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Antimicrobial Resistance of Escherichia coli Isolates from Mussel
Mytilus galloprovincialis Farms and Inland Pollution Sources in the
Changseon Area, Korea

Soon Jae Kwon, Ka Jeong Lee*, Yeoun Joong Jung, Sang Gi Park, Kyeong Ri Go, Ji Hye Yang and
Jong Soo Mok

Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Korea

In this study, we isolated and characterized Escherichia coli from mussels and inland pollution sources in or in
proximity to the Changseon area on the southern coast of Korea in 2014. A total of 147 strains of E. coli were iso-
lated from 54 mussels and 32 pollution-source samples. The susceptibility of the isolates to 24 antimicrobial agents
was analyzed. The resistance of E. coli isolates to rifampin was highest at 100%, followed by cephalothin (98.6%),
tetracycline (91.8%), amikacin (81.0%), ampicillin (79.6%), cefazolin (79.6%), streptomycin (73.5%), piperacillin
(70.7%), gentamicin (37.4%), cefoxitin (35.4%), cefamandole (34.7%), tobramycin (29.9%), amoxicillin/clavulanic
acid (24.5%), nalidixic acid (21.8%), trimethoprim (19.0%), chloramphenicol (17.7%), cefotaxime (12.9%), trime-
thoprim (10.9%), ceftazidime (10.2%), aztreonam (7.5%), imipenem (2.7%), cefepime (2.0%), and cefotetan (0.0%).
In addition, the antimicrobial resistance of E. coli isolates from inland pollution sources was slightly greater than or

similar to that of isolates from mussels.
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Fig. 1. Sampling stations of mussels Mytilus galloprovincialis (®)
and inland pollution sources (m) from the Changseon area on the
southern coast of Korea.
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8k ST Al el Eske] 35+£0.5CollAf i staiTt. 12
JL48AIZE o] o] 7kAE A3 S Al TS U 3]-8- loop (10 uL)
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Goldstein (1991)2] tj~=3FAFH 3} ul=+ CLSI (Clinical and
Laboratory Standards Institute, 2004)o] =5} A|@s}%
. &, 285 o)A+ Muller Hinton Broth (MHB, BBL,
France)ol 7§50 35Co|A] 18-24A17F v Rt - o v ofeH
9] 5 =& Densicheck plus (Biomerieux, France)=Z 0.5 McF7}
Hw s)4etol 24590 2t SAE FAE F 4 mme)
Muller Hinton T Agar (MHA, BBL France) 3 #o] =43t &
515 AR & A HA3(0 6.25 mm)E Ho] 1L
ZA AT 2Ea YA HA3E AT MHAE 35T
A 16-18 A7k vl &F3E & =21 ] 8]l tff (inhibition zone) 2] 27 &
calipers2 57 3to] g -5 TSIt
ofuf], Al of| ARl YA Tl 225+= BBLAKFrance) 2] A&
© 2 gFAIA| = amikacin (30 pug, AN), amoxicillin/ clavulanic
acid (30 ug, AmC), ampicillin (10 ug, AM), aztreonam (30
ug, ATM), cefamandole (30 pug, MA), cefazolin (30 ug, CZ),
cefepime (30 ug, FEP), cefotetan(30 ug, CTT), cefotaxime
(30 ug, CTX), ceftazidime (30 ug, CAZ), cephalothin (30
ug, CF), cefoxitin (30 pug, FOX), chloramphenicol (30 ug, C),
ciprofloxacin (5 ug, CIP) gentamicin (10 ug, GM), imipenem
(10 ug, IPM), nalidixic acid (30 ug, NA), piperacillin (100
ug, PIP), rifampin (5 pug, RA), streptomycin (10 ug, S), tetra-
cycline (30 ug, TE), tobramycin (10 pug, NN), trimethoprim/
sulfamethoxazole (1.25/23.75 ug, SXT), trimethoprim (5 ug,
TMP) -5 245°] 3t
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Table 1. Number of Escherichia coli isolated from mussel Myti-
Ius galloprovincialis samples and inland pollution sources in the
Changseon area

