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Antimicrobial Susceptibility of Beta-Lactam Antibiotics on Enterococcus
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BACKGROUND : Enterococci exhibit intrinsic resistance or high-level minimum inhibitory
concentration (MIC) to B-lactams than other streptococci. This appears to be due to low affinity of
penicillin-binding proteins and rarely production of B-lactamase, which gives the reason of testing -
lactamase for blood and cerebrospinal fluid isolates. Ampicillin is more effective than penicillin in
vitro, and MIC of ampicillin is generally 1 dilution lower than that of penicillin. The purpose of this
study is to detect B-lactamase producing enterococci and to compare MICs of ampicillin and
penicillin by Vitek system (bioMerieux, Hazelwood, MO, USA) with those by agar dilution method.

METHODS : We collected 110 isolates of Enterococcus faecalis and 51 isolates of E. faecium
from clinical specimens in 1998. MICs of antibiotics were determined by agar dilution method and
Vitek system. We also performed B-lactamase test by the Cefinase (Becton Dickinson, USA) for 512
isolates of E. faecalis and 189 isolates of E. faecium collected in 1998.

RESULTS : The most common sites of isolates were blood, bile, surgical/traumatic wounds,
closed and open pus and urine. MICs of ampicillin were 1 to 2 dilution lower than those of penicillin
for E. faecalis (P=0.03). But there were no significant differences in MICs for E. faecium (P=0.19).
Five isolates (4 E. faecalis and 1 E. faecium) were susceptible to ampicillin but resistant to penicillin.
There were no B-lactamase producing enterococci among 701 isolates tested.

CONCLUSIONS : MIC by Vitek system tends to be 1 to 2 dilution lower than MIC by agar dilution
method to B-lactams, and MIC of ampicillin is 1 to 2 dilution lower than MIC of penicillin, which
could result in discrepancy in interpretation of susceptibilty tests. A B-lactamase test for enterococci
is not recommeneded for routine test in Korea. (Korean J Clin Microbiol 1999;2:194-198)
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penicillin®] 1} ampicillinell W& W4d #F& A& &
9lo} B-lactamase gl & WA e B¥3 A
2% F 8o

NCCLSeIM & 73 44 At Bt=A]l HAA
3lm Baafol & FFAZ penicillinEE ampicilling
AAetH on, B-lactamaseE WA A Fe FFTl
28 penicillinol] h¥t 7342 ampicillin, amoxicillin,
B-lactamase inhibitor7} A FE B-lactamA FA| Tz
AFALE &8 4 dvkz AT 22y penicillin
3} ampicillin® #4548 BAF & 98 NCCLsH
breakpointe T3ty Ao FFHe
ampicillin®] MICE penicillin2.t} 1 3| MujF F= @&
Aoz A 90 (7,8) =EA ampicillin®}
penicillin, % <kAle] 44 Azst &g F71 o
F8 o HAFAqAN EelE FF dad e
B-lactamase A A7 BAE 2 U

E A7 e 2 B HAM A AMgde B
FT£ Vitek (bioMerieux, Hazelwood, MO, USA) 71=&
ol &3lad Eedx ReEl®] Enterococcus faecalis®} E.
faecium TFE| F penicillin®} ampicillin®] MICE
v, o] & ThA] RPN Y o2 HAlet v w3t
At £33 Z W E B-lactamaseS P TF7F U
=4 Cefinase (Becton Dickinson, USA) Bl A3 & A48}
o AL

M

1. A 25 9 SFH 25N AM

N3 #FE 19983 24 o€ 82 g4 AA
A EeEdtd B Fold ATE F E faecalis 110 T
F9} E. faecium 51 FF o|UTh. o] FF 50| £eld
dd AAEL ¥H(21%). F5(18%), HH £
AR &4 2A(14%), NBAY =& HHA48 =&
(14%), 2W(12%) AA 718t AA(HAAFAE ¥
& AY, B FYY T, 21%) Tl Ul #F
E2 AE3 A2 Viekd gram positive identification
(GPI) 7}= % API 20 STREP 7] E (bioMerieux,
Hazelwood, MO, USA)E Al &3l BA=ged, &
Al 244 PAAE GPS-IZ F1=E AFE3l penicillin,
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ampicillin, ciprofloxacin, tetracycline, vancomycin,
teicoplanin, gentamicin (500 pg/mL), streptomycin (2,000
pug/mL)dl thale] FHAL3IEEh. o] F oA penicillin?}
ampicillind] thatde FHIMYE o] &3t MICE
275 viek 27t Bt FARHNEL of
£ MIC 7% -& NCCLSo| Al A% 2 (9)o] F3he
Agedct. hE FF2E E. faecalis ATCC 292128
o] &3t th. Eg NCCLS 71&(10)9] wat #F9 3
A 28 2R%E s

