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Antimicrobial Susceptibility of Enterococcus spp. Isolated
from Han-river Area in Korea
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Abstract — From the 4 sampling stations located in the basin of the Han River, total 46 strains of
Enterococcus spp. composed of 15 E. faecium strains, 26 E. casseliflavus strains, 1 E. faecalis strain
and 4 E. hirae strains were isolated. Among the 46 strains, 45 strains exhibited streptomycin-resis-
tance, while 21 and 19 stains were resistant against tetracycline and quinupristin/dalfopristin, res-
pectively. As for gentamicin and vancomycin, 15 strains and 1 strain showed resistance against
the respective antimicrobial agents. Among the 46 strains, 39 strains showed resistance against
more than 2 antimicrobial agents, and 10 strains demonstrated resistance to more than 5 antimic-
robial agents. Especially, the strain isolated from the station C at Anyangcheon, exhibited resis-
tance against all the 8 kinds of the antimicrobial agents. As the sampling site approached to the
lower stream of the Han-river, the antibiotic resistant strains and the multi-drug resistant strains
were detected more frequently. The MIC values of the antibiotic resistant strains measured by the
disc diffusion method disclosed that 16 strains possessed maximum MIC value of 4,096 g mL~!
against streptomycin and 17 strains possessed maximum MIC value of 2,048 ug mL~! against gen-
tamicin. Meanwhile, 1 strain exhibited maximum MIC value of 512 pg mL~! against vancomycin.
As for quinupristin/dalfopristin and tetracycline, 2 and 33 strains showed maximum MIC value of
64 pg mL~1, respectively. Comparison of the MIC values of the strains of the this study with those
of the strains of the other research groups isolated from the hospital drainage and also those from
the live stock farm drainage indicated that the strains resistant against vancomycin and quinupris-
tin/dalfopristin may be originated from the livestock farm drainage.
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E. durans, E. casseliflavus, E. mundtii, E. hirae Q E. galli-
narmo] F2 WS Ve, 9 2 A 24E 7]
Zd ez, #¥E 34 o A AT,
2t 58 do vk (Klein 2003; 1 % 2005).
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g rz7F SAbsted Wl Enterococcus 2 Aol A van-
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199728 avoparcin®] AH&-% FAslel et S7hEE
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Table 1. Location of the sampling stations

Sampling .
amphing Location
station
A Paldang Bridge, Wabu-eup, Namyangju-si,
’ Gyeonggi-do
B Wangsukgyo, Donong-dong. Namyangju-si,
Gyeonggi-do
C Yeomchanggyo, Yeomchang-dong,
Gangseo-gu. Seoul
D Odudondae, Odu-ri, Bureun-myeon,

Ganghwa-gun, Incheon
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Fig. 1. Sampling stations in the Han-river of Korea in March, 2008.
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Table 2. Oligonucleotide primers used for the identification of the strains

Strain Primer Sequence of oligonucleotide (3'-3") Product size (bp) Reference
E. casseliflavus gi; Egglgé?iiéggigﬁﬁTé\AAégc 288 Jackson et al. 2004
E. hirae o AT AR aaATOCTaTC 187 Jackson et al. 2004

# A 9 TS §Y Aol A =

A2 5kl (Fig. 1).

ofir

2. Enterococcus & M| o+ ] 9 %3

Enterococcus 4 A9 el United States Environ-
mental Protection Agency method 1600 (2002)¢] | A] g}
el el AAlss) sk 4 Als 1LE o3
3k 1% NaCl3} 1% peptone2 =38} alkaline peptone
water (APW, pH 8.5£0.2)0)| 4] 37°C, 2417} Z7pulj ok5}
% o]Z m-Enterococcus (mE) agare)| 4] 37°C, 24A}7F )|
okslgtt. E=21)= A1 3}ed Brain-Heart Infusion (BHI)
agarell 37°C, 2417 wiFste] piesigdeh o &
BHI brothel #j <f3}e] DNeasy® blood & tissue kit (Qiagen)
Z total genomic DNAS F&3}o] (5)H}o] S Aol A
T8 & Eo| primer(Table 2)3 AF&-8}od multiplex
PCR3}e] Hoi& 548l th PCR 2712 94°CollA
10 pre-denaturationA] %l 3 denaturation step-& 94°Cel]
A 1%, annealing step2- 54°Cel| A 14, extension step-<
72°Coll At 182 30 cycles AA3}3T FHZ extension<-
72°Cell A} 10 3 5kal PCR AFE-E A17)9dgsle] &
SEEES

