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Antimicrobial Resistance of Escherichia coli Isolated from QOysters
Crassostrea gigas and Major Inland Pollution Sources in the Jaranman-
Saryangdo Area in Korea

Ji Young Kwon, Soon Jae Kwon, Ji Hye Yang, Jong Soo Mok!, Sang Hyeon Jeong, Kwang-Soo Ha,
Hee Jung Lee and Yeoun Joong Jung'*

Southeast Sea Fisheries Research Institute, National Institute of Fisheries Science, Tongyeong 53085, Korea
'Food Safety and Processing Research Division, National Institute of Fisheries Science, Busan 46083, Korea

This study evaluated the abundance and antimicrobial resistance of Escherichia coli in oysters Crassostrea gigas and
major inland pollution sources sampled in 2014-2015 from Jaranman-Saryangdo on the southern coast of Korea. The
ranges of the geometric mean of E. coli concentrations in oysters and major inland pollution sources were <20-29.8
MPN/100 g and 7.5-137.2 MPN/100 g, respectively. We isolated 247 strains of E. coli (28 from oysters and 247 from
major inland pollution sources) and examined the antimicrobial resistance patterns of all isolates. Isolates from both
sources were highly resistant to rifampin (99.5-100%) and cephalothin (70.8-78.6%). The resistance rate was higher
in E. coli isolated from oysters those from inland pollution sources. Multiple resistance against at least four antimi-
crobials was observed in 85.7% and 21.0% of the oyster and major inland pollution sources isolates, respectively.
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H] e Hofoll A o A ARg-of whE W e A Y
Al Wdsie At 52 i 2= de] AR AL itk
(Levin et al., 1997; Lee et al., 2018; MFDS, 2019b). %] {3
okt A HOH ol 5, i FAE A g Fol A HEH EHZH?L %
ofl= Ao WS 7H ol e HL glen, ol 5
o= tAWAES 7H diat e 1ol HarE Al Sltk(Son et
al., 2009; Park et al., 2013; Jo et al., 2016; Kwon et al., 2016;
Ryu et al., 2017; Kwon et al., 2018).

P Aol BB ey A2 e B ok
2 194040} H20] GAAIQl T AR AR at H5E
ol 4:re: 7relAeke] A =7} s ek el Al
ARGl whE W=t A Bl i ot 28-S A 'Rl gl
ASHAH oo oS Uetlie], APLE S7F A =7 |7E
A%, o En| A & FER A 2 Yol HHA oJsta o
21} ALe]F 0 2 A ZkeE 24| 7} |31 QT WHO, 2014; Lee et
al., 2019). WHO (world health organization)oi| A]+= A U
9] 28 991 A o] 2 goleka AAJskT glon, )
L A Sl 55 AL, AF, B 5 A o) tere 7

= So Hatrich, Aol S5kl Folxl AR ¢
73] ol - thAREA] 92 AFEl = vl E o] §4 e S Bl
AL 5 AARACR S fUR A= A

o A= mAES] A WS A7 WAd+te] &
AL A EH Y] Hole g & Q’ ItHKummerer,
2009; Moura et al., 2014).

ofof & AAtoll A= Esalidtel 1At -2jutete Wﬁ/‘“"
= FA R AR sl ool A BAibe =3 sl <
o] Fa e dds ez oue| o A w7t He EHXJ

«1 HEE, A s 71 “4%%&94 i A
Ak & A5 A= A Wt o= R E
Hosl7 1 HOM a FA|(HAEA 5, A

5, S Ak, *ﬁ‘%«loh“oﬁj?’ﬂ)
—}7]- tﬂ—/\ﬂxﬂ LH/H J}ﬂtﬂxﬂ(z()]@
2020y ¢} x4 4 J% IQP AABE pAbEore] A
dat AAAIA et E WA E S SR V| 2AR R B8
2 4= 9)S Ao t(KCDC, 2016).
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A I(Fig. 1), 2A717121 20149 195 20154 129
A AR Y 18], 30 S0 ARt 274 19

1o

128.20 E
L

128.25E
L

L~k

Fig. 1. Sampling stations of oysters (®) and major inland pollution

sources (m) in the Jaranman-Saryangdo area

ALk, FAON A & S 7o) Mol Wt
H]Jddl(whirl-pak bags, Nasco International Inc., Janesville,
WI, USA)oll &L, 58 e AlEe e Aol AHst
o] 10°C o|3t2 FA|sHHA APHZ 29 & A7lof AR

HAE D Al

WA A Al E-2 laboratory pocedures for
the examination of sea water and shellfish (APHA, 1984) 5
Hol| Fsho] AAISHT 7 9 SAeHY AlRe] FGAl
o= lauryl sulfate broth (Difco, Detroit, MI, USA)E A&
5to] 35+0.5°C, 24-48A17F wiFstlaL, Aol bril-
liant green bile lactose broth 2% (Difco, Detroit, MI, USA)
9 E. coli broth (Difco, Detroit, MI, USA)E Alg-s}o] 2+z¢
354+0.57C, 24-48A]17F 2 44.5+0.2°C, 24A|1 7 vljoFskich of
A3 9 B S0 ARTe AgHe Heke
(most probable number, MPN)= AF&310] 100 g F+= 100 mL
g MPN (MPN/100 g, MPN/100 mL) 2.2 A3} ¢t}
= Al & 22l8d

