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Antimicrobial Resistance in Escherichia coli Isolated from Shellfish
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A total of 423 shellfish (Oysters, Crassostrea gigas; short-necked clams, Ruditapes philippinarum and corb shells,
Cyclina sinensis) were collected from the west coast of Korea, from which 277 Escherichia coli strains were isolated.
The antimicrobial susceptibility patterns of isolated strains were analyzed for 22 antimicrobial agents used in Korea
for clinical or veterinary therapy. The resistance of E. coli isolates to ampicillin (37.2%) was highest, followed by
cephalothin (21.7%), cefazolin (19.9%), trimethoprim (15.2%). Antimicrobial resistance was present in 56.7% of E.
coli isolates against at least one antimicrobial agent. Of 277 isolates, 44 (15.9%) were resistant to multiple antimi-

crobial agents.
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Sautetoll A wfR= 917F 400 E o]Afo] AYAbE T, F 4=
ARE AYARRFO] 14.3%E AR5kl Qlom = | A5

Al glolA= ¢t 2 Fa3t 54 Tild Fadolm A}
HOJTHMOF, 2013). AQtal|Hol] & AAleh= Hifes 5

2t 1gsl glof iR oRR Y foE= L HdEA 3
= A7 S 4 lom], B3 olsAdo] ALY §laz, ojapado] &
&2 &oto] HolE A H ot 54 wioll silF= 4= Soll #
froks A Alet, Blelg A 55 Aol 4] 2451 |t
(Grimes, 1991; Feldhusen, 2000). &+ ¢17L9] Z7}9} AM¢I s}
2 sto] AR A, A g 2] a Aoy THE o =
SE ajAdE 5 LA Ho] sty shdS skl s
o2 FUEOZN At s o] A of of FRkE mA| AL Stk

(Hill et al., 2006; Lee et al., 2010). 3}, 7| SH5Lo] JgFo 2
Zo0] Yo} B F 0| HE F71 WS 708 WX A B

4 edEdEE0] Ao HiFAgAtel A e m -3 E o] BY/dA
ot 9 Hpolgf o] o5l fA| 2 FE 4= Qlth(Park et al., 2011;
Park et al., 2012). o|2|3 BHA 2 HEA Foll&= Al WA
FEo| TRl glol o] SIS QAR ozt 3
PR G WAl JFS ]2 5 9L Aot}
(Chae et al., 2005; Lee et al., 2005; Jeong et al., 2010). £3]
FHAE Folrt A SEolU Al £ o= RE oFA U
dato] A o2 WEH7| = st Aoy F=oA
of gt gt A 7F 8] 4x3F F4EA] YL A E A9 7
- 2F70% Hr=7t o] ®ishA] of> AdEl = v Hrke B
%= ek (Kummerer, 2009). SHH, S-S Algo|u 552 4
Woll AAfsk= A Altd o2 RIFSHA Fof == iAo
e o] Q7] wZell F=tAlel ofgt WA &5 B ot
L W date BYEE gl lof mif- f-83t Alit ez e A
Ath(Levin et al., 1997). o] ol A &= th <t o] A
Aol et w3y 2 @7} go] o 2o 4|1 YIrChae et
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al., 2005; Lee et al., 2005; Cho et al., 2006; Kim et al., 2009).
HHH, pARRobol A= Halidh =8 o s FoFAl ol A &gt
it R A Hel ] eatoll Rt <Al WA A7
o]2o]A Q) O k(Lee et al., 2003; Son et al., 2005; Oh et al.,
2009; Park et al., 2013), A8t 788 2] o] A A]5}= ufj 7ol
A 2Rt =t o] =tAl WA oll Tk Aot vl Aol
1, Aot B ol A FYEe L HEH Y] FFS
| Aol A 9] Al /ol et e S
A 2 Aol A= S Al A AAIA ] A
7F AL Q= Al W] e E flgt 7 2AtR R
A I7FEHA A, AATH S 22 S A st
132, A3l Aol A s 7okA o] Zhdhs] o] R0
Mt A 2 EohE o]l H, 1 -SRI
St g o oo s R Aol A A
5= B - Al i 2
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A BelE 913 Al 2= 20134 695E] 2015W 6€71A]
Aot s ek Aol A FA 541 = (Crassostrea gigas), HHA|
2H(Ruditapes philippinarum) Y 772K Cyclina sinensis), %
5 0 vt s ol A= BhAlE, S EigkE o HH &
oAl 2, oA ST G AU FeloHE B} vR
e}, ekt ek g s eollA= =, BiAlE W bt A
Holl ARg-skAT
CHEZ(Escherichia col)?] 22

