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Antimicrobial Resistance in Escherichia coli Isolated from the Shellfish
Farms in the Southern Coast of Korea

Kunbawui Park, Jun Yong Park, Mi Ra Jo, Hong Sik Yu, Hee Jung Lee, Ji Hoe Kim, Eun Gyoung Oh',
Soon Bum Shin?, Yeon Kye Kim? and Tae Seck Lee?*
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This study evaluated the impact of antimicrobial resistant bacteria produced by inland pollution sources on coastal
areas, and investigates antimicrobial resistance profiles of bacteria isolated from marine filter feeders. A total of 107
shellfish (short-necked clams Ruditapes philippinarum, ark shells Scapharca broughtonii, and oysters Crassostrea
gigas) were collected from the southern coast of Korea, from which 204 Escherichia coli strains were isolated. The
antimicrobial susceptibility patterns of isolated strains were analyzed for 15 antimicrobial agents used in Korea for
clinical or veterinary therapy. Antimicrobial resistance was present in 44.6% of E. coli isolates against at least one an-
timicrobial agent. The rate of antimicrobial resistance in the Narodo area was higher than isolates from the Gangjin-
man area and Kamak Bay. E. coli isolates had a higher rate of resistance against: tetracycline (29.9%), streptomycin
(25.5%), and trimethoprim (14.2%). Of 204 isolates, 29 (14.2%) were resistant to multiple antimicrobial agents.
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oAl Alolu T2 AYS AYstAY 2 =8| 9
sto] FH QA ARE EofA] a1 glow 20129 FHAH <
AAHLE O] SZARE- St A| AHGF 2AF AbR | Qs -2ut
2}o] 88 oA AFEERS 2008 1,210E, 20091 998E,
20104 1,046%, 2011 956 £ 0.2 22X Foj=i= 2oL}
ARG A AR 2008 193, 2009 178%, 20104
203%,2011¢ 239E.0 2 9 3|8 §FA| AF&2ko] 271511 9)
= A0 2 Yyt

o)A Y FtAl= FA ofFollA ] AH o
o g da] AMEE I Q1S Bt ol g} o] & Al
= =Y WA S S7HA717] fIgt A% SAIA| 2 Ab=et
S}slo] AREE]7| % 3FtK(Tollefson et al., 1997; Gaskins et al.,
2002). “Leu o] 3t HH O R AR E = Pt A= gL
2 It frAbRofe] QlojA A WA+t S Wt oh e}
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AW/t e] 57F 2AIE oF7] Al 4= Stk £3]
FoIRt St FEolu Al O RRE ofA|
Aty o2 YEH7| e shH, Algolu s=olA F
A7k T 23 FAEA] gk HRE A B
A7t gRo] Wt ghe AR it Biw gl
(Kummerer, 2009).

o, i Adsi gl F2 Aash S/4dat oxdsl 3lof
ol A FEE g IS dAl e e
o, E3H o] /g0l A& §laL, 3ol Bs& S5t HolE
AR HFE s ol HRakE ATES Aol 47 5
A3} HtH(Grimes, 1991; Feldhusen, 2000).

2 Q170] F71e} Al o Qlsto] Ui AETS A
Qalap 123 Aol 7o 2 e uldE 2l 5o 09
o] T} SHE Boto] o= G oRM 3
o] ol oF S v A1 Q] om(Hill et al., 2006; Lee et
al., 2010), o|ef3t ©Got= FA| HAFo] TRl 9
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SHH, -2 Alolu F=9 Aol sk A Al
F0 2 N BoE= Ao wEE o] Q17| ol &
Aol &gt WA &5 2 olalietal, WS HUE 9t
of Qlof uf-&- F-8-3t Alit o2 A Qltk(Levin et al., 1997).
ol A e ot o] <Al Aol e By H A7t
wol o] oAl Q=T 2 7I5 o 2 RE Eelgt vt
st oot (Chae et al., 2005; Lee et al., 2005; Cho et al.,
2006; Kim et al., 2009).