Number of isolated

Samples Number of samples strains
Mussels 54 55
Pollution sources 32 92
Total 86 147
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A E. colit= 5535 8] 5HE QUL SAR2 A ol Axet
327l AR RHE E. coli= 924 £ -5 = Ak

222 WHFHE col)el SMA A

2] ¥ E. coli 1471701 tjsto] 245 HAAIE W B 3=
Table 20 YEFH I} E. coli wt7= AN YA S F ri-
fampin (100%)°]l thsto] H= oA WS Uepi gl e
cephalothin (98.6%), tetracycline (91.8%), amikacin (81.0%),
ampicillin (79.6%), cefazolin (79.6%), streptomycin (73.5%),
piperacillin (70.7%), gentamicin (37.4%), cefoxitin (35.4%),
cefamandole (34.7%), tobramycin (29.9%), amoxicillin/cla-
vulanic acid (24.5%), nalidixic acid (21.8%), trimethoprim/
sulfamethoxazole (19.0%), chloramphenicol (17.7%), cipro-
floxacin (12.9%), cefotaxime (12.9%), trimethoprim (10.9%),
ceftazidime (10.2%), aztreonam (7.5%) <=4 2 U482 LE}
YAt =3 imopenem (2.7%), cefepime (2.0%)> 5% =|QF
o] WAdES UERH 1AL, cefotetan= E. coli 25 7} 1=
Kl Aoz 3l =gl

ah, o] AT-e] ATHE ket ook TRoRA A (Park et
al., 2013) & o 722 (Son et al., 2009)0| A4 2|9 E. coli
Of YA W&ol vl sl 5 43S H3Uck Kim et al. (2013)
o] A2AFofA & F¢l 7|9t A 7|25 E el
E. coli®] @A W74 A-ollA A7) 22 wt5+2] ampi-
cillin (78.7%), gentamicin (25.5%), nilidixic acid (36.1%) U]
At 4a7] B F59] trimethoprim/sulfamethoxazole
(23.5%) WA&E AT AoR uag e Yenholch. Eat
e B AaL7]olA 2Rt E. coli®] FHAYA| W/ $15HKim
et al., 2009)°]| 4] tetracycline (85.3%), gentamicin (35.3%) 2
chloramphenicol (14.7%) 5 &A4A ol oigt WA} vl<=3t gk
< ®olr}h ®3h Lim et al. (2010)9] 2o whay 0] &
oA elet digato] fAYAl /42 2008 nalidixic acid,
ciprofloxacin ¥ trimethoprim/sulfamethoxazole2}- 20094 ]|
chloramphenicol ] &AYA| WA o] 10% o 2 H]S=5131 o,
%] 2] -9 nalidixic acid, ciprofloxacin®] 2007, gentami-
cin®] 20084 streptomycin, ampicillin®] 2008 & 20094 ]
A /o] Bl ARE H ik
22|10l E H(E colel S WA Hlw

AR w0 Eef ol whE YA WA 43S Table 30f| L
R S/ LAY e =R 23t E. coliwt 7t A58l
2] of] E-2] 5t w+5=0]| H]5}0] amikacin, ampicillin, cefamandole,
cefazolin, ceftazidime, cefoxitin, chloramphenicol, piperacil-
lin, tetracyclome @ tobramycin 52| Aol gt WAlo] 1=
QYo L}, aztreonam, cefepime, cefotetan, cefotaxime, cephalo-
thin, ciprofloxacin, gentamicin, imipenem, nalidixic acid, ri-
fampin, trimethoprim/ sulfamethoxazole ¥ trimethoprim -
of g A ol thstol= 5%l o] fol & Hof vl Wi 7
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Table 2. Antimicrobial resistance of Escherichia coli isolated from mussels Mytilus galloprovincialis and inland pollution sources