2. B-lactamase ZA}

W FFE 1998d9 EHNAY #FE FE
faecalis 512 T3} E. faecium 189 #FF ©lAt}t. p-
lactamase A= Cefinase (Becton Dickinson, USA) U] 2
AE AHEsgT. AR AFAE APItPen,
TFE ta3d FFHL ST Foll B3 =& 4
oA w7t Moz W3l FPo 2 BHIIYT.

3. SHEH 24

E. faecium3} E. faecalis 2t #FE° g MIC#S]
H) W& Wilcoxon rank sum test® %4 A . =
& 4 FFE FHIAPHA Vieek FHE o] &7
penicillin® ampicillin®] MIC 9] ¥ 3E Wilcoxon
signed rank testg o] 3% o}

2 o

1. B-lactamA| A2l MIC

Vitek 8] & ©| &3} penicillin® ampicillin® MICs,
MICs 2 MIC range® 73+ Ho| @My dA3ts}
¥ 3} tH(Table 1). E. faecalis 5] h& MICE
penicillin® ampicillin 25 thalA FASPeo=2
23 & gto] Vitek ZH 2 3§ MICFET} 1-2 3 A
ol 4 ¥ e (P=0.03), %% penicillin MIC7}
ampicillin MICR T} 9 A 1-2 vt 3k
(P=0.03). 18} E. faecium T3] g MICIAA &
T u kel #od 2ozt i em (P=0.19) F &
A7t MICANE FHE 2ozt dATHP=0.19). £
T 74A 9y 259 A penicillind]l W4d o] ampicillin

Tal . Comparison of MIC between Vitek system and agar dilution method

Species and Drugs - . - Vitek _ Agar Dilution
MICs MIC - W& MIC range MICso - i .MICs .  MICrange
E. faecalis (n=110)
Penicillin 4 16 0.5-16 8 16 4-32
Ampicillin 1 2 0.12-16 2 8 1-32
E. faecium (n=51)
Penicillin 16 16 0.12-16 32 32 1-32
Ampicillin 16 16 0.12-16 16 32 0.5-32
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d 244 A$7) E. faecium 1 59} E. faecalis 4 T
F7F AR

2. B-lactamase A AF

% 701 A FF 25 B-lactamase JA TFE #F
=2 @it

3. JIEt E=H0l st Z+d

Ciprofloxacin, tetracycline, vancomycin, teicoplanin,
streptomycin (2,000 ug/mL)¥} gentamicin (500 pg/mL)
2] MICs, MICx @ MIC rangeS H] 23+ TH(Table 2).
Z 161 #FF AN vancomycin WA TF= E. faecalis 3
T F(vancomycin =32 pg/mL, teicoplanin <4 pg/mL), E.
faecium 4 T F (2 T F, vancomycin =32 pg/mL,
teicoplanin <4 pg/mL ; 2 T F, vancomycin >32 pg/mL,
teicoplanin >32 pg/mL)7} £ HA}. o|& #E°] £
gE HAAE 47 44, 2F, A48 v %
catheterized &% A Ko™ PCR{111Z2 WA FHAA
vanA £ vanBE <133 o).

]

I

AZTY AR A2 EFASHEA AUdoz
G HEAS e AT 82 AY, €% R

&uo|, 0|BE, ol

4 Ad, BR U e F83% 9 #oE ¥
d dJAoE Yizr) Fteta vk, BT dAAA E
3 AlgEEe ¥dA = B-lactams, clindamycin®} low-
level aminoglycosides 59 T W< Az e
AxRA o 5 Aol F713tn o 84 HA
= 1 loHi12). dekAl WA ATy AolsA T
Zde ANARCZ Z7} FA9 Itk 19954 of A
19973 9¥ 1Y 7R the Surveillance Network (TSN)
Database-USA2| 8 ZAlo] ol &H E. faecalis9} E.
faecium TF 2] ampicillin® vancomycin®l] T 3+ 4 o]
Az F7kste FAotH13). 98 FA-dxF A+
o ¥y AZE AF A o3td AT 99 AR
A A4 FFaEde F4A A4 FFT
I A¢E A5 #ul FUMede Ravt do(4). o
A WA FFTol FIHEFE ol AL A
F7tg Zolg.