Aokl Qloj A of FFAA ol A e gt bt At
A H|H 2| @ gfofl Tt Al WA At YH o FolA Q)
S 1}(Son etal., 2005; Oh et al., 2008; Son et al., 2009), SAF2.
AT} s lof - ol A Frd = L A=A ok
ol ¥kl Q= s FeFAl el A o] Eelgt tha=te] atAl
/gof| gt A7t mim|gt Aot

SHH, A A8 U2 B oA Zhakat, e et A7
Tk 2| & o] s FF Aol Al A Tl =, vhx] = w2l 7
A F olg Y MR o2 RY f9E= e e
O] JFo & loff 7 F HHANETFS L=t 2A S
7hgiths Bzt Qlar, o= a9 9] vl ol A AYskaL 9l
Areh 3 7150f Erio] A A s 148 A 2= R] oL 7Y
o g =i gle AFYoRr 0 H=4 Sl 35
U A Wd=0] HiFolA EelsEe ko] I+
Al Wl d&Fs vd 4= 91& A= Al EtHKwon et al.,
2007; Park et al., 2011; Park et al., 2012).

whebA] 2 Aol A= Al WA E S B s
ANt 7124 " AlFs Al g YR E, of A 7Rkl
St ZARIGE s o] s FoFA oA A F<l HFEEEH
WS 2elstal, welE ool tigh HAl WA s
2 Apstelnt.
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NEA 2 HExI

A E2] 2 93 A2 20119 1095 20129 59717
A DFE U G o454 b A ol A o)
o 9] sfj Tl A FAl 1 =(Crassostrea gigas), PHA 2t
(Ruditapes philippinarum) 2 31 27l|(Scapharca broughtonii)
2 garo. stk AR YA Mo RE F A 12714,
MR QA 27 9 T2 AR SOl A e

A Fste] Ao o) AME-sIST) (Fig. 1).
AR

Y AFA & Recommended Procedures for the Examina-
tion of Sea Water and Shellfish (A.PH.A., 1970)0] &3}o] A]
F3l . A Fofl+= Lauryl Tryptose broth (Difco, USA)
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Fig. 1. Sampling stations to isolate Escherichia coli from shell-
fish farms on the southern coast of Korea. ®, Oyster Crassostrea
gigas o, Short-neck clam Ruditapes philippinarun;, m, Ark shell
Scapharca broughtonii.

=, 3P A3 o= EC broth (Merck, Germany)S A5}tk
EC broth®] 9Fd AP o2RE 2 Ee|sto] EMB agar
(Difco, USA)Oll 553t & 244 e eke] odlgst
IMVIiC test ¥ VITEK system (BioMerieux Vitek, France)S
0]-8-5}o] Escherichia coliZ =73}tk

Shad god Al

254 E 2 iAo Al AL Acar and Gold-
stein (1991)¢] tj 23 34 1} )=+ CLSI (Clinical and Lab-
oratory Standards Institute, 2004)°] &3} AJ& 3}t &, &
2]¥l 7} 5=+ Muller Hinton Broth (Merck, Germany)©j| 4]
35T, 18~24A1t wlj YRt b ot Wl 9] 5 =5 McFar-
land No. 0.5 3|4} 24J5F3Aet. 2} )4 H A2 w2 1% &
E71 =5 NaClE 3 7Fet 7 4 mm2] Muller Hinton Agar
(Merck, Germany) 3 #of =@} c), woo] 435 Muller
Hinton Agar -2 S&1F WAt it d S A7 & &
A HAA(0 8 mm)yE Bkl AAAZIT o] u FtA] T
23+t AF T 152 ool a2kAZ o, AR FtAl=
ampicillin (10 pg; AM), amoxicillin/clavulanic acid (20 pg/
pg; AmC), aztreonam (30 pg; ATM), cefazolin (30 pg; CZ),
cefotaxime (30 pg; CTX), ceftazidime (30 pg;CAZ), cephalo-
thin (30 ug; CF), chloramphenicol (30 pg; C), gentamicin (10
pg; GM), nalidixic acid (30 pg; NA), streptomycin (10 ug; S),
rifampin (5 pg; RA), tetracycline (30 pg; TE), trimethoprim/
sulfamethoxazole (1.25 pg/23.75 pg; SXT), trimethoprim (5
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Table 1. Number of Escherichia coliisolated from oyster Crassostrea
gigas, short-neck clam Ruditapes philippinarum and ark shell
Scapharca broughtonii

Samplin Number of ~ Number of
aregs ’ Samples samples isolated strains

Oyster 25 43
Goheung-gun Short-neck clam 15 73
Total 40 116
. Qyster 30 10
Yeosu-city Total 30 10
Oyster 16 30
Namhae-gun Ark shell 21 48
Total 37 78
Total 107 204

ng; TMP) 5 1550 & BBLA} A2 AHE-SF3ITE a4l Hf
23Z 112471 Muller Hinton Agar B2 35T, 16-18A|7F
ufjoFat th-L- ++2] 4] A& t(inhibition zone)2] 7| = cali-
pers2 Z7Asto] 7heAd §-5E WEstgl o, A Aate]
AE T2 95to] E. coli ATCC 259222 BZ1% 2 AFaa}
o] Z} gtA| T AT 0| gt H7kE ERIsHIT

