KFAS #=+ et
Korean Journal of Fisheries and Aquatic Sciences

gh5=2] 55(5), 505-513, 2022

Original Article

Korean J Fish Aquat Sci 55(5),505-513,2022

Maot TR AR Ol SMQAHRNA 22/t B+H2| Vancomycin

LHY RHXL Z4E L 2 g §d
Mg - o) - gIe) - YuF - ooz

Detection of Vancomycin Resistance Genes and Antibiotic Resistance
Characteristics of Enterococcus spp. Isolated from Inland Pollution
Sources Near Shellfish Farms on the West Coast of South Korea

Yeon Gyeom Jeong, Bo Mi Park, Jin Ik Hwang, Min Ju Kim' and Eun Gyoung Oh*

West Sea Fisheries Research Institute, National Institute of Fisheries Science, Incheon 22383, Republic of Korea
"Korea Food Research Institute, Wanju 55365, Republic of Korea

In this study, 143 strains of Enterococcus spp. were isolated from inland pollution sources near shellfish farms on the
west coast of South Korea. Not all isolated Enterococcus spp. strains possessed vancomycin resistance genes ( VanA
and VanB). However, since vancomycin-resistance Enterococcus (VRE) have been detected not only in the clinical
field but also out in the world, it is possible that the VRE gene may be transferred to other bacterial strains commonly
found in coastal waters where seafood is produced. It is important to monitor trends in the appearance of VRE. In ad-
dition, antimicrobial resistance patterns of isolates were examined in this study. Overall antimicrobial resistance rates
were high: ciprofloxacin (32.2% of isolates resistant), chloramphenicol (30.8%), quinupristin/dalfopristin (19.6%),
and tylosin (15.4%). Eight E. faecium strains (6.2%), out of the 129 strains assessed, showed multidrug resistance. All
multidrug-resistant E. faccium showed resistance to erythromycin, quinupristin/dalfopristin, tetracycline, and tylo-
sin, in all 14 strains. All multidrug-resistant E. faecalis showed resistance to erythromycin, quinupristin/dalfopristin,
tetracycline, and tylosin. Both multidrug-resistant E. faecium and multidrug-resistant E. faecalis showed common
resistance to erythromycin, quinupristin/dalfopristin, tetracycline, and tylosin.
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o & F. faecalis, E. faecium, E. avium, E. durans 5-°] ¢Jth
(Mundy et al., 2000; Seong et al., 2013). A= A 25
FREA A AAWASE 7HA= Aol AR, A% 2] aminogly-
coside /d-& W& sh= ot 750] SA8HHA FH Q|5HA ARE-
&= A= 2ef Rl vancomycinol = W8S LERHA =91
t}. o] & vancomycin WA A-t(vancomycin-resistance En-
terococcus, VRE)o|2}al d} of=tof| 4] 1988 2|2 Hil¥
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o]F Sejutetol e HAHY 5 HehdAdo] Hard Wt ohy
2} A| A A 0 2% VRES] 2J3k 7h¢do] de] hAbeE] AL §lof 4]
9] A z+A AR A QIth(Nachamkin et al., 1988; Woo and Ryu,
1997; Cetinkaya et al., 2000).

&tte] vancomycin WS UEhE FAFPS VanA,
VanB, VanC, VanD, VanE %! VanG 67}X|7} Ei1%3 Qlth
(Arthur and Courvalin, 1993; Cetinkaya et al., 2000; Park,
2006). T3+ FAA7HA] vancomycin, teicoplanin 5-& 3£ &3}l
+ Glycopeptide Al 4ol 23S 7HA= A= 95RE Y
H A 9l=d|, ©]= VanA, VanB, VanC, VanD, VanE, VanG,
VanL, VanM, VanNo|thi(Hammad et al., 2021). ©]&} -2 t}
oF5t VRE 5443 o] t)#2]¢] vancomycin WA 544}
o] ¥R VanA, VanB Y VanC&o| ¢) 2™ (Masateru et al.,
2017) VanA, VanB®) 73-%- E. faecalis, E. faccium?} 38 %21
Aoz BuEy 9IrhRogdz et al., 2019). T3+ VREE= d&
Sh= A9 W= Ao WS Holm f-agh A7 EA
A Y= 7o g de A Qltk(Masateru et al., 2017). o] &gt
glycopeptideA| &A1 vancomycine]l gt /g2 W4
HAHE A transposon 850 = Qlsf WHAYsHH, S 53l
A 9] Aute 715381tk Arthur et al., 1993; Park, 2006).