o

]

oA £-2]= Recommended Procedures for the Examina-
tion of Sea Water and Shellfish (A.PH.A., 1970)0] s3}o] A]
FHokIch 2, 35 2] 98374 99 200 g #5101 200 mL <]
ArelZ=-g-ol(phosphate buffer solution)g #7135t & ulaf5}al,
10 mL 2] Lauryl Tryptose broth (Difco, USA)o]l 2 mL &3}
o] 35C oA 2417k vl st iet. B eF 2 ohA] EotE U 3]E-
F3(10 uL loop)Z 10 mL2] EC broth (Merck, Germany)®]|
HE5H0] 44.5COIA] 24417 7} et F, wHawio] 7kst
R A ARTe =R E S 2Est7] 9lstel EMB
agar (Difco, USA)°]| streakd}al 35T of| A 24417t vjoFst &
&4 TS Uell&= 55 IMVIC test @ VITEK system
(BioMerieux Vitek, France)& AR8-519] Escherichia coli &
Hoioint,
A ded Al

B 549 7t iAo Al B4Ad-2 Acar and Gold-
stein (1991)2] t] A3 S-S o] g5l ek &, Be|H 2 o=
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+ Muller Hinton Broth (Merck, Germany)o| 4] 35T, 18-24 4]
ZFujoket o8 5 v oFel o] 2= = McFarland No. 0.5 3]
A 245 2 A E ot olL: ]2 1% =7} B =5 NaCl
£ A7 57 4 mme] Muller Hinton Agar (Merck, Ger-
many) g 3ol =Gl wtolfo] 74 E Muller Hinton Agar
BHE S A S FH S A & A HAE(0
8 mm)E H¥o| AZAIZITE o] wf FtA| tHAds o HF
T 158 offe]l A F o™, Al9] +tAl= ampicillin (10
ng; AM), amikacin (30 ug; AN), amoxicillin/clavulanic acid
(20 pg/10 pg; AMC), aztreonam (30 pg; ATM), cefazolin (30
ug; CZ), cefepime (30 ug; FEP), cefotaxime (30 pg; CTX),
cefoxitin (30 pg; FOX), cefotetan (30 ng; CTT), ceftazidime
(30 ng; CAZ), cephalothin (30 pg; CF), ciprofloxacin (5 pg;
CIP), chloramphenicol (30 pg; C), gentamicin (10 pg; GM),
imipenem (10 pg; IPM), nalidixic acid (30 pg; NA), pipemi-
dic acid (20 pg; PIP), rifampin (5 pg; RA), streptomycin (10
ug; S), tetracycline (30 pg; TE), trimethoprim (5 pg; TMP),
trimethoprim/sulfamethoxazole (1.25 pg/23.75 pg; SXT) &
22% 0 2 OXOIDA} A2 & u]=+ CLSI (Clinical and Labo-
ratory Standards Institute, 2012)2] A =32] 8]-8-7]5(Quality
control range)ol| EHES Bl & ahA) T AAE 744
Ao ARE-SFATE. Al tl 4235 312FA17] Muller Hinton
Agar B2 35T, 16-18A17F vt th3 w2 541 AJsfh
(inhibition zone)2] Z7]E& calipersZ ZA35} 0.0, Tr-AdL2
u]=+ CLSI (Clinical and Laboratory Standards Institute, 2012)
7S 2R BAE AT

o
Zu 9 D3

Escherichia coli®| 22

201349 695E 20159 697HA] A3t 471 A (e %
T, S EIRE, U SR W st ofl oF4E = 2197, Bt
22k 1887, 7FEeh 164 5 % 4234 O 2 HE] E. coli 27745
£ BEst=dl E. coli= 2o A 6975, vFA[ZollA] 189+
=, 7HREOA 19957 el7h e E Qleh. A g R Heldt
o] AR A R, T4 a2 ui|2 30l Al E. coli
£ 359, oW 3o 9] = 90 Al E. coli= 414, E4)-
A sl oo = 11573 viA| 2} 14470\ A E. coliv= 5 146
o, 7S R o] & 144, vk e 143 9 7HEEE 167
oA E. coli= % 55u57} E-2] =] I th(Table 1).