Zot ¥,

2

Escherichia coli?l 22| ¥ &=H M2

2011 10€5 - 20124 59714 Fafjor 371 A 9(aLT,, o
=, ool sk aFFA 19714l 4] 215 et 2
718, v 15 4, 9 27) 21 W 5 % 107 & HAC 2 E coli
2 Bejelgiat) AR E coli 2] §3-E 204 8§37, v}
Aol T3, WA 48 PR BF 204757 el
Hlow, A9 E. coli 2] A% AW EH 15 U2
ejo] 257} A2 15 A 116357, ol AInt shele
2 1633} 3] 27) 21400 4 7875, 14 Zhrk slele] 2 30
HollA 10 527} &2] =] ATH(Table 1).

o, 22 E coli 204375 O ibkE W At
A e gt A == Aol Uehdt Zor Hig 15
0 FtAlol tiste] e dokd Ay, £2% E coli
TF= A dHAIE F tetracycline (29.9%)0ll4 7
d w2 WEES yEllen, thZ o2& streptomycin
(25.5%), ampicillin (18.6%), trimethoprim/sulfamethoxazole
(14.2%), trimethoprim (14.2%), gentamicin (11.8%) <=]%1
T}, E3} aztreonam, cephalothin, chloramphenicol, nalidixic
acid, rifampin ©f th3llA= 10% o]5}2] A& UER e
L}, amoxicillin/clavulanic acid, cefazolin, cefotaxime, ceftazi-
dime o] jafjA= £2|9 E. coli BE #5771 ApAel Aoz
Q1% A th(Table 2).

Lee et al. (2003)7} B 118k 718 S=AHE 2 00E 223t E. coli
o A9 tetracycline W/d-E&¢] 38%= LFEFGTHAL H gk A}
3}al= tha B|<=51A AR, Son et al. (2009)0] Halot o] FoF

EEE

A4 - 207 - e - AelA - ojgA

A1) A B2]3t E. coliol A 9] tetracycline WAd-&-0] 74.1%%
Uehdh W g Aststis 2 AolE Uehygict. olefel
A3k 2jolt= 2 Aol AL§T T} 44 WAL Alelahai
iR oA == LG5 9 JaFS uvlehA Bl Q=
af FAY AR ol A FA] Sl 7S A A Fste] Aol A
B5197] wZol digte] L Aot HelE gt Al
Widgo] 22 vidof| Aol 9 A 55 H2 0= gtA| 9
ARg o] W olRabAI 0] 79, A oIR: U AFSA St
AR A =2 = Qe o] AR EFE 22 H E coli]
A Aol =7 vrehd Ze]7] wiizolth. E3F Tendencia
and Pena (2001)2 A - P20 4] G Al S 18 AF8517) o2
2 73 9-ef AHEEE 79, Al ARESEAL Sl Al A T
Al vl ol WA eteka Bnssl.
2e(X|go e g e de

At B A oo w2 bt A WA %3S Table 30f L
EF ATt 18 U2k sl ool A Ee)H a2 tetracycline
<} streptomycin®f] ot WAI&o] 217} 38.8% ¥ 30.2%= Y
BRI ¢131 amoxicillin/clavulanic acid, cefazolin, cefotaxime,
ceftazidimeo| A= 7S H oL, Hall 71T s <o) A
)5 A2 ampicillin, gentamicin, trimethoprim/sulfa-
methoxazole, trimethoprime]| T gt YAd-8-0] 53] 24.4%= &+