FFaE e AT v dwtF o B-
lactamA] ¥FAA AAUWAH Ev nF5=e MICE E
ol WA 7IAE ¥e& F3H 9 penicillin-binding
proteins (PBPs) &4 E+ B-lactamase B4 W E<Q Ao
2 484 Av15). 1983'd Murray 5 ©] B-lactamase &
B & E. faecalis I TFE AL R 3ded
(16) 19883 Wells 52| Ko} 2]3l'H Veterans Affairs
HAdME FT7F 80 FF Fo B-lactamaseS YA 3}

Tahle 2. Antibiogram using Vitek system for 1100 F. faecadis and 51 £ faeciim isolates
_ e _ ; MIC (pg/mL)
Species & drugs S (%) T{%) R (%) : =
MILE ML Range
Penicillin 88 12 16
Ampicillin 90 - 10 2
Ciprofloxacin 65 19 16 4
Vancomycin 97 0 3 0.5 2
E faecium Teicoplanin 100 0 4 4
(=110) Tetracyclin 30 0 70 16 16
Strept i
reptomycin 68 3
(2000 pg/mL)
Gentamici
entamicin 45 55
(500 pg/mL) i
Penicillin 29 71 16 16 0.12-16
Ampicillin 35 - 65 16 16 0.12-16
Ciprofloxacin 12 10 78 4 4 0.5-4
Vancomycin 92 0 8 0.5 2 0.5-32
E.faecium Teicoplanin 96 0 4 4 4-32
(n=51) Tetracyclin 60 0 40 16 1-16
Strept i
reptomycin 54 46
(2000 pg/mL)
Gentamici
entamicin 54 46
(500 pg/mlL)

Abbreviations: S, susceptible; I, intermediate; R, resistant
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£ E. faecalis 10 F3(12.5%)7} £ = A (17). °]
BEAE ATTY A 542 AHold F Y1 AxH
o A¥E o] 9o nitrocefinS 71 3T 4 glen
penicilling B843} Ald = JUH18). 22y o]
HAE YAsle TFE inoculum effectE H.o]7] W&
of dwtxoz AlgEH e HF FZINAE penicillin®l
8 AA=E} 10 CFUMLE HJ3A & dAHA g&
th. NCCLS[9191 A& A8 & 79| B-lactamase
A A FA A= nitrocefin based testsE 3= F FASIL
ot ZUME o] F(19)0] 490 FF& 22 A Y
3t A B-lactamase FHAMA BHolA £ E E.
faecalis & TF7} ¥y, ¥ AT 8-
lactamase A4 TF+ AFH AdT. @k Yoyt
HA4d S EId FFEAZGEE A= 8-
lactamase FALE WIEA] AP dae vt A4E
o}

NCCLS[10]91 M & ZATZ A penicillin® ampicillin
9 A ZeAd A dutA oz FARE 4A4F
EE&Ao] HAENF GAZ ZFA HAM olFoR
g dart g FAZ EF3 ). Blactamase S B4
32 ¥ FFTol&H penicillind g TSP
ampicillin, amoxicillin, B-lactamase inhibitor7} Z ¥ B-
lactamA] kAl E ZA4AS 2dvin o a2y
AutA © 2 ampicillin®] MIC+ penicillink2 t} 1 3] 4j
F AT e Aoz 4FA o] =EAE F /A &
A g} )Xol &g 7} Ut EJ Vitek MICE 3 8]
APE} 1-2 N5t dol ez AREHE
A7t ez WA EFFE A4 TFE AR B
18 T oy B A7 183 #Fe #dHA
skt = FAIHMYPIA Vitek F¥] BT A
penicillin®} ampicillin®] 744 A7 e A7t
E. faeciumo) A& 1718] @371 A9eH E. faecalisel
Ae 4 FF7F dAJT. ol ampicilling WFAP R
Y9 penicillin® 2 8] Z B-lactamase B Ao o3 =}
LA AQ penicillind] vla) o) F o AFPE
FAE F e FH] vt 28 ER §FA FFA
AAA] 12pL RS FFF F 16 A1 o2 WG
Mueller-Hinton ¥j2] ¥ $]ol B4 =& carbonic acid
o ampicillin®] H A penicillin®t} ¢+ 37 fEo =
F34dc.