==t 2] vancomycin W dol et sl A= 2 AR
ool At o] 0 x| 1L QJth(Kim et al., 1998; Lee et al., 2003;
Yang et al., 2013; Jeong et al., 2017). S}ARF Atat-2 43+
of| FRLI5HA skl 917] wi<zoll VREZ} e A-2ofoll Rt gt
e A] oL AFE0] A IR WA TE Sl e ol Al
T EAstL Sl 7HsAdol ek +2Ee 2= 3 VRE
O] A A7 Y BarE 31 Q)R Kwon and Kim, 2012;
Seong et al., 2013; Masateru et al., 2015, 2017), 54+ Fofof|
FAF= = 7 Y VREY 3o gt A+t ¢ #55

ot
=

Aol A= Alalite] s FoFAl Q1] S/ e eSO
o8 Attg Eefskal, EelE 5o el VRE §-414HE
ShRlske] Ak FoFR 9] FF 73S ElstaLAt st T
o], £8P0l VRES 23135 4

ARE FA5k= A= 52517] flizol vancomycindyt ofy
2t of 2] FAEZ] tigt FAA WA 9 oA WA FES =
ofFsto] Abtgtol tigh A WA Ao 7|24 E 2 2t
a7} 3ot

ERTETS
INE:IPNEES

Al ol ARE-E Al 222021 1195E 20224 4L 71A] A3
oro] uf| FoFAlAk 5wl AYAkFo] W e ot AARA|E W)
I Q= 7h2 YRt okt o] (wHof| Y x|3t wfFekA Tt <l
1

Sh gl S0 Y HES 5 o) ol A9
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Fig. 1. Sampling station of inland pollution sources (®) in Garorim
Bay and Iwon-myeon of Taean-gun and Seosan-city Area in South
Korea

2
P
3!
(U]
>
Fll
rlr
Tl
p
Z
Wi
4>
ok
2
=
©
o2
=)é
Y
Ql’.
&

TS E25H7] 95t A& 25 mLE 6.5% NaClS %
15t Azide dextrose broth (Merck, Darmstadt, Germany) 225
mLo| 7kste] 37ClA 487 5ot Fa Warstalch. Zat vl
9Fol-& Enterococcosel agar (BD Difco, Sparks, NV, USA)
ol A= she 37°CE 48417 wefui ok shelct. wieF
T H2M0 AP A 51 FEYE A9 ste] Tryptone soya
agar (Oxoid, Basingstoke, UK) H¥o]| Z A =d5}o] 37°Co|
A 18-24A17F ==ul k3t 3 VITEK2 System (BioMerieux,
Marcy, France) 0.2 A 3}sh5 4 sto] 2|5 2ls3iT).