Table 2. Antimicrobial resistance of Escherichia coli isolated from
oyster Crassostrea gigas, short-neck clam Ruditapes philippinarum

and ark shell Scapharca broughtonii

I Number of
L _ Diffusion registance
Antimicrobial Conpentratlon zone isolates (%)
agents disk (ug)  breakpoint —————
(mm Esg:her/ch/a
coli (n=204)
Ampicillin (AM) 10 <13 38(18.6)
Amoxicillin/
clavulanic acid 20/10 <13 0(0.0)
(AmC)
Aztreonam (ATM) 30 <15 4(2.0)
Cefazolin (C2) 30 <14 0(0.0)
Cefotaxime (CTX) 30 <14 0(0.0)
Ceftazidime (CAZ) 30 <14 0(0.0)
Cephalothin (CF) 30 <14 9(4.4)
Chloramphenicol (C) 30 <12 10(4.9)
Gentamicin (GM) 10 <12 24(11.8)
Nalidixic acid (NA) 30 <13 13(6.4)
Streptomycin (S) 10 <1 52(25.5)
Rifampin (RA) 5 <17 13(6.4)
Tetracycline (TE) 30 <14 61(29.9)
Trimethoprim /
sulfamethoxazole 1.25/23.75 <10 29(14.2)
(SXT)
Trimethoprim (TMP) 5 <10 29(14.2)
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Table 3. Distribution of antimicrobial resistance in the sampling area of Escherichia coli isolated

Sampling areas
Yeosu-city

Goheung-gun Namhae-gun

Antimicrobial Con'centration Diffusiqn zone Number of resistance isolates (%)
agents disk (ug) breakpoint (mm) — - — - — -
Escherichia coli Escherichia coli Escherichia coli
(n=116) (n=10) (n=78)

Ampicillin (AM) 10 <13 19 (16.4) 0(0.0) 19 (24.4)
Amoxicillin/

clavulanic acid (AmC) 20/10 <13 0 (0.0) 0(0.0) 0(0.0)
Aztreonam (ATM) 30 <15 3(2.6) 0(0.0) 1(1.3)
Cefazolin (C2) 30 <14 0 (0.0) 0(0.0) 0(0.0)
Cefotaxime (CTX) 30 <14 0 (0.0) 0(0.0) 0(0.0)
Ceftazidime (CAZ) 30 <14 0 (0.0) 0(0.0) 0(0.0)
Cephalothin (CF) 30 <14 9 (7.8) 0(0.0) 0(0.0)
Chloramphenicol (C) 30 <12 10 (8.6) 0(0.0) 0(0.0)
Gentamicin (GM) 10 <12 5 (4.3) 0(0.0) 19 (24.4)
Nalidixic acid (NA) 30 <13 13 (11.2) 0(0.0) 0(0.0)
Streptomycin (S) 10 <11 35 (30.2) 9(90.0) 8(10.3)
Rifampin (RA) 5 <17 9 (7.8) 1(10.0) 3(3.9)
Tetracycline (TE) 30 <14 45 (38.8) 0(0.0) 16 (20.5)
IL'E?%Z?ESQ/Z oo (sxT) 1252375 <10 10 (8.6) 0(0.0) 19 (24.4)
Trimethoprim (TMP) 5 <10 10 (8.6) 0(0.0) 19 (24.4)

Q1= 93, tetracycline®} streptomycinof| thet W/d&o] 2+t H e A WA 2fol= o] & all <2 uljR-lofl A
20.5% 2 10.3%2 YEFF AL, amoxicillin/clavulanic acid, ce- 5hal Q)= AU 7o) ARG Al ARRSF 2fo), Bl
fazolin, cefotaxime, ceftazidime, cephalothin, chlorampheni- OF 0ol HHA] ¢ JE % o] 2= Ul GAFQ H0] 2o T}
col, nalidixic acido A= 7HpAd-S& Bo] YRk s oA £ = o] = A A A Abo] 5] 818 & Q15| A

it o] Al WA A EFstale tha Aol 7k Sl Ao ®
ZAFE QAT B3 E U2 59 9] s {iFAldolA EelE
thghato] o= Zhepat 9l sl At s oA el i
SR B2 Ao WS Hol= Ao g 21T
Lee et al. (2005)> & &% 219 itollA] tetracycline
(95.2%), ampicillin (70.1%), streptomycin (59.2%), trim-
ethoprim/sulfamethoxazole (53.7%) WAd&°] &L, Choi
et al. (2006)2 = RO A 2] gk Aol A tetracycline
(100%), trimethoprim/sulfamethoxazole (60.2%), ampicillin
(50.0%), streptomycin (50.0%) WAJE-0] 50%°]4o] Atk
H sk
e, R 9 7 s ejol] opA) Zel 23} 327 9] 914
SPA AARE 75 W F o] 5 o] vl g odol A frolEls
AN Y] L Hd =Tt