= A 29 At AIFL IS0 (2015)0] F5to] AAIsHI)
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eH7kgk ol| 0.1% peptone 3|45 H7iste] skt &
minerals modified glutamate medium (Oxoid, Basingstoke,
UK)oll - vlF37 £ 1°C, 24A17H)31o] A (yellow) o =2 T+
o] %] Hj ¥l tryptone bile x-glucuronoide agar (Oxoid, Bas-
ingstoke, UK)ol| EA1 vjofalth(44 + 1°Coll A 22+£2 A7H).
i FA T} M (blue) = AH5A Z2h(blue-green colony)S
A7t vkl th A+t A o= TSk T A= 100g S
MPNO & ¥ A|3}4t.

S/4eGY ARS] et AlE> APHA S A7 ¥
Sto] ARg-SESATE T A o] S A 9| E. coli broth of| 4]
Aoz BholE okl tryptone bile x-glucuronoide agar
(Oxoid, Basingstoke, UK)ol| &A1 wfjoFsto] A E= A=
A RehE A3 wjokal e it AR st O 4
FH= 100 mL & MPNO.2 EA5H3th 211240 9 A2
oA AEE AN E= F=A o] Feke #e vjef = VITEK
(Biomerieux, Marcy, France) 2.2 |5 21- 5431t}

A Y Al

=2 S Y AlRollA 22 T =] A W
4 shelofl= Acar and Goldstein (1991)2] t] A= SFAHHL: o]
L5101, U4 9] 342 Clinical and Laboratory Standards
Institute (CLSI, 2017) 7|&2 27 & sttt tidt 2elot5
+= muller hinton broth (BBL, Sparks, MD, USA)°{| %<, f
F(35°C, 18-24417h)3} wljofel o] €7} McFarland No. 0.5
A7t B Z=E 343t & muller hinton IT agar (BBL, Sparks,

Shs

o

tgato] A WA 607

MD, USA) B#to] =sial wjgfelo] FHms A2
A SEZEARE T 15+ ool FYA] H2~(Sensi-disc,
BBL, Sparks, MD, USA)S ¥t T2HA| A} A=
amikacin(30 pg, AN), amoxicillin/clavulanic acid (20/10 pg,
AMC), ampicillin (10 pg, AM), aztreonam (30 pg, ATM), ce-
famandole (30 pg, MA), cefazolin (30 pg, CZ), cefepime (30
pg, FEP), cefotaxime (30 pg, CTX), cefotetan (30 pg, CTT),
cefoxitin (30 pg, FOX), ceftazidime (30 pg, CAZ), cephalo-
thin (30 pg, CF), chloramphenicol (30 pg, C), ciprofloxacin (5
pg, CIP), gentamicin (10 pg, GM), imipenem (10 pg, IPM),
nalidixic acid (30 pg, NA), piperacillin (10 pg, PIP), rifampin
(5 ng, RA), streptomycin (10 pg, S), tetracycline (30 pg, TE),
tobramycin (10 pg, NN), trimethoprim (5 ng, TMP), trime-
thoprim/sulfamethoxazole (1.25/ 23.75 pg, SXT) 5 2452
AREslTE A 235 312FA1 7] muller hinton 1T agar
(BBL, Sparks, MD, USA) -2 35°Col|A] 16-18A]7F uljoF
St & 4] A gl ti(inhibition zone)2] F7]E A4 3+o] YA
WA S skl ow, U Al A kel A=yt (quality
control)&= 3221 E. coli ATCC 25922 o]-g-s}o] CLSI
ol A 7743t 5185 9](quality control range) S &+¢15}+Si T, &)
A W AR AT 12 Fel o] chAA A MAR
(multiple antimicrobial resistance) index = L}EF %137, MAR
index+= Aol AREE & A ol tigt e Uetdi=
SHAA| 429 v]& 2 AR cH(Krumperman, 1983; Titilawo
etal., 2015).