DNA =&

a2l 1437) 352 DNAS AHE 814125719 EMAG
(Biomerieux, Marcy, France)2 &3}t A 25 &3l (ly-
sis buffer)ol] 7} & &algte] A& Woll 24k Hihs
ZA7]= At FAo] AR aAE B FI T f2
& siAbe] np1y g Al2]7} 9 AH(magnetic silica particle)E
7¥eh & BESAIA AT uk1dE Ale] 7} JRbe] F2RA] &
EMAG £h&-89 1, 2 (extraction buffer)2 A 2|5}l v} 14| €]
A12]7} - ALS elution buffer? &-3lj5to] HANES A
2% sprE B Relsirh
79| vancomycin HAS™XE ZAL

VRE £0] 3-##}91 Van A gene, Van B geneS 54| H&3}
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7] $J5to] Al #E= PowerChek™ VRE VanA & VanB Real-
time PCR Kit (Kogenebiotech, Seoul, Korea)E AME-31%itt.
VRE VanA & VanB Real-time PCR premix 15 pLoj| &3t
DNAE 5 uLA ¥a, S 7S Bd57rE, Stz
L Kit F+A4J#2] control DNAZE 5 uL @ ¢ltth. Real-time PCR
2 QuantStudio5 (ThermoFisherScientific, Marsiling, Singa-
pore)S o]&3te] 50°C 28, 95°C 187t vk83t & 95°C 15
%, 60°C 187 98-8 353] HkE5191 17, fluorophore= FAM,
VIC, Cy5=2 Z+Z} VanA, VanB, internal control - target gene
© 2 %)

Z| A KlEs = (Minimum Inhibitory Concentrations,
MIC)E 0|88 SHlx e Al

| A2 A 5 (minimum inhibitory concentrations, MIC)
= o83 A WA AIRE AlFOforEePA ol A A58t
= =7F A AR 2 WA ZUER(MFDS, 2020)0f =3t
o] AAstgon, WA #H49] 7152 Clinical and Labora-
tory Standards Institute (CLSI, 2020)5 72 3} th(Table
1). VITEK2 System® 2 74 9 25 2RRIgt &2 w5
mueller-hinton Agar (Oxoid, Basingstoke, UK) ¥tof 2141
£ 5}o] 3721°CollA] 18-20417F joret - ubulAl o] et
< loop= I3t % 5 mL et H F-F=roll @EHsto] 0.5 McFar-
land= B=E 2459 B =& 243t dEF2S cation ad-
justed mueller-hinton broth 11 mL tubeof| 10 uL £33} 2+
vortexing 3+ & AAF FAA7} 5L H=Z coating® MIC Panel

ron

(SENSITITRE, KRVP2F, USA)o|| AH5 52 H%7|(Auto In-
oculator; Sensititre, East Grinstead, UK)E ©|-8-5}4 50 uL]
AL 37:0.5COIA] 18-24417F wleFalsik. of ] Ags}
= MIC panel> MFDS (2020)0]] w2} FU5}A] F5-A4| 25}
ARgS1SIC Hlofo] $HEE MIC panel MIC AAME A58
3 ohd 7] (AutoReader; Sensititre) = THE35}o] o S]] &4
5] Al 1 e RS HA A E(MIC)R TS
o, BAE MICE 4] U712 breakpoints) i} |5}
WA A2 T skict Seld=o A oA WA A
+= MAR (multiple antimicrobial resistance) index = L}EU]
212w, MAR index= A H/d AlE ol ARG 5 A8 &
59 (16500 that S vhebhs AR E5) 4] v
S(WES Uehlle A E72 /A -0l ARSE & 3
A F39] ¢E AL th(Krumperman, 1983; Titilawo et
al,, 2015).

7hE=ERh Bkt o] W S QI S A vilE 974
oAl E-2|3t Enterococcus spp. w5 &A%+ Table 201 LFER]
Ak & 1439571 B glon, E faccium®] 12973, E.
faecalis7} 14+t 2| H QUe}. 5P, WA 8, 59 &
2 F& o|F0o]A 1= DS-196, TA1-4, TA2-15, TA4-22, WB-

Table 1. Concentration range and breakpoints of antimicrobial agents used for MIC test against Enterococcus spp.

