. In terms of
bactericidal activity, however, erythromycin
killed 50% and 90% of the strains at a
concentration of 0.125 μg ml-1.

The results are in accordance with previous
studies, reporting erythromycin sensitivity in
several strains of L. garvieae isolated from
diseased rainbow trout in Turkey and Taiwan
(Diler et al., 2002; Chang et al., 2002).

A recent study, however, has shown that 44%
of 170 strains isolated from cultured Seriola
(yellowtail, amberjack and kingfish) in Japan
were simultaneously resistant to erythro-
mycin, lincomycin, and oxytetracycline
(Kawanishi et al., 2005).

The results show that erythromycin could be
a suitable antibiotic treatment to control
lactococcosis outbreaks in cultured rainbow
trout but further in vivo trials are necessary.
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