Table 1. Bacteriological examination results of oysters Crassostrea gigas and major inland pollution sources in the Jaranman-Saryangdo area

Detection Range (MPN/100 g or 100 mL)

Samples Station - - - No. of samples
Total coliform Fecal coliform E. coli
0O-1 <18-230 <18-20 <20-<20 17
0-2 <18-490 <18-20 <20-20 7
0-3 <18-220 <18-170 <20-170 16
Oyster
0-5 <18-790 <18-130 <20-130 22
0-6 <18-130 <18-78 <20-80 10
o-7 <18-230 <18-78 <20-80 12
Total <18-790 <18-170 <20-170 84
J-1 240-7,900 4.0-790 3.6-17 8
J-2 13-4,900 2.0-1,600 3.6-23 8
J-3 23-11,000 <1.8-540 5.5-17 8
) J-4 240-54,000 33-3,300 1.8-110 8
Inland pollution source
J-5 11-7,900 <1.8-2,200 10-170 8
J-6 70-240,000 2.0-35,000 2.0-13,000 8
J-7 700-24,000 13-7,900 13-170 7
J-8 330-24,000 49-7,900 11-140 7
Total - 11-240,000 <1.8-35,000 2.0-13,000 62
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ARHAREE 3| of| A A = 2] Altsha A= 3
7¥s17] 915ke] 20149 195E 20159 129714] 67]2] ZAHA]
Aol A 2T 8471 2] & A BE O E tigatt, A
At W s eI Ao, EHAN S it
W= ZH2F <1.8-170 MPN/100 g, <20-170 MPN/100 go] %}
31(Table 1), 2] 718}8+2] HH(geometric mean) L 7|
Atz Wl B.010] 90E A FH(estimated 90th percentile)?] H$j=
Z}7+<20-29.8 MPN/100 g, <20-65.5 MPN/100 g 2 tfAh+t
= HIEE A FAI] &Y e WATHFig. 2). S-2uet
ol A= A48 =l thsto] th=to] 230 MPN/100 g ©|5}e]
ojof 311 700 MPN/100 g& =18k A|27} glofof shrfal
THA438FL 31 2 (MOF, 2015; MOF, 2018; MFDS, 2019a), &
Aol A= 7Y g+t 2 A=of wet g AYiks S 9
Sa(A, B, O)xf A Ao 15 12581 QITHEC, 2015). 3 ¢
oA e AT H a2 AP Bt AR T 7 Al
©] 80%7}+ th7dwt4=230 MPN/100 g ©|5H31 8l 9 (R 37 Al
7700 MPN/100 g ©]3}) 0 2 A A5 al| <ol 4] ABARE o
T 8 SAAFHAA), Est, Bzt 7hs stk 35 Al
9] 90%7} AT 4,600 MPN/100 g o] 82l 8¢ (RE )
F A&+ 46,000 MPN/100 g ©|3h)2> B3 3|9, AAE =
+ 35 Al =9 td=tgko] 46,000 MPN/100 g ©]5}3] 3 -2
C 5a 924 Be C 5 s oolA BAbe aife HE
Al 01-3% 3 depuration) = A A SKrelaying) 3 <3517
U sele oz ARAY(THE, 7H &) $ Hrfjsteiof gt
o} 2 AL ZAPA I ARIARFE 3|9 9] Zo A HEE o
At 25 170 MPN/100 g ofshz 8 Agre] 7]l wt
2} 2k 3 SA] A FH (A E w7t s g As S sl ol Al
AR ol AL, el A Fo 7)ol ARt A
© &2 RIE ot

AATRALFE 3| =1 vjaf-of] Q2|3 8740 8 &
Fedd AR 627104 Elgt EA A E i ta=9
H o= ZH2F <1.8-35,000 MPN/100 g, 2.0-940 MPN/100 g9]
% TH(Table 1). that4=2] 7]6F8H4] ot B AARE ¥l59] 9]
90 A Zke] W 9| 7k7} 7.5-137.2 MPN/100 g, 17.5-4,846.1
MPN/100 g© 2 J1 (W]g3), )2 (A5-3), I3 (=) A5l
Ao A L oFF WOkl J6 A (S ukE B1R) |
A 71 =34 thFig. 2). J6 A 3-& - ZnkE Q17 E A o ¢
ol YA|skaL Qlof o] e pr) o] fiu= o s
ZALGA Ol B9 aEnkE T Q1 kol mREakA 2l
o] 7Hg = AL QU] §E3L7] wiiZell(2013'd 23, 2016 23 1]
A2 AAA, Theite, AR o T ERE 2R 2
AEdEo] A4 FEo] Y] L A% A vehd A
O 82 FRE T ALY R QIH 20147 2015 FA] S

S ZAS = =z
F - 53 - 0|3y - Hds
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Fig. 2. Level of E. coli of oysters Crassostrea gigas and major in-
land pollution sources in the Jaranman-Saryangdo area
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AFAAREE s oA AT 28471 S Hd A=
(6270)0ll A tigtol HEd AlEe 42 2271(26.2%), 4370
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Table 3. Antimicrobial resistance of E. coli isolated from oysters
Crassostrea gigas in the Jaranman-Saryangdo area

No. of isolates (%)