Antimicrobial agents

Concentration (ug) per

Diffusion zone breakpoint Number of resistance isolates (%)

disk (mm) Escherichia coli (n=147)
Amikacin (AN) 30 <14 119 (81.0)
Clavanic acd (AVC) 20/10 <13 3 (245
Ampicillin (AM) 10 <13 117 (79.6)
Aztreonam (ATM) 30 <10 11 (7.5)
Cefamandole (MA) 30 <14 51 (34.7)
Cefazolin (CZ) 30 <14 117 (79.6)
Cefepime (FEP) 30 <14 3(2.0)
Cefotetan (CTT) 30 <12 0(0.0)
Cefotaxime (CTX) 30 <14 19 (12.9)
Ceftazidime (CAZ) 30 <14 15(10.2)
Cephalothin (CF) 30 <14 145 (98.6)
Cefoxitin (FOX) 30 <14 52 (35.4)
Chloramphenicol (C) 30 <12 26 (17.7)
Ciprofloxacin (CIP) 5 <15 19 (12.9)
Gentamicin (GM) 10 <12 55 (37.4)
Imipenem (IPM) 10 <13 4(2.7)
Nalidixic acid (NA) 30 <13 32(21.8)
Piperacillin (PIP) 10 <17 104 (70.7)
Rifampin (RA) 5 <17 147 (100)
Streptomycin (S) 10 <11 108 (73.5)
Tetracycline (TE) 19 <1 135(91.8)
Trimethoprim/Sulfamethoxazole (SXT) 23.75/1.25 <10 28 (19.0)
Tobramycin (NN) 10 <12 44 (29.9)
Trimethoprim (TMP) 5 <10 16 (10.9)

Fe 7= Ao g ERIEITE &, Al ol AR 2459 7
A 5 22F] tiste] g dHoRs RelRt vt iRE
FE 22 ot Eop iAol AW 5% W= vt E %
= UWEHSIEE webs S o 2R e G e 59 4
Al Ul g o] vheto] 9415 Q1 shizol e 1A 4 gk
a1 Al EIT) Park et al. (2013)0] 218k FafQF oFA] uf 7o A
22l E colio) A vl ot Aol A= gl WA
7 9 T AES 400U kel 7 2 2l
e 131 5}o] o)= 1 Atel G AT,

Lee and Choi (2007)0] wf=2H R 2HE He|3l eaet
E.coli 67a570l that YA 1Al Al$ AT, tetracycline
of diste] 100% de Hof 2 A 96.7%2] 2itet 7|
of garstelon, dukel W SEag TR AelA] Rel oy
9] FAA] YA FAFol| A amoxicillin/clavulannic acid (6.1),
cefotetan (0.2), cefepime (0.6), imipenem (0.8), nalidixic acid
(23.9) Y sulfamethoxazole/trimethoprim (22.2)-2 S ¢
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© v ARl ARG 2459 A 5 24 28 00A 16F

o = 281 918l e, 105(12.7%) 2] oFAlofl thst
oA WS 2= d77 7P ol Yepslth &, 22 +5 %
L opAjef tfsfiA = WAdol Sl A o2 §lglen, 2% 3
WT(5.5%), 35 23F(3.6%) ©13 .1, 4F o] o] YAl

WAS LEl = ofA U Al +H(Multiple antimicrobial resistance
bacteria; MARB)-2 105:-] FAof] W& 2= 7+455(12.7%)
7h 71 EOKAL, T ohE 0 2 9% 9l 145-9] ofA| o WA 2
= 6357t FIE wWEhom, 65 59(9.1%), 5 9 13F 44F

2, 12% 9 8% 385, 4%, 7% 2 1552 235, 1652 o
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Table 3. Distribution of antimicrobial resistance of Escherichia coli isolated from different sampling areas

Sampling area

Antimicrobial agents Concentrgtion Diffusioq zone Mussel farms ' .Inland pollution

(Mg) per disk  breakpoint (mm) Number of resistance isolates (%)

Escherichia coli(n=55)  Escherichia coli (n=92)

