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Background The accurate and rapid identification of enterococci can provide clinician's
decision making of antimicrobial therapy because enterococci are usually multiresistant to
commonly used antimicrobial agents and antimicrobial resistance patterns are different according
to enterococcal species. Accuracy of identification system depends mainly on data base such as
positive rate of biochemical reactions, relative frequency of occurrence of biotype, and isolation
frequency of microorganisms. The purpose of this study was to analyze the isolation rate and
biotype frequency of enterococci isolated from clinical specimens.

Methods We used a simplified identification system for the identification of the enterococci
from clinical specimensduring the period of June 1998 to November 1998. Biochemical phenotypes
of 500 isolates of enterococci were also analyzed by a simplified identification system consisting of
eight conventional biochemical tests.

Results Enterococci wereisolated from urine (36.4%), wound (35.0%) and blood (7.2%) in order
of decreasing frequency. Among the isolates, 67.8% were E. faecalis, 23.0% E. faecium, 2.2% E.
hirae/durans, 2.0% E. casseliflavus, and 1.0% E. hirae. The simplified identification system of
enterococci identified 93.6% of all isolates to species level. The system identified 98.5% of E.
faecalis but only 89.6% of E. faecium.

Conclusions Our simplified identification system based on eight biochemical tests offer a
simple, reliable and economic method for the identification of clinical isolates of enterococci, but
further studiesare needed for theimprovement of accuracy and identification rate.

(Korean J Clin Microbiol 1999;2:58~63)
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Table 1. Isolation frequency of the enterococci

i No. of isolates accroding to specimens No.(%)
Species of
BI BL CA CF CX DR PE PL PS UR WD OT total
E. faecalis 7 20 19 1 7 10 3 7 13 119 128 5 339(67.8)
E. faecium 7 13 2 0 0 4 2 3 0 5 29 O 115(23.0)
E. hirae/durans 0 0 0 0 1 0 0 0 0 3 7 0 11(2.2)
E. casseliflavus 3 2 1 0 0 0 0 0 0 0 4 0 10(2.0)
E. hirae 0 1 0 0 2 0 0 0 0 0 2 0 5(1.0)
E. avium 0 0 0 0 0 0 0 0 1 0 1 0 2(0.4)
E. gallinarum 1 0 0 0 0 0 0 0 0 0 1 0 2(0.4)
E. raffinosus 0 0 0 0 0 1 0 0 0 1 0 O 2(0.4)
Enterococcus sp. 0 0 0 0 5 0 1 0 1 4 3 0 14(2.8)
Total No. 18 36 22 1 15 15 6 10 15 182 175 5 500(100.0)
% 36 72 44 02 30 30 12 20 30 364 350 10

Abbriviations: B, bile; BL, blood; CA, catheter; CF, cerebrospina fluid; CX, cervix; DR, drain; PE, peritoned fluid; PL, pleura
fluid; PS, pus; UR, urine; WD, wound; OT, other specimens.
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. Tetracycline  ciprofloxacin

B -lactamase
gentamicin
[21], B -lactamase cefinase
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Table 2. Biochemical reactions of enterococci

) Biochemical reactions No.(%)
Species ID code of
HHB  N-E TEL ADH ARA RAF MAG PIG phenotype

E. faecalis - + + + - - - - 610 267(78.7)
+ + + + - - - - 710 65(19.2)

+ + - + + - - - 330 1(0.3)

+ + + + - + - - 750 1(0.3)

K 5(1.5)
E. faecium - + - + - - - 230 51(44.4)
- + - + + - - 270 52(45.2)
K 12(10.4)
E. hirae/durans - + - + - - - - 210 11(100)
E. casseliflavus - + - + + + + + 273 7(70.0)
- + - - + + + + 263 1(10.0)
- + + - + + + + 663 1(10.0)
- + - - - + + + 243 1(10.0)
E. hirae - + - + - + - - 250 5(100)
E. avium - + - - - + - 221 2(100)
E. raffinosus - + - - + - 261 2(100)
E. gallinarum - + - + + + + - 271 1(50.0)
K 1(50.0)
Enterococcus sp. K 14(100)

Abbreviations: ID, identification; HHB, hemolysis on 5% human blood agar plate; N-E, NaCl-esculin hydrolysis test; TEL, 0.04%
tellurite tolerance test; ADH, arginine dihydrolase; ARA, arabinose; RAF, raffinose; MAC, methyl-a -D-glucopyranoside; PIG,
-, hegative reaction or non-B hemolysis; K, identification by commercial kit

pigment; +, positive reaction or B hemolysis,

system.



2.0%, 1.2% 0.2% (Table 1).
Enterococcus faecalis, Enterococcus faecium,
Enterococcus hirae/ durans, Enterococcus casseliflavus
67.8%, 23.0%, 2.2%,
Enterococcus avium, Enterococcus

Enterococcus hirae
2.0% 1.0%

raffinosus Enterococcus gallinarum 2
14 (2.8%) .