Antimicrobial agents - - -
Susceptible Intermediate Resistant

AEE|QIrh(Table 2). tigo] AEH AR M= S 24705 Penicilins
= 281, SAT O F Y 21945) 9] A S Eel8l AL, Ee Ampicillin (AM) 6 (21.4) 8(28.6) 14 (50.0)
o it Ao 2450 A thgt W/ Al A= Piperacillin (PIP) 12 (429)  2(7.1)  14(50.0)
Z}7} Table 33} Table 4¢f Ve STt B-Lactams
=OlA efet tgat 283t B rifampin (100%)°] Amoxicillin/Clavulanate
3t WAS UERY 9 cephalothin, cefepime, ceftazidime, (AMC) 26(929)  2(71) 0(0.0)
tobramycin®f] tal A+ 64.3-78.6%, ampicillin, piperacillin, Cephems
tetracycline?fi= 50%2] w7} Ui /d-S LEFH 21514, amoxi- Cefamandole (MA)  22(786)  2(7.1) 4 (14.3)
cillin/clavulanate, cefotaxime, cefoxitin, imipenem, amikacin Cefazolin (C2) 26 (92.9) 4(143) 4(143)
of thgt WAL el w] R 9kgktt. 18|31 cefotaxime, cefoxi- ' ' '
tin, imipenemol] JEIAIS BLE T2} 71424 (100%) S Lheb Cefepime (FEP) 9(32.1) 0(0.0) 19 (67.9)
W13z, amoxicillin/clavulanate, gentamicinoll = 267)9] #3 Cefotaxime (CTX) 20(71.4)  4(143)  4(143)
(92.9%)7} 7+4=49-& VERY Sl th(Table 3.). Cefotetan (CTT) 28 (100.0)  0(0.0) 0(0.0)
o)A 9] ATLATE AHEWH 2011HFE 2012¢7HA] H3f Cefoxitin (FOX) 28(100.0) 0(0.0) 0(0.0)
ok 370 AY(ALE, o=, Fel) o] s (=, HHAE, 2 27H)oll Al Ceftazidime (CAZ) 9(321) 0(0.0) 19(67.9)
223ttt W/dE=2 tetracycline (29.9%), streptomycin Cephalothin (CF) 2(7.1) 4(14.3) 22(78.6)
(25.5%), ampicillin (18.6%) <=2 2 =3k31(Park et al., 2013), Monobactams
20131858 2015974 Aaiebe] 52, vhxe, 7hehol
A B2)3t -2 ampicillin (37.2%),( cephalothin (21.70)4), Aztreonam (ATM) 23(621) 21 3(107)
Penems
Imipenem (IPM) 28 (100.0) 0 (0.0) 0(0.0)
Table 2. Number of E. coli isolated from oysters Crassostrea gigas . .
and inland pollution sources in the Jaranman-Saryangdo area Aminoglocosides
— st No.of No.of positve No.of Amikacip .(AN) 22(786)  6(214)  0(0.0)
samples samples (%) isolates Gentamicin (GM) 26 (92.9) 1(3.6) 1(3.6)
01 17 0(0.0) 0 Streptomycin (S) 10 (35.7) 10(35.7) 8 (28.6)
0-2 7 2(28.6) 6 Tobramycin (NN) 10(35.7)  0(0.0)  18(64.3)
0Bt e
: Rifampin (RA) 0(0.0) 0(0.0)  28(100.0)
0-6 10 2(20.0) 4 )
Tetracyclines
0-7 12 7 (58.3) 6 .
p— - o 22.(262) o8 Tetracycline (TE) 13(46.4)  1(3.6) 14 (50.0)
J-1 8 6 (75.0) 30 Quinolone and fluorogquinolones
J2 8 6 (75.0) 25 Ciprofloxacin (CIP) 19 (67.9) 2(7.1) 7 (25.0)
3 8 5 (62.5) 25 Nalidixic acid (NA) 17(60.7)  0(0.0)  11(39.3)
Inland pollution ~ J-4 8 5(62.5) 29 Phenicols
source J-5 8 5 (62.5) 27 Chloramphenicol (C) 18 (64.3) 1 (3.6) 9(32.1)
J-6 8 6 (75.0) 28 Folate pathway inhibitors
J-7 7 5(71.4 26 i i
J-8 7 5 271 _4; 29 EBE%Z?ESQ/ZOIE} (SXT) 18 (64.3) 0(0.0) 10(35.7)
Subtotal - 62 43 (69.4) 219 Trimethoprim (TMP) 18 (64.3) 0(0.0) 10 (35.7)
Total - 146 65 (44.5) 247
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cefazolin (19.9%) <02 YAES Uehflon dajet 371
A3t 2] tetracyclin®l] gt W& 4% =0 & Wkt
(Jo et al., 2016; Ryu et al., 2017). 20143} 2015 of] 124
HEZ), TIAER), AAAEE)l Hotar = dafiet
SHEE o9 9] ZollA] el o] WAE-2 rifampin
(100%), cephalothin (73.2%), cefepime, ceftazidime, tobra-
mycin (71.4%) =S 2 ==, ol ke AebAlRE
© sheje] FolM el ool WA AR 8 1t
Eftl= Zlo| )tk e ARHAREE 3| o] ol A et
hAE2] 50%7F ampicillin, piperacillin, tetracyclineof| i3]
WS Hebd vk, 8E sl o] ZoflA e it
2 0|5 3%9] gt UAEo] 10.7-14.3%2 SUTHKwon et
al.,, 2018). o]/Fe] Aol A st} Haiete] sfFol A 22
S tjA2] ampicillin, piperacillin, tetracyclinef] Tt YA E
2 afeloll i Ffol7k 9171 SRt FHasHs AL ek,
cephalothin?} 22 cephems| Ao et WA ES S71
Skl 9l ERlIgk 4= St