22|=l Escherichia coli®l &73H LiMg

¥ E. coli 277+t50] tisto] 22F A W/ A3k
2 Table 20] hehfRich. 215 E. coli g ZAA 7
WAIE % ampicillin (37.2%)l141 7P =& W& HEhd
%101, cephalothin (21.7%), cefazolin (19.9%), trimethoprim



ot

(15.2%), trimethoprim/sulfamethoxazole (11.2%), amoxicil-
lin/clavulanic acid (7.9%), streptomycin (7.2%) 0|31t} £
3} aztreonam, cefotaxime, cefoxitin, cefotetan, ciprofloxacin,
chloramphenicol, nalidixic acid, pipemidic acid, rifampin, tet-
racycline]] ti A= 5% olske] &5 HeEbl 3L, ami-
kacin, cefepime, ceftazidime, gentamicin, imipenem®]| T 3f|
A= E2E E coli s 9t 7F 43 %) Ao = 2Rl E Sich

1= 0 Ialel
Park et al. (2013)2 gt o7 FA1 M Z217t E. coli®]

k)

Table 1. Distribution of Escherichia coli isolated from shellfish farms

Al WA

A 9] ampicillin WA8-0] 18.6%= UEFH Itk H gt A3}
K= ohA =9kA]uk, Son et al. (2009)0] Hajot o FoFA Ak
o| Al £-2]3t E. coliol| A 2] ampicillin W AJ-8-(46.2%) H b=t
Al e 2ick. Park etal. (2013)2F v 2 5)] B ol &HA] 7
A poprl o g H gefieh 7ok k= A Aot sFe A A
oolA Al4eH7] whitel @ H=A 0] PR ofet L HE
A A A G A W] Gk o Eol
RS 710 2 Abz H Tk 3t Son et al. (2009)9] XS 112

Sampling area Samples No. of samples No. of isolats
Gomso-bay in Gochang-gun Short-neck clam 30 35
Iwon-myeon area in Taean-gun Oyster 90 41
. . , Oyster 115 22
Deokjeok-Jawol area in Ongjin-gun
Short-neck clam 144 124
Ganghwado south bay in Oyster 14 6
Ganghwa-gun Short-neck clam 14 30
Corb shell 16 19
Total 423 277

Table 2. Antimicrobial resistance of Escherichia coli isolated from shellfish farms

Antimicrobial agents Drug amount (pg)/disk

Diffusion zone breakpoint (mm)  No. of resistance isolates (%)

Ampicillin (AM) 10
Amikacin (AN) 30
Amoxycillin/clavulanic acid (AMC) 20/10
Aztreonam (ATM) 30
Cefazolin (CZ) 30
Cefepime (FEP) 30
Cefotaxime (CTX) 30
Cefoxitin (FOX) 30
Cefotetan (CTT) 30
Ceftazidime (CAZ) 30
Cephalothin (CF) 30
Ciprofloxacin (CIP) 5
Chloramphenicol (C) 30
Gentamicin (GM) 10
Imipenem (IPM) 10
Nalidixic acid (NA) 30
Pipemidic acid (PIP) 20
Rifampin (RA) 5
Streptomycin (S) 10
Tetracycline (TE) 30
Trimethoprim (TMP) 5
Trimethoprim/sulfamethoxazole (SXT)  1.25/23.75

<13 103 (37.2)
<14 0 (0.0)
<13 22 (7.9)
<17 3(1.1)
<19 55 (19.9)
<14 0(0.0)
<22 4 (1.4)
<14 12 (4.3)
<12 1(0.4)
<17 0(0.0)
<14 60 (21.7)
<20 5(1.8)
<12 11 (4.0)
<12 0 (0.0)
<19 0 (0.0)
<13 13 (4.7)
<17 13 (4.7)
<17 11 (4.0)
<11 20 (7.2)
<11 12 (4.3)
<10 42 (15.2)
<10 31(11.2)
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o) 2 ul, Aol W ARE HHow GEAle] AHgao] ¢
2 o] FFAAS] A= FAlolF W AR dleTE A A QL
A e 2 9 ol A EERE 224 E. coli®] ItA|
WAdo| ¢ =4 vehd Ao &2 ALZ =t} Tendencia and Pena
(2001)9] K 1% AfL-FA1 A of| 4] A1 E 8] ARE-oFA] G-
299k ALET A, FRAIS AHBITL Al FAIAOIA] T
WAt BlE&-o] E ket B askelct.