Antimicrobial agents

Range tested

Breakpoints

Antimicrobial subclass (Abbreviation) (ug/mL) (Resistance, ug/mL) Reference
Gentamicin (GEN) 128-2,048 21,024 NARMS (2013)
Aminoglycosides Kanamycin (KAN) 128-2,048 >1,024 NARMS (2013)
Streptomycin (STR) 128-2,048 >1,024 NARMS (2021)
Aminopenicillin Ampicillin (AMP) 1-16 216 CLSI (2020)
Fluoroquinolone Ciprofloxacin (CIP) 0.25-16 >4 CLSI (2020)
Glycopeptide Vancomycin (VAN) 2-32 232 CLSI (2020)
Glycylcyclines Tigecycline (TGC) 0.12-2 20.5 DANMAP (2013)
Lipopeptides Daptomycin (DAP) 0.5-32 28 CLSI (2020)
. Erythromycin (ERY) 1-64 >8 CLSI (2020)
Macrolides )
Tylosin (TYL) 1-64 232 NARMS (2013)
Oxazolidinones Linezolid (LNZ) 0.5-16 28 CLSI (2020)
. Chloramphenicol (CHL) 2-32 232 CLSI (2020)
Phenicols )
Florfenicol (FFC) 2-32 216 DANMAP (2016)
Streptogramins Quinupristin/Dalfopristin (SYN) 1-32 >4 CLSI (2020)
Tetracyclines Tetracycline (TET) 2-128 216 CLSI (2020)
Others Salinomycin (SAL) 2-32 =8 DANMAP (2007)

MIC, Minimum inhibitory concentration.
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101 AL 213 &] 79~ 5= E. faeciumWt 2] ¥ 9111, A s}
2 23 o]2o] A [W-1, IW-61, JG-155, TA3-189] 474 %2
T TW-1, JG-15591 A= E. faccium®7t o}U| e} E. faecalis™=
2= ATk TW-1 A2 s ekt o] L 2ol f1AskaL Sl
TR Q1 IR w2 VPR o R R E ol E = et
F7H G o2 F %= A olm JG-155 A2 AAFA] A=
W e 2 A, olEnkEolA BEE = gt g
o2 FYEE Agoltt. o] F+ A T I 5 A+
UL SVt Al717F obd Aol T RS v ST
Atk Aot} TW-61, TA3-18 2|5 &] A9 sl HA
<o At F 284 P v Eol 7] ul el ¥E A
AT E= ol Ewo] Yh= HollA 2tol7t Jlor, &
AL A7)0l Agsl7E ol v =] AL Q1A ¢hgkt. Gilmore
and Ferretti (2003)-> AF#He] Aolli= E. faecalis?} ©F 90%, E.
faeciumo] ©F 10% H-3Z3}a1 QIthal B 113} 31, Masateru et
al. (2017)& shpoll A 2] ¥l At o] $-45-2 E. faecalis
o, sPgrol| Al Belst & 5992 At 5 E. faecalis7}
1152(19%), E. faecium®] 265(44%)2tal B 11skal Qlof -7
el L FAYANE E. faecalisEth= E. faeccium©] 933}l
9131 Rk §7) ©.91¢00] HotA¥ E. faecalis?h Felw= v
L7hgoRths 2 A+ Akl AASHIT o|ef 2 o] =
IW-61, TA3-18 | &o] IW-1, JG-155 XA} 2| E. faecalis
L A=A =

2 Atol| A o) it 2] HleZ K E. faecium®] 2] H]
£0] Y53] E9h=t|, Seong et al. (2013)0 4 13t Y57t
AT oA Rt T+t R Hls(HEE 2 d T B
= E. faecium)¥} VW H-S wf, E. faecium®]| £-2] v|-&o] 714+
Erh= HollA vlsegt A 3kS UERH AL, Sung et al. (2013)°]1 4]
Hgh Al S4ks 9 AR A B3 E. faecalis (104

N O o

[*]

Table 2. Number of Enterococcus spp. strains isolated from inland
pollution sources in Garorim Bay and Iwon-myeon of Taean-gun
and Seosan-city Area in South Korea