AFARE e 31 O] S/ Aol A &gt =+ (219
) E3F FollA Eefgt o 2ef A & rifampin (99.5%)
7} cephalothin (70.8%)°] thall =2 W/dES UEFH S, tet-
racycline (17.8%), streptomycin (17.4%), ampicillin (16.9%),
piperacillin (12.8%) =22 WA-& YEFYULE o] 65 0] ¢
18%-2] gHAYA ol gt WA E2 0.5-8.7%= Wkl amoxicil-
lin/clavulanate, cefepime, cefotetan, ceftazidime, imipeneme]|
il A= 95% o1/de] 7S Ut $ek(Table 4.). 2 ¢1+
Aneb= G| AR AATRALEE 8o 0] = S
L AAAAN, FBAl, LT 24 5P W mhEskp)oll A &
2] 3t td=to] WA siEof thet Aol A= tetracycline
(10.6%)°ll Thet W/dEol 7H =34 o FAES] WA
E 5% olstolAY Wi UehAl ke m(Park et al,
2018), ‘el A s o] SAF e H Yol A FEelgt = tet-
racycline™} ampicillino]] tjgt W A-Eo] 7173 =Qttia Ry
o] thKwon et al., 2016). ZHY SH4 = 592 SAFC
Ao A Bagt i Aut2] WAE-L rifampin (99.4%), cephalo-
thin (69.9%)°ll Al &=L U 2] YA S| HEES20% ©]
SFckal ¥ skl Qt(Kwon et al., 2018).

2014143} 201559] ARAEE shelol ] ATt B3t @
QY AR ooz 8 ATAT, PAAE WAIEL &
Fedd AlmE ZollA =4 Uehed ol= olE/de] §f
+ 357o] S0 ot Aor S GUoA FdEE A
A7F 78] ol Al 3 Fofl 2 ¥7] wfZo]tH(Grimes,
1991; Feldhusen, 2000). wh2bA] 3572} SAF A A4 £
Sk o=t o] WA s A o] JbRshe Ao SRek &
(Kim et al., 2008; Jang et al., 2017; Lee et al., 2017), 3 & =
-9 o] d WA Ted s of Qlh(Peak et al., 2007;
Ferreira et al., 2007; Reinthaler et al., 2010).
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Table 4. Antimicrobial resistance of E. coli isolated from major
inland pollution sources in the Jaranman-Saryangdo area

No. of isolates (%)

Antimicrobial agents - X -
Susceptible Intermediate Resistant

Penicillins

Ampicillin (AM) 101 (46.1) 81 (37.0) 37 (16.9)

Piperacillin (PIP) 108 (49.3) 83(37.9) 28 (12.8
[-Lactams

amoxtailin/ avc)  208(@50)  4(18)  7(32)
Cephems

Cefamandole (MA) 197 (90.0) 6 (2.7) 16 (7.3)

Cefazolin (CZ) 183(83.6) 17 (7.8) 19 (8.7)

Cefepime (FEP) 218 (99.5) 0(0.0) 1(0.5)

Cefotaxime (CTX) 167 (76.3) 38(17.4) 14(6.4)

Cefotetan (CTT) 215(98.2) 2(0.9) 2(0.9)

Cefoxitin (FOX) 202 (92.2) 5(2.3) 12 (5.5)

Ceftazidime (CAZ) 216 (98.6) 0(0.0) 3(1.4)

Cephalothin (CF) 16 (7.3) 48 (21.9) 155 (70.8)
Monobactams

Aztreonam (ATM) 194 (88.6) 19(8.7) 6 (2.7)
Penems

Imipenem (IPM) 217 (99.1) 1(0.5) 1(0.5)
Aminoglocosides

Amikacin (AN) 188 (85.8) 29(13.2) 2(0.9)

Gentamicin (GM) 200 (91.3) 8 (3.7) 11 (5.0)

Streptomycin (S) 84 (38.4) 97(443) 38(17.4)

Tobramycin (NN) 201 (91.8) 8 (3.7) 10 (4.6)
Ansamycins

Rifampin (RA) 1(0.5) 0(0.0) 218(99.5)
Tetracyclines

Tetracycline (TE) 62(28.3) 118(53.9) 39(17.8)
Quinolone and fluoroquinolones

Ciprofloxacin (CIP) 205 (93.6) 7(3.2) 7(3.2)