22 X|Yof E A e g

Al wt7=9] E2| A Yol mhE Al WA %3S Table 30
LHER STt Ampicillin U788 g et o] ™ ‘3H°E‘°ﬂ/\1 el
E. colilA] 53.7%0.2 7V 7] Uheb om, hgo 2 3
‘ﬁﬂﬂﬁkwﬂﬁﬁi}Qﬂﬂﬁﬁow®7ﬁﬁirrﬂﬂ
(27.3%)s=°] A, chloramphenicol W/d-8-2 ATt 8 & o] A]
2% E. coliol A 17.1%2.2 7174 &7 e, ohao
£ 92499 §9(2.7%), B3 g s (1.8%)0l e
o, g o] A Jl| o A E2]H E. colix= chloramphenicol ]
s A 2 S vEbl o] E2] o whet Al WA
ol th=A Yepfi it Egh Y& H s ol A E2]H E.
coli=amikacin, cefepime, ceftazidime, gentamicin, imipen-
emo] thsf Al ZHAd S LR Lo, 7k EHt sl o ofl A
2% E. coli= amikacin, cefepime, Cefotaxime, Cefotetan,
Ceftazidime, Ciprofloxacin, Gentamicin, Imipenem, 4~9F

oA E2]% E. coli= amikacin, aztreonam, cefepime,
cefotetan, ceftazidime, ciprofloxacin, gentamicin, imipenem,
rifampin, Ej3F o] W oA Ee]E E. coli= amikacin,
cefepime, cefoxitin, cefotetan, ceftazidime, chloramphenicol,
gentamicin, imipenem, rifampin, tetracycline®l| taj 4] 74443
& Vet £ ool whe} g 74 e Tha Aol 2
LFER ik, 3HH, Park et al. (2013) e 3184 & 35754
Aol A He2]3t E. coli®] ampicillin ¥ trimethoprim®] U/d-&
=221 16.4% 9 8.6%0]| 1o, o= A] & I 7 FAI ol A 2
2|3} E. colix= ampicillin ¥ trimethoprimo] 743 B Th
F—Eﬂﬁ}@“:} ool vtz = uff Ee| A Yo wpet E2|H E.
coli FFE20] A UAzlol= g2 YA =1 Hj2~o
JOogHE PO 99rj= BHA] e EZAo 22 oA
70 Fol R 5I0] S Ha] FaA g el Ho] S
29102 15) AER FA| A Hol7t ket Ao A}
FSE ) gh, g Fol| A B3t E. coli #FE2] Aol gt
/35l §l-& Table 4]l LRSI, E. coliv= A1E ol AREH 22
TO] B gatAlol Aa/de e o= 1203855(43.3%)
ojlom, 15 oo atAlol WS Uethdl = 157+
(56.7%)°] At

E5| tAl @-dgo= lsf of2] 7] FtAl7E SAlol &

A| k= iAW A wH(Multiple antimicrobial resistance bacteria;
MARB)& Al A2 0.2 B Abe e 201 gl o, srujHie| 2}
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ofth= o] F & Ee|v T AS A A & = AL Qv (Den-
nesen etal., 1998). &= A17Lo)| A 43 o|ALe] Bl Al o] YA S L}
ER TR HMARB)S: 4475(15.9%)2 el Lee
et al. (2003)h 7V AR 2R E BalE E coliof A THAIY
A0] HEE0] 6.1%0] At B3k AL A3k} Park et al.
(2013)0] Haliot s FFA gl A 222t E. coli 52| THAIU
dto] Bl& 14.2%0] itk gt Atk ok thas =9k
o}, e, Ao A-AQ Eo] W o] AR oF
2o} 5 9l S0l 4] HelH E. colio] 2] tAIUAR] 62.5%
4 55.8% HEE vk A+Aatet= & AtolE UEr it