Amikacin (AN) 30 <14 42 (76.4) 77 (83.7)
Amoxicillin/ Clavulanic acid (AMC) 20/10 <13 25 (45.5) 11 (12.0)
Ampicillin (AM) 10 <13 42 (76.4) 75 (81.5)
Aztreonam (ATM) 30 <10 5(9.0) 6 (6.5)
Cefamandole (MA) 30 <14 17 (30.9) 34 (37.0)
Cefazolin (CZ) 30 <14 39 (70.9) 78 (84.8)
Cefepime (FEP) 30 <14 1(1.8) 2(2.2)
Cefotetan (CTT) 30 <12 0(0.0) 0(0.0)
Cefotaxime (CTX) 30 <14 7(12.7) 12 (13.0)
Ceftazidime (CAZ) 30 <14 2(3.6) 13 (14.1)
Cephalothin (CF) 30 <14 55 (100) 90 (97.8)
Cefoxitin (FOX) 30 <14 16 (29.1) 36 (39.1)
Chloramphenicol (C) 30 <12 7(12.7) 19 (20.7)
Ciprofloxacin (CIP) 5 <15 8 (14.5) 11 (12.0)
Gentamicin (GM) 10 <12 20 (36.4) 35(38.0)
Imipenem (IPM) 10 <13 3(5.5) 1(1.1)
Nalidixic acid (NA) 30 <13 10 (18.2) 22 (23.9)
Piperacillin (PIP) 10 <17 36 (65.5) 68 (73.9)
Rifampin (RA) 5 <17 55 (100) 92 (100)
Streptomycin (S) 10 <1 46 (83.6) 62 (67.4)
Tetracycline (TE) 19 <11 46 (83.6) 89 (96.7)
Trimethoprim/Sulfamethoxazole (SXT) 23.75/1.25 <10 9(16.4) 19 (20.7)
Tobramycin (NN) 10 <12 6 (10.9) 38 (41.3)
Trimethoprim (TMP) 5 <10 6(10.9) 10 (10.9)
WA 2 ot 19 002 W 1S Yl o] o] WAa e vreb it g1, 45 2] R P A (KMFDS,
&o] A} ol A= 4F o] A WAe UEhl= 2016)°] 25t Ao A 2213t E. coli wt5=2] TP U+t 4
TR & 509F2 OF 91% AHA| ok 28 LERTS. S5 82.6% (57/69)01 1L, S Al Z A= 83.7% (36/43)=
o, 71 S0l A 8%, 9% X 1050 thsto] 2 2+t 5+4 U3t U S/ 7Folls vl Adato] vl A &7 REskal Qi E
AES B o o]Qof thE vt B ThE afd o, & Ao S ddo EAStE E. coli= 90.9%2
= Bl TR vt el of frAket 332 B 3lch

Sk, 949 Qo)A Ee|E E. coli 35 & 924-50]910
(Table 5), 0| & H552 2452 A 5 4ol A 18%F] tf
sto] YAS Btk &, BE 2] d5= 45014 Al Y
e Uil thAlUAE] Ao RIS 1 A2 9
%9 oFA ol tiate] A B9l 571 2155(22.8%) 2 7
wWorow, 11 H2 8% 9 1059 tiste] F3] 1697(17.4%)
7 S Bk ®3L, 115 99-5(9.8%), 75 61-55(6.5%),
122 9 13% 5735(5.4%), 6 4d5(4.3%), 14 L 15% 34
Z(3.3%), 4% 29(2.2%), 18] 3117 L 185 1595+(1.1%) &=

olo] AT AFTA W LA AU AR A%
£ 91% 9 90.9%2 $40.2 6.d9lo] nfck f.eHo] wet
QAstel] A AJ5 05517 ofele: H5e] B4 AAA LA
9| 0] o] 9I9E 210 2 TehEIch 3 AT oA chluy
ko] sflo] i The o] G ol 7h4 1o 23 Ay
Aol 128 A0 Holn], TS WAT A E HAS
A7 AR\ 81 5 of e 71K A28 B3l A4 i 7t
AR Aol A AL 5 9] thEo] FF AR Aol
ot 2 v 2 A AHEAFE ] Tk 40l wgol
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Table 4. Antimicrobial resistance profiles of Escherichia coli isolated from mussel Mytilus galloprovincialis samples

anti,;lnci)ér()c:bial Antimicrobial resistance patterns isola'\tlgd Zirain -I;S/E?I