Nalidixic acid (NA) 160 (73.1) 44 (20.1) 15(6.8)
Phenicols

Chloramphenicol (C) 204 (93.2) 6 (2.7) 9(4.1)
Folate pathway inhibitors

T e o 21 018 208) 1603

Trimethoprim (TMP) 197 (90.0) 5(2.3) 17 (7.8)
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20143} 2015 = of] Thafjgfo] ok =-ARE A=
penicillin7], tetracyclineZ] & cephems#]| € 2] FAUAZ peni-
cillinA| 2} tetracycline ] A= 20061 |5 Hufj=Fo] i
Sl A1 HEFHAIRE cephemsA| & 9] A ol Sul
S7kekqict. e ar 4o 4] ¥ 2l gt tetracycline
7} streptomycin®]] et WAEC] =AU T Fl 9 W
452 (fluoro) quinolones#| &AYA|21 ciprofloxacind} nali-
dixic acid, cephem7| 334 ¢] cephalothinol| A =7 Vhebsk
tH(MFDS, 2015; MFDS, 2016). I3+ 2002 F-E] 2013714
U % A AHES penicillin A Qo] 714 TRk theo.
2+ cephem A A o] A=l cephem A2 YA 2] ARG-FF22
vlj o]} Z7Fekl o™ 104] mlRte] A-ofef 604 0] 4e] =5
o A= penicillin A/Q Rt  @o] AR5 31 QITH(Kim et al.,
2016; Kim et al., 2017; Lee et al., 2019). ©}2}A A}FHEAF
T ol A el gk thdat o] WA sl AL iRl o) |
B RAF AR S ARE 3A8A O] T, 7R o] B
& hgto WaE 5% A A2 E flol A A AR
Zat felo] Qle Ao AbmE, o9 A W At

o
o

Shs

tgato] A WA 611

R et WA 24 st T LFd =424
(source tracking) W WA Q1=}2 0]
was]ofof o Zlo|ct.

CH&Eo| CHAILEA

oA ] A U A AL e ool A,
55| AN Y] @8- A Wi o] 7 lofH
Copel A ] A2 CHAL o] -2 Z7hAA ©Jta]
o2} AEH 02 B} E 3 gic. ofo] 2 QoA Ak
UM sjele] 27} SAReARlolA] Ralw dhas o
© 7 4% o|Ako] gHAA o WA el ohA W Al (multiple
antimicrobial resistance, MAR) T8l 2} MAR index& &-915}
% tH(Table 5, Table 6). A& ol AFEE 2 YA 5=l et U
3 Uetll= A -9 Bl &= Al4ME = MAR index+= &
Aol ogt eH 2 o] A= E Whdste] FA8A| ARgol wE
A Q1 A7 918l = F 7ol A= MAR index7} 0.2 .t}
Atk A2 A LGl gt 91F o] EARIT= ZE ov
SoH(Krumperman, 1983; Titilawo et al., 2015).

Table 5. Multiple antimicrobial resistance (MAR) of E. coli isolated from oysters Crassostrea gigas in Jaranman-Saryangdo area

No.. OT . Resistance patterns .No. of T‘;’ta' .MAR
antimicrobials isolates (%) index
. S 3. 1071 004
2 CRRA 1357 008
5 PIP, RA, TE, SXT, TMP 1 3.57 0.21
FEPRCAZCENNRA 3.t T
6 AM, PIP, CF, RA, TE, NA 1 3.57 0.95
FEPRCAZ CENNRAC A 29 T
AM, PIP, S, RA, TE, SXT, TMP 2 7.14
7 FEP, CAZ, CF, S, NN, RA, TE 1 3.57 0.29
FEPCAZ CENNRANAC 35T
9 AM, PIP.FEP, CAZ, CENN.RANAC 1357 038
AM, MA, CTX, CAZ, CF, ATM, RA, TE, SXT, TMP 1 3.57
AM, PIP, CZ, FEP, CF, S, RA, TE, SXT, TMP 1 3.57
10 AM, PIP, FEP, CAZ, CF, NN, RA, TE, NA, C 1 3.57 032
S AM, PIP, FEPR, CAZ, CF, NN, RA CIP NA G e SRR L A
8o AM, PIP, FEF, CAZ, CF, S, NN, RA,TE, CIP, NA, SXT, TMP. e RN 1. A . A
M. AM, PIF, FEF, CAZ, CF, S, NN, RA, TE, CIF, NA, G, SXT, TMP .. i 30708
AM, PIP, MA, CZ, FEP, CTX, CAZ, CF, NN, RA, TE, CIP, NA, SXT, TMP 1 3.57
AMPIP.MA CZ,FEP CTX, GAZ, CF,ATM, S, NN, RATE, CIP, NA, BT
17 AM, PIP, MA, CZ, FEP, CTX, CAZ, CF, ATM,GM, NN, RA, TE, CIP, NA, SXT, TMP 1 3.57 0.71
28 100