Table 3. Distribution of antimicrobial resistance in the sampling
area of Escherichia coli isolated

No. of resistance isolates (%)

Antimicrobial - ieok-
Agents' Gor::gét))ay mytlavc\gﬂnarea JZ?CL(IJZ?:a Gs%nugngo
(n=41)  (n=146)  (n=55)
AM 11(314) 22(53.7) 45(30.8) 15(27.3)
AN 0(0.0) 0(00) 0(0)  0(0.0)
AMC 3(86) 3(73) 12(82)  4(7.3)
ATM 00000 124 107 1(18)
cz 7(200) 8(195 32(21.9) 8(14.5)
FEP 0000) 0(0.0) 0(00)  0(0.0)
CTX 129 124 2(14)  0(0.0)
FOX 2(57)  0(0.0) 11(75  1(18)
cTT 0000) 0(0.0) 1(07)  0(0.0)
CAZ 0000) 0(0.0) 0(00)  0(0.0)
CF 6(171) 8(195) 36(24.7) 9(16.4)
cP 000) 1(24) 427  0(0.0)
c 6(171)  0(00) 427) 1(18)
GM 0(00) 0(00) 0(00)  0(0.0)
IPM 0(0.0) 0(00) 0(0)  0(0.0)
NA 129 249 107) 2(36)
PIP 129 249 107) 2(36)
RA 0(0.0) 0(00) 962 1(18)
s 6(171) 2(49) 2(14)  2(36)
TE 3(86) 0(00) 6(41)  2(36)
T™P 5(143) 6(146) 12(82) 11(20.0)
STX 6(171) 6(146) 13(89) 7(12.7)

'AM, ampicillin; AN, Amikacin; AMC, Amoxycillin/clavulanic
acid; ATM, Aztreonam; CZ, Cephazolin; FEP, Cefepime; CTX,
Cefotaxime; FOX, Cefoxitin; CTT, Cefotetan; CAZ, Ceftazidime;
CF, Cephalothin; CIP, Ciprofloxacin; C, Chloramphenicol; GM,
Gentamicin; [PM, Imipenem; NA, Nalidixic acid; PIP, Pipemidic
acid; RA, Rifampin; S, Streptomycin; TE, Tetracycline; TMP, Tri-
methoprim; SXT, Trimethoprim/sulfamethoxazole.
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Table 4. The antimicrobial resistance profiles of Escherichia coli isolated from shellfish farms

No. of resistance
isolates

0 120 433
AM
TMP
AMC
RA
1 CF
TE
FOX
NA
Others
Cz,CF
AM, TE
AM, AMC
Others
AM, CZ, CF
AM, TMP, SXT
AM, CF, FOX
CZ, CF,AMC
S, NA, PIP
Others
AM, S, TMP, SXT
AM, CZ, CF, AMC
AM, CZ, CF, FOX
Others
AM, CZ, CF, TMP, SXT
AM, CZ, CF, NA, PIP
AM, CZ, CF, S, SXT
Others
AM, CZ, CF, NA, PIP, CTX
AM, CZ, CF, RA, FOX, SXT
7 AM, CZ, CF, S, TMP, C, SXT
AM, S, NA, PIP, TMP, TE, CIP, SXT
AM, CZ, CF, NA, PIP, TMP, CIP, SXT
AM, CZ, CF, AMC, TMP, RA, TE, SXT
AM, CZ, CF, S, NA, PIP, TMP, TE

9 AM, CZ, CF, AMC, CTT, TMP, RA, FOX, SXT 0.4
'AM, ampicillin, AMC, Amoxycillin/clavulanic acid; CZ, Cephazolin; CTX, Cefotaxime; FOX, Cefoxitin, CTT, Cefotetan; CF, Cephalo-
thin; CIP, Ciprofioxacin; C, Chloramphenicol; NA, Nalidixic acid; PIP, Pipemidic acid; RA, Rifampin; S, Streptomycin; TE, Tetracycline;
TMP, Trimethoprim; SXT, Trimethoprim/sulfamethoxazole.