No. of isolates

Sample
Samples informgtion E. faecium E. faecalis
DS-196 Stream water 18 0
IW-1 Domestic sewage 14 7
IW-61 Domestic sewage 16 0
Inland JG-155 Domestic sewage 12 7
pollution TA1-4  Tide embankment 20 0
sourcé  1a2-15 Agricultural water 2 0
TA3-18 Domestic sewage 13 0
TA4-22  Agricultural water 19 0
WB-101 Agricultural water 15 0
Total 129 14

), E. faecium (134+5)2] £-2] B2} Kim et al. (2019)0]| 4]
HRh FER 9 Y vieEas A ol-§-oll A eleh At &
2] H]E&(E. faecalis 97%, E. faecium 2%)x} ¥ioj| o] Z3ko] 1}
Efytow, Oh et al. (2008)0|A] Hargt 4] o] 7 W ARS8
ol 2.2J3t E. faecalis (154F), E. faecium (11+4-5) 2] E2] 1|
Eik= Zfol7} QAT o] = Al 59 FFutct AbE Zgsk=
E§520) 09 154 0 299 fehel Al Aol 7} 917]
Hol Ao Holt},

9| vancomycin WASMAE ZAF ZAxt

ZFE T, Eieht o] HH QI S wiEa 97449
SheddoziE el F 14370 A2 vancomycin
A AAF 2918 918t Real-time PCR A3} BE F520]| 4]
VanA%} VanB7} A& % A &th(Table 3).

VRE]| thgt A7} F=2 o] FolA|= YA} fofol| A =3yt
VRE A&l 3t A4-5 A 2, Kimetal. (2015)= 444
Aol A 2e]¥ HA A+ F VREZ} 13.1% HE(VRE £
A4 5 E. faecium©| 92.5%, E. faecalis7} 2.2%)% itk B
5FR AL, Lee et al. (2003)«= YA AAZHE E2]4H E. fae-
cium 202455 & VREZ} 394-5(19%) A=5¢lctal B ars)
et

A o] FopollA] 3t d- AE A EH, Kim et al.
(2014)= SARET Aol A 23t Aatell A= VRE
A7} A2 5 7] koreha ¥ 18kl T, Kim et al. (2019)% v}
S Aol 8RR E EelE ko] VRE %1 A3 &
gk VanA, VanB R HEEA] ool Barskelnt. eyt
Kwon and Kim (2012)+= 337919 350l 4] a3t A+t

Table 3. Genotype analysis of VanA and VanB of Enterococcus
spp. strains isolated from inland pollution sources in Garorim Bay
and Iwon-myeon of Taean-gun and Seosan-city Area in South Ko-
rea by using Real-time PCR

. Total  No. of isolates (%) (n=143)
Species Samples . -
isolates  \anA  VanB Negative
DS-196 18 0(0.0) 0(0.0) 18(100.0)
IW-1 14 0(0.0) 0(0.0) 14(100.0)
IW-61 16 0(0.0) 0(0.0) 16(100.0)
JG-155 12 0(0.0) 0(0.0) 12(100.0)
E. faecium  TA1-4 20 0(0.0) 0(0.0) 20(100.0)
TA2-15 2 0(0.0) 0(0.0) 2(100.0)
TA3-18 13 0(0.0) 0(0.0) 13(100.0)
TA4-22 19 0(0.0) 0(0.0) 19(100.0)
WB-101 15 0(0.0) 0(0.0) 15(100.0)
) IW-1 7 0(0.0) 0(0.0) 7(100.0)
E. faecalis
JG-155 7 0(0.0) 0(0.0) 7(100.0)

PCR, Polymerase chain reaction.
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t 7671 3= 5 1571 t52(19.7%)7F VREZ Q1| Qlrhar B
13} a1, Sung etal. (2013)= Y57 QI <ol A Eelet
At 11771 B8] w+5~(E. faecalis 1045, E. faecium 13+t
—.—) % Van A gened R-5-3F 5= 9111, Van B geneS ®
& @77t 97 etk hom 5101, G4} 9] thofo]
HEE VRE 407} 453 915 Selsisic
ole} o] 7, B % 5 S 8el A= VREZH Shel=|gict