2 CF, RA 3 5.5

3 AM, CF, RA 1 36
CF, RA, TE 1

4 CZ, CF, RA, IPM 1 36
AM, CF, RA, TE 1
CF, S, PIP,RA, TE 1

5 AM, CZ, CF, S, RA 1 23
CF, S, AN, RA, CIP 1
AM, CZ, CF, PIP, RA 1
CF, S, AN, NN, RA, TE 1
AM, CF, S, AN, RA, TE 1

® CF, GM, S, AN, RA, TE 1 91
Other 2
CFS, AN, PIP, RA, TE, FOX 1

! AM, CZ, CF, S, AN, RA, TE 1 36
CZ,CF,GM, S, AN, PIP, RA, TE 1

8 AM, CZ, CF, S, AN, RA, TE, FOX 2 53
AM, CF, S, AN, AMC, PIP, MA, RA, TE 1
AM, CZ, CF, GM, S, AN, PIP, RA, TE 2

S AM, CZ, CF, S, PIP, ATM, RA, TE, SXT 1 10.9
Other 2
AM, CZ, CF, GM, S, AN, AMC, PIP, RA, TE 2

10 AM, CF, GM, S, AN, AMC, PIP, MA, RA, TE 1 197
AM, CZ, CF, GM, S, AN, AMC, PIP, RA, TE 1
Other 3
AM, CZ, CF, RA, TE, S, AMC, PIP, MA, CAZ, C 1

11 AM, CZ, CF, RA, TE, S, AN, AMC, PIP, MA, FOX 1 10.9
AM, CZ, CF, RA, TE, S, AN, AMC, NA, PIP, CIP 1
Other 3
AM, CZ, CF, S, AN, PIP, RA, TE, GM, AMC, MA, C 1

12 AM, CZ, CF, S, AN, PIP, RA, TE, ATM, C, FOX, IPM 1 55
AM, CZ, CF, S, AN, PIP, RA, TE, ATM, FOX, CTX, CIP 1
AM, CZ, CF, S, AN, AMC, PIP, RA, TMP, MA, TE, FOX, SXT 1
AM, CZ, CF, S, AN, AMC, PIP, RA, NA, NN, MA, C, TE 1

3 AM, CZ, CF, S, AN, AMC, PIP, RA, GM, TE, FOX, CTX, CIP 1 73
AM, CZ, CF, S, AN, AMC, PIP, RA, GM, NA, TMP, MA, SXT 1
AM, CZ, CF, S, AN, PIP, RA, TE, GM, AMC, NA, NN, C, CIP 1
AM, CZ, CF, S, AN, PIP, RA, TE, GM, AMC, NA, MA, FOX, CTX 1

1 AM, CZ, CF, S, AN, PIP, RA, TE, NA, TMP, MA, FOX, CIP, SXT 1 91
Other 2

15 AM, CZ, CF, S, AN, AMC, PIP, RA, TE, CM, NA, NN, C, CIP, SXT 1 36
1

AM, CZ, CF, S, AN, AMC, PIP, RA, TE, GM, NA, TMP, MA, FOX, SXT
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Table 4. continued
16 AM, CZ, CF, S, AN, AMC, PIP, RA, TE, FEP, ATM, NN, MA, CAZ, FOX, CTX 1 1.8
Total 55 100
Amikacin (AN); Amoxicillin/ Clavulanic acid (AMC); Ampicillin (AM); Aztreonam (ATM); Cefamandole (MA); Cefazolin (CZ); Ce-
fepime (FEP); Cefotetan (CTT); Cefotaxime (CTX); Ceftazidime (CAZ); Cephalothin (CF); Cefoxitin (FOX); Chloramphenicol (C); Cipro-
floxacin (CIP); Gentamicin (GM); Imipenem (IPM); Nalidixic acid (NA); Piperacillin (PIP); Rifampin (RA); Streptomycin (S); Tetracycline
(TE); Trimethoprim/Sulfamethoxazole (SXT); Tobramycin (NN); Trimethoprim (TMP)

Table 5. Antimicrobial resistance profiles of Escherichia coli isolated from inland pollution sources

