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The antimicrobial resistance of 160 strains of Enterococcus faecalis and 173 strains of E. faecium to 12
antimicrobial agents was investigated. The test strains were isolated from 126 wild seawater and farmed
fish, including olive flounder (Paralichthys olivaceus), black rock fish (Sebastes schlegeli), red sea bream
(Pagrus major), and sea bass (Lateolabrax japonicus), in 2005 and 2006. Overall, 91.9% of the E. faecalis
isolates and 88.4% of the E. faecium isolates showed antimicrobial resistance to at least one antimicrobial
agent. The pattern of antimicrobial resistance of the isolates differed little according to the species of fish.
The percentage of E. faecalis and E. faecium with specific antimicrobial resistance differed according to
the sample source. For the isolates from farmed fish samples, 66.7% of E. faecalis were tetracycline resistant
and 54.5% of E. faecium were erythromycin resistant. By contrast, in the wild fish seawater samples, 92.0%
of E. faecalis were rifampin resistant and 88.5% of E. faecium were tetracycline resistant.
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Table 1. Number of isolated Enterococcus species from fish and seawater

No. of isolated strain (%)

Samples No. of samples -
E. faecalis E. faecium E. durans E. gallinarum E. avium
Fish
Oliver flounder 30 4 (13.3) 2 (6.8) 0 (0.0) 0 (0.0) 1(3.3)
Black rock fish 18 5 (27.7) 2 (11.1) 1(5.5) 0 (0.0) 0 (0.0)
Sea bass 12 5 (41.8) 3 (25) 0 (0.0} 1 (8.3) 0 (0.0}
Red sea bream 6 0 (0.0) 1 (16.6) 0 (0.0) 0 (0.0) 0 (0.0)
Seawater 60 1 (1.8) 3 (5.0) 0 (0.0) 3 (5.0) 2 (3.3)
Total 126 15 (44.1) 11 (32.4) 1(5.9) 4 (11.8) 3 (8.8)
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Table 2. Antimicrobial resistance of Enferococcus species isolated from fish

Antimicrobial agents Drug amount

Diffusion zone breakpoint

No. of resistance isolates (%)

(ug)/disk (mm) E. fascalis (n=135)  E. faecium (n=121)
Ampicillin 10 <16 2 (1.5) 8 (6.6)
Amoxicillin/clavulanic acid 30 =13 1 (0.7) 3 (2.5)
Chloramphenicol 5 <12 64 (47.4) 24 (19.8)
Ciprofloxacin 5 <15 14 (10.4) 39 (32.2)
Erythromycin 2 =13 3(2.2) 66 (54.5)
Gentamycin 120 <6 2 (2.2) 1 (0.8)
Linezolid 30 <20 14 (10.4) 9 (74)
Quinupristin/dalfopristin 5 <15 87 (64.4) 28 (23.1)
Rifampin 5 <17 63 (46.7) 62 (51.2)
Streptomyain 300 <6 9 (6.7) 2(1.7)
Tetracycline 5 =14 90 (66.7) 62 (51.2)
Vancomycin 30 <14 0 (0.0) 0 (0.0)

Table 3. Antimicrobial resistance of Enterococcus species isolated from seawater

Antimicrobial agents Drug amount

Diffusion zone breakpoint

No. of resistance isolates (%)

(ug)/disk (mm) E. faecalis (n=25) E. faecium (n=52)

Ampicillin 10 <16 0 (0.0) 17 (32.7)
Amoxicillin/clavulanic acid 30 <13 0 (0.0) 4 (7.7)

Chloramphenicol 5 <12 8 (32.0) 26 (50.0)
Ciprofloxacin 5 <15 4 (16.0) 21 (40.4)
Erythromycin 2 <13 6 (24.0) 38 (73.1)
Gentamycin 120 <6 5 (20.0) 6 (11.5)
Linezolid 30 <20 3 (12.0 8 (154)
Quinupristin/dalfopristin 5 <15 14 (56.0) 28 (53.8)
Rifampin 5 <17 23 (92.0) 29 (55.8)
Streptomyain 300 =6 0 (0.0) 12 (23.1)
Tetracycline 5 <14 20 (80.0) 46 (88.5)
Vancomycin 30 <14 0 (0.0) 0 (0.0)
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