AM , Ampicillin; PIP, Piperacillin, AMC, Amoxicillin/ Clavulanic acid; MA, Cefamandole; CZ, Cefazolin; FEP, Cefepime; CTX, Cefo-
taxime; CTT, Cefotetan; FOX, Cefoxitin; CAZ, Ceftazidime; CF, Cephalothin; ATM, Aztreonam; IPM, Imipenem; AN, Amikacin; GM,
Gentamicin; S, Streptomycin; NN, Tobramycin; RA, Rifampin; TE, Tetracycline; CIP, Ciprofloxacin; NA, Nalidixic acid; C, Chlorampheni-

col; SXT, Trimethoprim/ Sulfamethoxazole; TMP, Trimethoprim.
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Table 6. Multiple antimicrobial resistance (MAR) of E. coli isolated from major inland pollution sources in Jaranman-Saryangdo area

No: of . Resistance patterns .No. of Tgtal .MAR
antimicrobials isolates (%) index
1 GM 1 046 0.04
S 48 2192
AM, RA 3 1.37
PIP, RA 1 0.46
CTX,RA 1 0.46
5 CF, RA 82 37.44 0.08
S, RA 1 0.46
RA, TE 1 0.46
RA, CIP 1 0.46
R, SXT 1,046
AM, CF, RA 6 274
PIP, CF, RA 3 1.37
MA, CF, RA 3 1.37
FOX, S, RA 1 0.46
: CF, AN, RA 2 091 043
CF, S,RA 7 320
CF, NN, RA 1 0.46
CF,RA, TE 7 320
CF, RA, NA 1 0.46
S RALTE 209
AM, PIP, CF, RA 1 0.46
MA, CTX, FOX, RA 1 0.46
CZ, FOX, CF,RA 1 0.46
4 CTX, CF, S, RA, 1 0.46 0.17
CF, S, RA, NA 2 091
CF, S,RA TE 1 0.46
CF, RA, TE, CIP 1 0.46
e L= 209
AM, PIP, CF, ATM, RA 1 0.46
AM, AMC, CZ, CF, RA 1 0.46
AM, CZ, FOX, CF, RA 1 0.46
5 AM, CZ, CF, NN, RA 1 0.46 0.21
AMC, CZ, CF,RA, TE 2 091
CZ, FOX, CF,RA, TE 1 0.46
CF, S,RA TE, C 1 0.46
IPM, RA, TE, SXT, TMF 1 0.46

AM , Ampicillin; PIP, Piperacillin AMC, Amoxicillin/ Clavulanic acid; MA, Cefamandole; CZ, Cefazolin; FEP, Cefepime; CTX, Cefo-
taxime; CTT, Cefotetan; FOX, Cefoxitin; CAZ, Ceftazidime; CF, Cephalothin; ATM, Aztreonam; IPM, Imipenem; AN, Amikacin; GM,
Gentamicin; S, Streptomycin; NN, Tobramycin; RA, Rifampin; TE, Tetracycline; CIP, Ciprofloxacin; NA, Nalidixic acid; C, Chlorampheni-
col; SXT, Trimethoprim/ Sulfamethoxazole; TMP, Trimethoprim.
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No. of
antimicrobials

Resistance patterns

No. of Total MAR
isolates (%) index

AM, PIP, CF, S, RA, TE, 1046
AM, PIP, CF, RA, TE, NA 1046
6 AM, AMC, CZ, FOX, CF, RA 1046
AM, PIP, CF, RA, TE, NA 1046
P T S R 1046
AM, PIP, AMC, CF, S, RA, TE 1046
AM, PIP, CF, GM, S, RA, TE 1046
7 AM, CZ, FOX, CF, S, RA, TE 2 091 029
PIP, MA, CTX, CTT, FOX, CF, RA 1046
CF,RATE,CP,NASXTTMP 1046
AM, PIP, CF, S, RA, TE, NA, C 1046
AM, PIP, CF, S, RA, TE, SXT, TMP 1046
° AM, PIP, CF, ATM, S, RA, TE, TMP 1 o4 0%
AM,PIP,S,RA,TE,C,SXT,TMP 1 046
AM, PIP, CF, GM, S, RA, TE, NA, SXT, TMP 1046
10 AM, PIP, CF, GM, S, NN, RA, TE, SXT, TMP 1046 042
AV, PI MA, CZ, T, O, S R X I 1046
n AM, PIP, MA, CF, GM, S, NN, RA TE NA, € 1...046 046
0 AM, PIP, MA, CZ, CTX, CF, GM, S, RA, NA, SXT, TMP 2091
AM, PIP, MA, CZ, CTX, CF, GM, S, NN, RA, SXT,TMP 1046
14 AM, PIP, MA, CZ, CTX, CF, ATM, GM, NN, RA, TE, NA, SXT,TMP 1 046 058
15 AM, PIP, MA, CZ, FEP, CTX, CF, GM, S, NN, RA, TE, CIP,NA, TMP 1 046 063
" AM, PIP, MA, CZ, CTX, FOX, CAZ, CF, ATM, GM, S, NN, RA, TE, CIP, NA, C, SXT, TMP 1046
AM, PIP, AMC, MA, CZ, CTX, FOX, CAZ, CF, ATM, S, NN, RA, TE, CIP, NA, C, SXT, TMP | 1046
20 AM, PIP, AMC, MA, CZ, CTX, CTT, FOX, CAZ, CF,ATM, S, NN, RA, TE, CIP,NA, G, SXT,TMP 1 0.46 0.83
219 100