E. faecalis, E. faecium, E.
cassdiflavus E. hirae 55.6%6(20/36),
36.1%(13/36), 5.6%(2/36) 2.8%(1/36) (Table 1). E.
faecalis ,

37.8%, 35.1% 5.9% , E. faecium

, 47.8%, 25.2%
11.3%

(Table 1).
8
93.6%(468/500) E. faecalis
98.5%(334/339) E. faecium 89.6%
(103/115) .
468
334 E. faecalis 1
tellurite 1
arabinose , 67 (21%)
. 103 E. faecium raffinose
50.1% . E. cassdiflavus  tellurite
, ADH arabinose 10%,
70% 90% (Table 2).
E. faecalis E. faecium ampicillin

1.2% 77.9%,

Table 3. Antimicrobial resistance rate of enterococci

vancomycin  0.3% 11.5%,

1990
(4.
NaCl-esculin 4
Lactococcus, Vagococcus, Leuconostoc, Pediococcus,
Tetragenococcus, Aerococcus, Helcococcus, Streptococcus
bovis
14
(Table 1)
0.04%
tellurite E. faecalis
E. faecalis 7-10%
[14,22], E. cassdiflavus, E. faecium, E.
gallinarum E. mundtii [22,23]

No.(%) of resistantstrains

Antiblotics EFA EFM EHD ECA EHI ERA EGA EAV ENT Total
(n=339) (n=113) (n=11) (n=10) (n=5) (n=2) (n=2) (n=1) (n=7) (n=490)
AMP 412) 88(77.9) 5(455) 0(0.0)  2(40.0) 1(50.0) 0(0.0) 0(0.0) 2(286) 102(20.8)
VAN 1(0.3) 13(11.5) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(14.3) 15(3.1)
CIP 41(31.1)  43(79.6) 2(50.0) NT NT 1(100) NT NT 3(75.0)  90(46.2)
TET 109(82.6) 29(53.7) 2(50.0) NT NT 1(100) NT NT 4(100)  145(74.4)
HLG 190(56.0) 92(81.4) 7(63.6) 2(20.0) 2(40.0) 2(100)  0(0.0) 1(100)  3(42.9) 299(61.0)
BLA 1(5.0) 0(0.0)* NT 0(0.0)* NT NT NT NT NT 1(2.9)

*Twelve E. faecium and two E. casseliflavus were tested for  -lactamase test.

Abbreviations: EFA, E. faecalis; EFM, E. faecium; EHD, E. hirae/durans, ECA, E. cassdliflavus, EHI, E. hirae; ERA, E.
raffinosus, EGA, E. gallinarum; EAV, E. avium; ENT, Enterococcus species; AMP, ampicillin; VAN, vancomycin; CIP,
ciprofloxacin; TET, tetracycline; HLG, high level gentamicin; BLA, B -lactamase; NT, not tested.

ciprofloxacin 31.1%  79.6%, gentamicin 56.0%
81.4% tetracycline  82.6%  53.7%

E. faecalis 1 B -lactamase
(Teble 3).

tellurite

Enterococcus malodoratus, Enterococcus
pseudoavium, Enterococcus mundtii, Enterococcus dispar
Enterococcus sulfureus . E



faecalis E. faecium 67.8%  23.0%

[23] [13] E. faecalis
5-9% E. faecium 4-11% , E.
casseliflavus, E. hirae/durans, E. hirae E. raffinosus

2.0%, 2.2%, 1.0% 0.4%
[9,13,23] E.
cassdliflavus, E. hirae/durans
Enterococcus durans, Enterococcus

raffinosus E.
E. hirae

cecorum,  Enterococcus  columbae Enterococcus
saccharolyticus E. cassdliflavus E.
flavescens

Vagococcus fluvialis
database

Lactococcus garveiae

mannitol, sucrose, sorbitol ribose
1.0 [23] 18
[13] 11 , 1990
[9] 07 , 7.2%
[13] 11.3% [23]
4% [99 0.1%

aminoglycoside, vancomycin, ampicillin

. 1984-1992
ampicillin
1984-1987 97% [24], 1988-
1992 80% [25], E. faecalis
E. faecium ampicillin 1992 0% 79%
[26] 1995-1997 0% 91%
[4]. B -lactam
PBP (Penicillin binding protein)
B -lactamase
[4]. B -lactamase
1983 Murray
Mederski- Samorg[27] B -lactamase E.
faecalis
B
-lactamase E. faecalis
[4]. E. faecium
ampicillin 78% [4 1997
93% E. faecalis ampicillin
1.2% 1 E
faecalis B -lactamase . vancomycin
(VRE ) 1992
[4]. VRE
3.1% [28] 2.3%

[29]  4.6%

VRE E. faecium  86.7%(13/15) [28]
9 VRE E. cassdiflavus 5
vancomycin E. faecium , [29]
VRE E. faecium, E. gallinarum, E.
casseliflavus 33.3%, 19.4% 0.8%
VRE
1998 6 11
8
500
(36.4%),
(35.0%) (7.2%)
E. faecalis, E. faecium, E. hirag/durans, E. cassdliflavus E.
hirae 67.8%, 23.0%, 22%, 2.0%, 1.0%
93.6%
. E. faecalis 98.5%
E. faecium  89.6%
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