T B OB E Sk Bolol A% VRE $447} HolZ
% Qs AE7H 93 1 1R Aol EARHL G whE, A4 )
B} 7 shofo] Za sk BerE,

HREo| SR ZRE LY

ZEE R, Bidkt o] HH I S dd wiES AR
FE e Bt 14370 o2 16 Al diet W=
Table 4, Fig. 20 U ic) A YA E-L ciprofloxacin
(32.2%), chloramphenicol (30.8%), quinupristin/dalfopris-
tin (19.6%), tylosin (15.4%) <=2 38k}t Kwon and Kim
(2012)= PR 9] EFrollA 23t A=t A
A& AR AF, streptomycin (93.4%), tetracycline (52.6%),
quinupristin/ dalfopristin (40.8%), ciprofloxacin (36.8%) <=
0 g =Qtthal H138}kal §lof, quinupristin/dalfopristin, cipro-
floxacin®] A W&l =A L& A& 2 A+ Anter &
UAITE, o]9] At & At Aok 2ol 7t QIGIH:. Oh et
al. (2008)2 ¥4 o 72] A% 8ol A 23t E. faecalis, E.

faecium®] GAYA| W3S 2ASE AT, E. faecalisol| A+ ri-
fampin (92.0%), tetracycline (80.0%), quinupristin/dalfopris-
tin (56.0%), chloramphenicol (32.0%), E. faccium®| A<= tet-
racycline (88.5%), erythromycin (73.1%), rifampin (55.8%),
quinupristin/dalfopristin (53.8%), chloramphenicol (50.0%)
£o2 =il ®Haskal o], quinupristin/dalfopristin,
chloramphenicol©] ¥4 W&ol &4 L& 22 2 A+
Ao} 2Tk, 019 AWM= E. faecalis, E. faecium 25 5
Q17 Aok 2}0]7} QL3ITt. oo} e Aol L& 48]
Ae] Al RO|AR A 28] F57} TR, SATA SefE: 2
Q1919] 5 9 QILe] 217 2o Sof SJ3t A0 AR,

A WAl 71 84 A Bl QA Rolel o] Astehe

Sl 23, Lim et al. Q004 AN 2218 A0t
A WS ZASE 23, ciprofloxacing 2 A9} 7+
o] YWAlEo] =7 UgrAut, gentamycin, streptomycin, tetra-
cycline Z=/d o] A U= 2 Aot de] WA Eol A4 v
oF 2ol 7} AAT. whehA] @1/ okl Al o] YA WA 7@t
2 Aol A 2ARE ST g dtke] A Al A gl A
O = gehEch

2HH, MICE o|-83F 34| W AIe 23} E. faecium 15+
ol 4] vancomycin W= UERH =H], & Aol A= Van
A gene, Van B gene®] 3+ A1+ vancomycin WA &}
ThS Belshl i, S A Roke-S Selshic). meba] g

Van A gene, Van B gene 9]0l 72121 vancomycin Y444

__\_

Table 4. Antimicrobial resistance of Enterococcus spp. strains isolated from inland pollution sources in Garorim Bay and Iwon-myeon of