AM , Ampicillin; PIP, Piperacillin AMC, Amoxicillin/ Clavulanic acid; MA, Cefamandole; CZ, Cefazolin; FEP, Cefepime; CTX, Cefo-
taxime; CTT, Cefotetan; FOX, Cefoxitin; CAZ, Ceftazidime; CF, Cephalothin; ATM, Aztreonam; IPM, Imipenem; AN, Amikacin; GM,
Gentamicin; S, Streptomycin; NN, Tobramycin; RA, Rifampin; TE, Tetracycline; CIP, Ciprofloxacin; NA, Nalidixic acid; C, Chlorampheni-

col; SXT, Trimethoprim/ Sulfamethoxazole; TMP, Trimethoprim.

=ollA ZeRt =t 5 24709 F(85.7%)= 4F ol
of A WAe YIS, ol Fol= 6F(cefepime,
ceftazidime, cephalothin, tobramycin, rifampin, chloram-
phenicol)®| AN Uld& Yetl= o571 7P WTKS
T, 17.9%). HAIWAS e 5 F 20712 1H5(71.4%)
= MAR index7} 0.2 ©]A+0] 1 11 (Table 5), 0] & % 0-6 A 2]
=oll A 22 g 1) wt= 1752 Aol W& UeEhi e
™ MAR index+= 0.61=2 7 &8k} 0-6 2] H-2 tiAdat
7} 714 ok SAFR 9] J6 (8L Bl A 9l
dfelo] A Elo] Qs A0 o] x| He] ol A Lalgt oy
9] Ha MAR index+= 0.53 0.2 Th2 2|3 o] FE o} &31c)

S A ollA] Eegh tiabat H 4 15004 2052 48
A esto] /g Heb $aL rifampina'} cephalothine] W/3-&
Uetll= 4571 374% (82752 7H woren, Al
W2 FEo thofolglith(Table 6). S dY ot &
TR 4671(21.0%)%] A 22 SRIE 9T chAl A<
UHEbd 5= 2 367]1¢] w5 MAR index7} 0.2 o]/l lch
oI5 T J7 (AHinkE sk Aol Al 2elet 17119] wt3== 20
9] FAA e W& vrEbio] MAR index7t 0.83.0.& 714
Eoron, $4Fe H Y 214 ok MAR index EgH 72| o]
A 7P =9k tH0.24). ti <ol L AET} thE AR H o of
=R JoA ol A Eel gt =t X 1479 Aol o
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3 WAdS UERH 22 M (MAR index 0.58), 8+ MAR index
L 0.200]2c}

2 AFAI 23 SAF AU AR A 4% o] YA ol
WS Uetd= thAIHA TS vl ZH2F 71.4%, 21.0%°]
o, FAYAIE U4 E 2N Table 3, Table 4)2} 714 2
ZollA] A Yepstth. o]8st A S sld ] A2
oA = gl = Q=tl, ZellA el i+ 5 ThAIUA
O] BlE(7.3%)> 5742 A H(26.4%) H ok A UEbd T S
QA Fefatoll A BHA WA 2 tHAl U o] A&l R
2 o] f= oIl 4] IS Sl Aol Aok FAAE F
2 oh= v 7o) g 7k B, A E B S dde
2 59 A= FAE B ol 5 At o] A ER] oY)

wold, AeHF7, A47] 5), 2AAI(EH7] §) T
o] e 23} st ] e 3FehAQl Aelad 59 @
O 2(Kim et al., 2008) theFet YA WA HE-S Ueb=
Ao AR ECE 183 Ao 710 B 52 Bl 79
9 Y] LHETE =2 A A WA L oA A
AEEE w2 A0 2 2, Alete] a3 =t A4 W
ko] At AAIE hetelr] $leliA FF AEH B
UE Rt A7t D ash Aok =35t 32 $ATelE $at
o] A+ AU AN 02 2= 1 QL= FlpA] 2 Ate] S
2 A WS nlA e BEEASHE 23 Al vhelH A 5
AESHA @ AEH9 #|Y 54 Aol = H A2 j=olct. 1
2L A U A ] RRke] A9 AESH o dE A
] ekl shA ] A 3 (HAa a5, UV At
O EE A7 B AAT 4= §l7] W2l AR Ak o
2] A Y& Ao 47} ITHNIER, 2011). whata] QF
A%t RARES AR HlallAE A=A Sl e dd
2] o} vlEo] YA WAdwtel F7Het thAlU el 2dE F
2318 4= Q= A A A7 E A WA mES] A
o7]% 7h At 4 T =7k IA o] YA T E A
-go] v p3tE]ojok & A o|t.

Al AL
O] = 2019 = Areh] AR AEALY] S Tf
7 AR @ ARE QA 2 AHR2019050)2] 2| Qo2 523

H Aol AtH] Z ol ZhAF =yt
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