3344 A AAL

Clinical Laboratory Standard Institute (CLSI 2007)o A
AR Bazebbiel wel e gede wdsta,
AR MY o2 FHAaAAYA %S (Minimum Inhi-
bition Concentration, MIC)E ZAA &gt} mF-FF= E.
Jaecalis ATCC 292129} Staphylococcus aureus ATCC
259238 ARgSlAYh T AFIFAH S spie Hiofd
Enterococcus 4 M|5#& McFarland No. 0.59] g&xz=2 &
Al Mueller Hinton Agar (MHA) 3 ghi x|of] xwba}
3 FAA P A3E 29 F 3542°C, 18~244]2F vl
3le] clear zone &2 FAPA Z4AdS A st MIC

= MHA 9o 7+ $AA]9] &5 w8 0.5ug ml 12
B] streptomycing 4,096 Lig mL-17}#], gentamicin 2,048
g mL~'7}A], vancomycin, tetracycline @ quinupristin/
dalfopristine 512 ug mL~17}*] ARg-8l3 =82 ujef
2 Enterococcus % A|d-2 McFarland No. 0.52] g==
HepAlA A E3he] 3522°C, 18~24A17F wfefste] AH
452 50% olie]l A%t AAlE vehle A v
5 MICs, 90% e]Ate] A7 Al veplls A4l &
EE MICywo.2 &4 3}t

FAA == 3 9 SAAdAA A oAkt As
g0z gy 1453 gl ampicillin (10 ug), tetracycline
(30 ng), gentamicin (120 1g), amoxicillin/clavulanic acid
(30 ug), ciprofloxacin (5 ug), sulfamethoxazole/trimethoprim
(23.75 pg), chloramphenicol (30 ng), vancomycin (30 ug),
quinupristin/dalfopristin (4.5/10.5 ug) ¥ streptomycin (300
Hg) disk® 3} tetracycline, gentamicin, streptomycin, van-
comycin, quinupristin/dalfopristin powderd & A3}

o},
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5H7} S 47 AA-A] Ew|FE Enterococcus & M-
5 465o|gl o Table 3o AlAS A Az}

o] o|&EL E. faecium 155, E. casseliflavus 265, E.
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Jaecalis 15+ Bl E. hirae 452 o] %1% )&= A& Fig

2] A A& vhe} 7ko] PCRZ. &2l abg] et

E. casseliflavusy 25 FAHA HEZFgEd o &+
o abge) A de] Fasz AN Rz AEE 7]
Heoz 3= FEoloh(Klein 2003). ¥MH E. faecalis=
At 7] Aol B wl=E st x| e
28] Aol = vla A HEHE Aol & o
Tl A= A Bl Mk o] o] A&F o 3, AHE,
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Table 3. Identitication and disk diffusion test results for the Entero-