Taean-gun and Seosan-city Area in South Korea

imicrobi No. of resistance isolates (%
Antimicrobial Antimicrobial agents - ! I, %)
subclass E. faecium E. faecalis Total
Gentamicin 1(0.8) 0(0.0) 1(0.7)
Aminoglycosides Kanamycin 1(0.8) 0(0.0) 1(0.7)
Streptomycin 6 (4.7) 0(0.0) 6(4.2)
Aminopenicillin Ampicillin 8 (6.2) 0(0.0) 8 (5.6)
Fluoroquinolone Ciprofloxacin 32 (24.8) 14 (100.0) 46 (32.2)
Glycopeptide Vancomycin 1(0.8) 0(0.0) 1(0.7)
Glycylcyclines Tigecycline 0(0.0) 0(0.0) 0(0.0)
Lipopeptides Daptomycin 0(0.0) 0(0.0) 0(0.0)
. Erythromycin 1(0.8) 0(0.0) 1(0.7)
Macrolides )
Tylosin 8(6.2) 14 (100.0) 22 (15.4)
Oxazolidinones Linezolid 0(0.0) 0(0.0) 0(0.0)
. Chloramphenicol 30(23.3) 14 (100.0) 44 (30.8)
Phenicols .
Florfenicol 1(0.8) 0(0.0) 1(0.7)
Streptogramins Quinupristin/Dalfopristin 14 (10.9) 14 (100.0) 28 (19.6)
Tetracyclines Tetracycline 1(0.8) 0(0.0) 1(0.7)
Others Salinomycin 0(0.0) 0(0.0) 0(0.0)
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Fig. 2. Antimicrobial resistance of Enterococcus faecium and E. faecalis strains isolated from inland pollution sources in Garorim Bay and
Iwon-myeon of Tacan-gun and Seosan-city Area in South Korea. AMP, Ampicillin; CHL, Chloramphenicol; CIP, Ciprofloxacin; DAP,
Daptomycin; ERY, Erythromycin; FFC, Florfenicol; GEN, Gentamicin; KAN, Kanamycin; LNZ, Linezolid; SAL, Salinomycin; STR,
Streptomycin; SYN, Quinupristin/dalfopristin; TET, Tetracycline; TGC, Tigecycline; TYL, Tylosin (Tartrate/Base); VAN, Vancomycin.

Apgelo] ojojafof g A o & Hrhe T Bl 2 b4l YAS MAR index$} 17 Table S, Table 6] 1t
ERQItt. E. faecium 12991 % 8709 4155(6.2%) = MAR
index7} 0.2 o]/}, & 4% o4 YA ol sl WS vehiaL,

7= Bkt o] QI S e H Y vl S 9740 & o] % erythromycin, quinupristin/dalfopristin, tetracycline, ty-
Ao d o 2Ry Bajw iyt 1437] w2 YA WA o losine ThA| WA 87l 3= = WAL UebIT), B, faecalis

Y7o SN LY mHE H oA Y

Table 5. Multiple antimicrobial resistance (MAR) of Enterococcus faecium isolated from inland pollution sources in Garorim Bay and
Iwon-myeon of Taean-gun and Seosan-city Area in South Korea

No. of antimicrobials Resistance patterns No. of isolates Total (%) MAR index
0 75 58.1 0.00
DAP 7 5.4
TET 1 8.5
1 0.06
CIP 3 23
ERY 13 10.1
ERY, TET 5 3.9
2 0.13
CIP, DAP 1 0.8
3 ERY, TET, TYL 6 4.7 0.19
ERY, SYN, TET, TYL 6 4.7 0.25
5 CIP, ERY, SYN, TET, TYL 1 0.8 0.31
1 AMP, CHL, CIP, ERY, FFC, LNZ, SYN, TET, TGC, TYL, VAN 1 0.8 0.69
Total 129 100.0

AMP, Ampicillin; CHL, Chloramphenicol; CIP, Ciprofloxacin; ERY, Erythromycin; FFC, Florfenicol; LNZ, Linezolid; SYN, Quinupristin/
dalfopristin; TET, Tetracycline; TGC, Tigecycline; TYL, Tylosin (Tartrate/ Base); VAN, Vancomycin.
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Table 6. Multiple antimicrobial resistance (MAR) of Enterococcus
faecalis isolated from inland pollution sources in Garorim Bay and
Iwon-myeon of Taean-gun and Seosan-city Area in South Korea

No. of Resistance No.of  Total MAR
antimicrobials patterns isolates (%) index
4 ERY, SYN, TET, TYL 14 100.0 0.25
Total 14 100.0

ERY, Erythromycin; SYN, Quinupristin/dalfopristin; TET, Tetra-
cycline; TYL, Tylosin (Tartrate/ Base).