2012), Herwing et al. (1997)-2 o] Fok2) A ol A SJtA| S AL
sro 2 H sf|gEtgof| 2A15k= At WA H=E 57 Al
T o, FAIE wol AREEE o FdFAR ] IAHAERRE
29 Al WSS FHAE A AHBIA] G2 o 7ok
A7l A E2EE Eegh Al A&l vlske] o &=
QThaL 5ot

ool Auts T EH, == 9 ATk a <o) 4] 2

o2 A A Hol 7k ek 202 ALt whebd 5
FolA B4 WAE U THIWAE AES S ddel o
apo] 7h4 2 2210 2 AzkE]7] ujief T5o] 9IAEH b
4 Sruoh FAA WAT S SeAe w5 Akl o
SolEls BrA o2 ATS 913t S4Ho g gle) ¢ o
o] W@ s},

salzzel #@A Uy e

7ol A e E. coli 204+t75 A& 1559 <Al
of thgt W/ s el Table 40 Lrepi olet. Al ol ARE-H 15
Y| B FtAlol A4S UEhd 5= 113155(55.4%)
olle, 15 oo eatAloll WA= vehd 5= 91+
(44.6%)013Act. FtAl W/sel FollA 24] /ol 15.2%=
7P e, ol 2 1A Udol 11.8%, SAl % 64| W4
°] 3.9%, 34| gl 3.4%, 74l % 87 /o] 2.5%, 441 W
g0l 1.5%, 4% ol/d<] FatAloll WS et thAlWAd+t
(Multiple antimicrobial resistance bacteria; MARB)-2 29+
(14.2%)2 2ol = et

Lee et al. (2003)7} H.113F 7FE AR R R E 2% E. coli
oA TS HEEol 6.1%0]tkaL Hilsto] 2 A
FANEG AWt AEEo] WA Ueh AT, et

A2 o] Yol o] Fojx| L o] FUPAFY FAlofF U
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Table 4. The antimicrobial resistance profiles of Escherichia coli

isolated from samples

Number of

arﬂm:rgggls Most frequent patterns’ isola_ted T(ﬁ/ta)'
strains
0 113 554
ATM 1
RA 5
1 S 8 11.8
TE 10
AM, CF 6
ATM, NA 3
2 S.RA 1 15.2
S, TE 21
AM, CF, RA 3
3 S,RA, TE 4 34
4 AM, GM, TMP, SXT 3 1.5
5 AM, GM, TE, TMP, SXT 8 3.9
6 AM, GM, S, TE, TMP, SXT 8 3.9
7 AM, S, C, TE, TMP, SXT, NA 5 25
8 AM,GM,S,C, TE, TMP,.SXTTNA 5 25
Total 204 100

'AM, ampicillin; ATM, Aztreonam; CF, cephalothin; C, chloram-
phenicol; GM, gentamicin; NA, nalidixic acid; S, streptomycin;
RA, rifampin; TE, tetracycline; SXT, trimethoprim/sulfamethoxa-
zole; TMP, trimethoprim.

<ol Al el E. coliol| A9 THA| WA tol ggol Al
62.5% 9! 55.8%0]|%ittal Halsle] H A LA il S 2}o]
= Yehf 9ltkSon et al., 2009). o] 2|3 G- Ax} X}O]L &4
s A g T S TR AR 29 1S
Ko| AT, e Ao AR AR ek IS} oS g
7] w22l Ao & AR =, Tendencia and Pena (2001)2 &
2 FEO| FatAlEtE A7 ARG Alatoll thgt oFA|
2712 Wk oot Al o] Sl o2 W E TR
QIeka 1 a}gct.
o)< 7:‘ﬂr F e AU kS HA = AQtsl ol A A
It Fs ol oz feluk oaEa Sl FgE] 3l
FtAl lﬂ“i‘ % O 2t A AREEel St
ol ol FFAF O R vl E R = A =
F E Ql8f mfj et ofy el thE gibEol A = HhA
A0l 27K 7HsAlo] obA| 1 itk wkebd) g
o 9 AW F7HE AAIs| flelA = SAtelu 4
ofoll Al A H ofjul ;. L AR 2218 EA 0 2 AL L=
PNLJﬂéﬂkﬁMMLﬂw&ﬁﬂ%oﬁ%h#+ﬁﬁg
| et ek @Al AL A 20] et 21449 7go) L
sfeh Al gt

~

ol r{r 2
lr

s
a1 %)
R

:l‘loﬂ
N' lor

ur

A

o 2 ox

@Hm

2

Al Ab

o] - A8 -

@07 - Al - WA - olehA)
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