coccus spp. isolated from Han-river area in March, 2008

Sampling No.of  Strain  Identification
station  isolates number results

Antimicrobial resistance
by disk diffusion test

H-1  E. casseliflavus  TE-GM-S-C

H-2  E casseliflavus GM-S-C-AMC
A H-3  E. casseliflavus AM-S

H-4  E casseliflavus  TE-Q/D-GM-S-C

H-5  E casseliflavus  TE-S

H-6  E. hirae SXT-S

H-7  E. casseliflavus  SXT-TE-S

H-8  E. casseliflavus  SXT-TE-S

H-9  E. casseliflavus  SXT-TE-S

H-10  E. casseliflavus  TE-S

H-11 E casseliflavus  TE-S

H-12 E. casseliflovus S

H-13  E. faecalis TE-CIP-Q/D-GM-S-C
H-14  E faecium SXT-AM-AMC

H-15  E faecium S

H-16 £ faccium S

H-17  E. faecium TE-Q/D-GM-S-C
H-18  E hirae S

H-19  E. hirae S

H-20 £ hirae Q/D-AM-S

H-21 K casseliflavus TE-S
H-22  E casseliflavus  Q/D-GM-S-C
H-23  E casselifloeus TE-Q/D-GM-S
H-24  E. casseliflavus - SXT-TE-CIP-GM-S-C-AMC
H-25  E. casseliflavus - SXT-TE-CIP-Q/D-GM-S-C-AMC
H-26 K. casseliflavus TE-S
H-27  E.casseliflavus - CIP-S-C-AMC
C 15 H-28  E. casseliflavus Q/D-S
H-29 £ casseliflavus  TE-CIP-GM-S-C
H-30  E. casseliflivus TE-Q/D-S
H-31  E. casseliflavus  TE-Q/D-GM-S-C
H-32  E. casseliffavus AM-S-AMC
H-33  E. faecium CIP-S
H-3¢  E. fuecium S
H-35 E. faecium TE-Q/D-S

H-36  E. casseliffavus GM-S
H-37  E. casselifiovus - CIP-Q/D-S-AMC
H-38  E. casseliflavus - TE-CIP-Q/D-GM-S-C
H-39 K. faecium Q/D-VA-S-AMC
H-40  E. faecium Q/D-S

D 11 H-41  E faecium CIP-AM-GM-S
H-42  E foaecium Q/D-VA-GM-S
H-43  E faecium CIP-Q/D-AM-S-AMC
H-44  E. faecium SXT-TE-CIP-Q/D-AM-GM-S
H-45  E. faecium Q/D-S
H-46  E. faecium S

SXT: sulfamethoxazole/trimethoprim. TE: tetracycline. CIP: ciprofloxacin.
Q/D: quinupristin/dalfopristin. AM: ampicillin, VA: vancomycin, GM:
gentamicin, S: streptomycin, C: chloramphenicol, AMC: amoxicillin/cla-
vulanic acid
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Fig. 2. Electrophoresis of Enterococcus spp. multiplex PCR pro-
ducts. M: 100 bp ladder, C: E. faecalis ATCC 29212, lane
1. H-33, lane 2: H-21, lane 3: H-22, lane 4: H-23, lane 5:
H-24, lane 6: H-25, lane 7: H-26, lane 8: H-27, lane 9: H-
28, lane 10: H-29, lane 11: H-30, lane 12: H-31, lane 13:
H-35.

Table 4. Antimicrobial susceptibility of Enterococcus spp. isolated
from Han-river area in March, 2008 determined by the
disk diffusion test

No. of isolates (%)

Antimicrobial -

agents™ Resistance !Sii:ﬁgﬁ:ﬁg Susceptibility
SXT R(17.4) 0(0) 38(82.6)
TE 21(45.7) 4(8.7) 21(45.7)
CIp 11(23.9) 22(47.8) 13(28.3)
QD 19(41.3) 15(32.6) 12(26.1)
AM 7(15.2) 1(2.2) 38(82.6)
VA 2(4.3) 7(15.2) 37(80.4)
GM 15(32.6) 0(0) 31(67.4)
S 45(97.8) 0(0) 1(2.2)
C 13(28.3) 15(32.6) 18(39.1)
AMC 9(19.6) 0(0) 37(80.4)

*The abbreviations are the same as in the footnote in Table 3.