£ 1433(IW-1 723, JG-155 745) 25 ohA] A& yet
Wk 14t 25 A 4500 sl Wde Uehill=dl, 257
erythromycin, quinupristin/dalfopristin, tetracycline, tylosin®]
W= 2o E. faecium} THA| W/ 7 3Fo] 9kt o 9F 22
&t o] A T Al WA sl o] A= thE F0] W (E. fae-
calis®} E. faecium), o1& 52 A =(DS-196, IW-1, JG-155,
TA3-18, WB-101)0f| 4] 5L 5}A Lebst7| wiizoll 9] 4744] &
AAZE 7t =R, e et ol el 1A% SRk oI &
4 g wiEoll A tiEA o2 S Uetll= Al = B
cHEITh T3 17 #5204 MAR index”} 0.69 2 AJG5] =2
Al /& 7HR1 AL Q= A1 ARt e of fof whet 24| 2
A7HE = e BolFal Q7] uZell A|52] Q1 e ot 1
HeEgol 2% A o= wekEr)

2 Aol A= At A A St = S E =
Ao AUt o2 Att-S Eelokar, wefE ol sk
VRE A4S &elsto] A ofm o] J7F 7Hed= &els
A SHAEE S/ HiE T 970 S H YRR
2] F 14371 AHat2] vancomycin WA 304k 24212 9
3t Real-time PCR 21} Van A9} Van B7} 25 AEE|A] 99F
o}, 1A%k VREZ} 713 BAIA E Ql4F HoRigt ofjet g)
/¢ @] Eopoll A = VRE 847 F S E AL Qlekal B arE 7] uf
ol 4k okl A &= VRE #7447 dold o= Q= A =713l
AL, 71 fRd/dol EAIERL Sl whE, AI5AQ1 At Aok 1t
ofo] FQsirhar ek

B3], 2040 VRES Eak 3l w4 Aol of
RS SA5h= A= Fa5H7] mhizol vancomycin it of
Uzt ofe] = Eol thet A W 2 oAl WA =
upetstaral sheitt 9740 S wiEr=TE £
gt 1437] 522 165 Aol gt /de 2let 4
I} FAA WAES ciprofloxacin (32.2%), chloramphenicol
(30.8%), quinupristin/dalfopristin (19.6%), tylosin (15.4%) <=
O Eqtomn], 4 okl Al o] YA A 7 ekt 2 Aol
A AT Sk oA o] Al WA AaFkel A4l
ATE Yl A o2 FekE ey =3, A A siEl 9 oA
Aol thali A = =lsl ©els=tll, E. faecium 129+t % 871
9| #5(6.2%), E. faecalis= 147 75 25 ohA] YA S LiE}

=), ©] 5 erythromycin, quinupristin/dalfopristin, tetra-

cycline, tylosin ThA| WAdwt 2270 o= 25 W/d-& LEt
L glod, 91 47HA] A7 7F= - RE Bk o] Rl 91A]%
T FFA AT S AL Sl dEA o2 WS U
U= A 2 ekt =it o 3HYA] Ui/ L okl WA
A Tt 2 ATt obAl e HA|H o2 Z EAlE §lo, A
gt ] of R et A EA7FE 5 YeS ol 9l
7] ol 2 A A ARG, ARSTF A% 5 A5A QL T ot
Hyelgo] dedt A o7 yeEch

AL AL
O] T 2022 AR At AEARY =l
AArE ] gl AHE QA 2AHR2022065)2] A|Ho 2 3

%_
H AFtolH, 8] Aol FAR=E )
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