No. of antimi- Antimicrobial resistance patterns No. of iso- Tgtal
crobial lated strain (%)
CF, PIP,RA, TE 1 2
4
CF, RA, TE, FOX 1 (2.2)
CF, RA, TE, PIP, FOX, CTX 1
6 CF, RA, TE, AM, CZ, FOX 1 4
CF, RA, TE, AN, NA, CIP 1 (4.3)
CF,RA, TE,AM, CZ, S 1
CF, AN, RA, AM, CZ, S, TE 1
; CF, AN, RA, CZ, S, TE, FOX 1 6
CF, AN, RA, S, PIP, MA, TE 1 (6.5)
Other 3
CF, RA, AM, CZ, S, AN, PIP, TE 3
o CF, RA, AM, CZ, AN, NA, PIP, TE 1 16
CF,RA, CZ, S, AN, PIP, MA, TE 1 (17.4)
Other 11
RA, AM, CZ, CF, GM, AMC, PIP, TE, CIP 1
o RA, AM, CZ, CF, GM, S, AN, TE, FOX 1 21
RA, AM, CZ, CF, GM, S, AN, PIP, TE 1 (22.8)
Other 18
CZ, CF,RA, TE, AM, GM, S, AN, AMC, CTX 1
0 CZ, CF,RA, TE,AM, GM, S, AN, PIP, C 1 16
CZ, CF, RA, TE, AM, GM, AN, PIP, MA, C, FOX 1 (17.4)
Other 13
AM, CF, AN, RA, TE, CZ, GM, S, PIP, MA, FOX 1
AM, CF, AN, RA, TE, CZ, NA, PIP, ATM, NN, MA 1
B AM, CF, AN, RA, TE, CZ, GM, S, PIP, ATM, NN, MA 1 %(98)
Other 6
AM, CZ, CF, AN, PIP,RA, TE, S, NN, MA, CAZ, FOX 1
i AM, CZ, CF, AN, PIP, RA, TE, S, TMP, FOX, SXT 1 5
AM, CZ, CF, AN, PIP, RA, TE, S, NN, FOX, CTX, CIP 1 (54)
Other 2
CZ, CF, PIP, RA, TE, AM, S, AN, NA, ATM, NN, MA, CAZ 1
3 CZ, CF, PIP, RA, TE, AM, GM, S, AN, NA, NN, C, SXT 1 5
CZ, CF, PIP, RA, TE, S, AN, NN, MA, CAZ, C, CIP, SXT 1 (5.4)
Other 2
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AM, CZ, S, AN, RA, TE, CF, GM, AMC, NA, PIP, MA, C, FOX 1
14 AM, CZ, S, AN, RA, TE, CF, AMC, PIP, NN, MA, C, FOX, SXT 1 (333)
AM, CZ, S, AN, RA, TE, CF, GM, AMC, NA, PIP, NN, MA, CAZ 1
AM, CZ, CF, S, AN, NA, PIP, NN, RA, TE, SXT, GM, TMP, MA, CIP 1
15 AM, CZ CF, S, AN, NA, PIP, NN, RA, TE, SXT, GM, TMP, C, CIP 1 (333)
AM, CZ, CF, S, AN, NA, PIP, NN, RA, TE, SXT, ATM, MA, CAZ, C 1
17 AM, CZ CF, GM, S, AN, AMC, FEP, NA, PIP, TMP, NN, MA, CAZ, RA, TE, SXT 1 (111)
18 AM, CZCF, GM, S, AN, FEP, NA, PIP, TMP, ATM, NN, MA, CAZ, RA, TE, FOX, CTX, SXT 1 (111)
Total 92 92 (100)

Amikacin (AN); Amoxicillin/ Clavulanic acid (AMC); Ampicillin (AM); Aztreonam (ATM); Cefamandole (MA); Cefazolin (CZ); Ce-
fepime (FEP); Cefotetan (CTT); Cefotaxime (CTX); Ceftazidime (CAZ); Cephalothin (CF); Cefoxitin (FOX); Chloramphenicol (C); Cipro-
floxacin (CIP); Gentamicin (GM); Imipenem (IPM); Nalidixic acid (NA); Piperacillin (PIP); Rifampin (RA); Streptomycin (S); Tetracycline
(TE); Trimethoprim/Sulfamethoxazole (SXT); Tobramycin (NN); Trimethoprim (TMP)
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