A 7rEA e o s EE
Table 33} 4ol £33} U]— Streptomycin®] 739
A} FE 46% F 45729) 97.8%:2] AFFo]
G AYE el 105 FAA F Y e uw
= SR o) et
Tetracycline®] 7-§- 465 F 21504 3AA] WA o)
v}elst o quinupristin/dalfopristinel] A= 465 & 195
ol A YA WA o] el Gentamicin 465+ & 15
Z= vancomycin-2 2ol Al uE A A WA o) Vebytet
S 2007)el M= =l FAE FAkelA 23 E
ez A4 WAdEs
2= 55.2%%¢] 12357} tetracyclined)]

1.9 o™, ciprofloxacin, chloramphenicol,

A Az 2235
A e
gentamicin, amoxicillin/clavulanic acid, ampicillin W van-
comycinel] M= A2 152%, 9.4%, 1.3%, 1.3% 4
0.9%2] Alstell A 2zt sFAAlel Wat WAdo] vhebd vt
a1 Baralgdel Gentamicin®] A= EAF $A oA 2
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Fig. 3. Regional djstribution of antimicrobial agent resistant strains
in the basin of the Han-river in March, 2008. A, B, C and
D: sampling stations. SXT: sulfamethoxazole/trimethoprim,
TE: tetracycline, CIP: ciprofloxacin, Q/D: quinupristin/dal-
fopristin, AM: ampicillin, VA: vancomycin, GM: gentami-
cin, S: streptomycin, C: chloramphenicol. AMC: amoxicil-
lin/clavulanic acid.

o AFoINE 13% e ngz A Fel AEd
HbH Table 48] ZA3}¢} 7ro] A A A 23t M

XE 32.6%=2 HlwA ¥ vlEz WAl AEH
91w} Martins da Costa ef al. (2006)-& S 4= 2l A &5}
£ A A ol A H2]gF 983F2] Enterococcus 4 M-S
galo g A FrpAS A AT} tetracycline (34.6
%), ciprofloxacin (13.9%), vancomycin (0.6%)2] WA o]
Hepfiglem, 9 5 (2007)2 HA el EEd E
Jaecalis®} E. faeciums Ao 2 streptomycind} genta-
micinol] H& YA W ZAREE A3} B 79 A3
o fAbe Soloi

Table 5. MIC values of Enterococcus spp. against the antimicro-

bial agents
Sampling No. of Antg_ | MIC (ug mL1)
station  isolates o0t 9 q
agent Range 50%  90%
TE 1~64 1 64

GM 32~ 2>2,048 32 2,048

A 6 S 256~ =4,096 512 4,096
VA 1~4 1 4
Q/D 0.5~8 0.5 8
TE 1~64 64 64

GM 32~ 2=2,048 64 2,048

B 14 S 256~ =4,096 512 4,096
VA 1~4 2 4
QD 0.5~8 0.5 8
TE 1~64 64 64
GM 32~ 2=2,048 2,048 2,048

C 15 S 512~2=24,096 4,096 4,096
VA 2~8 4 8
QD 05~8 3 3
TE 32~64 64 64
GM 16~2>2,048 512 2,048

D 11 S 1,024~ >4,096 2,048 4,096
VA 2~512 4 256
QD 1~64 8 64
TE 1 ~64 64 64

GM 16~ 22,048 64 2,048

Total 46 S 256~ =>4,096 2,048 4,096
VA 1~512 2 3
QD 0.5~64 0.5 8

TE: tetracycline, GM: gentamicin, S: streptmycin, VA: vancomycin, Q/D:
quinupristin/dalfopristin

Fig. 39] ZA3e] sl ciprofloxacini} quinupristin/

dalfopristine A} A o] 37} s}fel 7M1= 3
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A L] Aol °l 7deko] FElEkA] ks
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el FH7E 163, 2,048 ug mL'9] MICS vJehd 73
7b 8Folgle}. Streptomycin} - A G| YA <l
gentamicin®] 7] %ol = o MIC7} 2,048 ug mL-1g v}
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