A9 olFS gAde AL olF9 5ol A
A FFER FEE A Fx QU B AFNMRE
faecium T T E. faecalis TFE T} B-lactamA A
of 3ty WS Rols T gFAL MICAXME F
g =}ol7} AU, E. faecalis FFE penicillin MIC
7} ampicillin MICE.T} 9A] 1-2 w7t Eg4oh.
Penicillin®} ampicillin®] WA &F7} E. faeciumol 4]
£ 65% (33/51) o] 1L, E. faecalisdll A% penicillin}
ampicillind] WA FF7} 10% (11/110) °lAc}. #
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T B-lactamA FFA WAL dAF-Eo| penicillin]
3 332 e] ¥ PBPs A4 F717F Aol 4%
£ B-lactamase A4 WEo R A Fo] B¢ vi(20].
E. faecalis @F = E. faecium TFX 3 penicillin &
ampicillindl %= WA S Hole FF7 434+ HE
% At} Penicillin E& ampicillind] 1% % WA S Hol
& E. faecium TFo| o3 AL 2L 35 AE
X 8A 1FE9 aminoglycosidet B H oy <3
synergistic bactericidal &% & 7| ¥ § glohe A&
olu] B ¥ AT}H(21). Penicillin =+ ampicillindll 1%
E WA S HolE E. faecalis #3F9 23dC 2 E.
faecalis AFANNE Fo 2 vy @ie] JeRtA 2
Holtt, 2B2 olE FYAZ tfAl WA F+d
o g JFH A5 T FAH R YA
I Yoz olgd AT LAY S JA
7] 1§ FET =3 A A7 Dottt

2 <%

Bl & : FFFL WA S 2 B-lactamA FTA| ol
ZAd WA e awxxe A &S A FE(minimal
inhibitory concentration, MIC)Z H.o]® I 71dL& HY
AW 2ol ke sy g o}, =&A 8-
lactamase®] Aol YAE L8 £x Uttn ¢ A
9}, HAE = A= penicillin®=E  ampiciilin®] W
dutA © 2 ampicillin®] MICE penicillin 2t} 1 3] A v)
F Fx ol =EA T 7FA gAY s & F
gk, B AFdAe AFTE Vitek (bioMerieux,
Hazelwood, MO, USA) 7t=.¢} &334 L o] &3}
E. faecalis & E. faecium FFE9 A 254 43
S vmEtgon, EYdA % B-lactamaseE A 3=
TF7F deA ZAMSIAS

g 9 e A G e 1998d ¢ EeElE
A AFAZ E. faecalis 110 TF9} E. faecium 51 F
olitt. Viteke] GPS-IZ Ft=E A£3la penicillin,
ampicillin, ciprofloxacin, tetracycline, vancomycin,
teicoplanin, gentamicin (500 pg/mL)Z} streptomycin (2,000
pg/mL) MICE 27319t} B-lactams FT A+ 33
AP AlPete] vitek 23t ¥l L3 T, f-lactamase
AA U3 dEFE 199890 BeHUYD FTEF E
faecalis 512 T3} E. faecium 189 FFo| v}, B-
lactamase 73 A}+= Cefinase (Becton Dickinson, USA) T &
A& AL

Zd I} AFT /M EsHA EEE AA eAe
qd9, FF, € 3. 7 € &2¥° UYL E
faecalis 59 3 MICE penicillin®} ampicillin 2+
o sl FHIqHez FHT Fto] 1-2 FMujs
=01 (P=0.03) =3 penicillin MIC”} ampicillin MICE
o 9A 1-2 57 FR_OH(P=0.03). 23} E.
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faecium T2 MICIAM € F

Pl FAR Aol

UNLH(P=0.19) F FTAL MICAME F3g =
o] 7t AATHP=0.19). Penicillin®] W4do]™ ampicillin®i]
A4 B St E. faecium 1 @F 9 E. faecalis 4 TF
7} et F 701 FF W32 A3 g B-lactamase
At A ¥ ZFe TEHA Fuo

A B ! Vieke 2 A B penicillin® ampicillin®]

MICE FHMYPET 1-2 Xus7t Ee B o] gle

o

, penicillin®] MIC+ ampicillin2.t} 1-2 & X7}

Eot FTA e Aol o7t & 5 U, FH
B-lactamase A TF= BHAEHA| gol A Tl
g FFLdA = FWHNA B-lactamase HAFE Al 3
g da e gldan Agdn}.
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