No. of antimicrobials Most frequent patterns? Total (%)

N
oo

20.6

8.3

NINfowOadDNINDNwWw|(w |~ |d|O

—_
=N

—_
N

1.9

7.9

5.1

0.7

0.4

1.4

Ala|lalalalalalaiNIMINNOWOVIRMINOoIDIDIN|(N

(Son et al., 2009). 2ot S L AU RRE == Y] G Ato]
ol#gt A Atz A =SV, HFFAT FH o 7191gt A o= At ¥tk Herwing et al. (1997)2 @<tAIE
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Bol AR ol R FA S AUBEIE Bl Aol &
o FAE AL AGIA F AR FAFL AABRE
el Ale] g &l lsto] oS- sk ko, Park
etal. Q013 75 ¥4 F i Aol sl B4 ©
QBY GTL gol W Yt Y% shoe] BTl
A 28 o] hab shele] s R el Bele o

Ak g GaAll WL ek gk B s of

A0 A3k 5440 GU9| GFL 47 B Ackshele] A4t

£ AR R YR Al 5500
! S oGP S

bwﬁhqﬁ+ﬂﬂﬁmvﬂﬁ4 &me44
+9 37 HPx] 317 Ho]w biE=3 Aﬂ/\}-oHoﬂ o i%

o] =Bo 2015Y%E ZPiAluialy] SakaletalLaly
(R201562)9] A|¥oz e dAtolu] Atu] 2]lof AL
=YYk

References

Acar JF and Goldstein FW. 1991. Disk susceptibility test. In:
Antibiotics in Laboratory Medicine, Lorian, V. Ed., Wil-
liams & Wilkins, 17-52.

A.PH.A. 1970. Recommended procedures for the examination
of seawater and shellfish. 4th Ed. American Public Health
Association, Washington D.C., U.S.A., 1-47.

Chae HS, Kim JH, Kim GH, Choi TS, Shin BW, Lee DJ and
Lee JH. 2005. The isolation and antimicrobial susceptibility
of Escherichia coli O157:H7 on bovine feces and carcass.
Korean J Vet Serv 28, 71-79.

Cho JK, Ha JS and Kim KS. 2006. Antimicrobial drug resis-
tance of Escherichia coli isolated from cattle, swine and
chicken. Kor J Vet Publ Hlth 30, 9-18.

CLSI. 2012. Performance standards for antimicrobial suscep-
tibility testing. CLSI document M100-S22. Clinical and
Laboratory Standards Institute. Wayne, PA. U.S.A., 44-128.

Dennesen PJ, Bonten MJ and Weinstein RA. 1998. Multiresis-
tant bacteria as a hospital epidemic problem. Ann Med 30,
176-185.

Feldhusen F. 2000. The role of seafood in bacterial foodborne
disease. Microbes Infect 2, 1651-1660.

Grimes DJ. 1991. Ecology of estuarine bacteria capable of caus-
ing human disease: A review. Estuaries 14, 345-360.

Herwig RP, Gray JP and Weston DP. 1997. Antibacterial resis-
tant bacteria in surficial sediments near salmon net-cage

- 5714 -

o8y - 927 - PAT - olehY) - 4EE

farms in Puget Sound. Washington Aquaculture 149, 263-
283.

Hill DD, Owens WE and Tchounwou PB. 2006. The impact of
rainfall on fecal coliform bacteria in Bayou Dorcheat (North
Louisiana). Int J Environ Public Health 3, 114-117. http://
dx.doi.org/10.3390/ijerph2006030013.

Kummerer K. 2009. Antibiotics in the aquatic environment — A
review — Park I. Chemosphere 75, 417-434.

Kim MS, Kwon HM and Sung HW. 2009. Antibiotic resistance
pattern of of avian pathogenic Escherichia coli isolated from
chickens. Korean J Vet Res 49, 195-200.

Jeong KO, Heo JH, Lee JM, Yun IR, Choi YJ and Kim JS. 2010.
Surveillance of antimicrobial resistance ratio of E. coli and
Enterococcus spp. isolated from fecal and carcasses of pigs
in slaughterhouse. Korean J Vet Serv 33, 241-248.

Lee JI, Han GY and Park HH. 2003. Characteristics and antibi-
otics susceptibility of Escherichia coli isolated from fishery
products. Korean J Food Nutr 16, 111-115.

Lee TS, Oh EG, Yu HD, Ha KS, Yu HS, Byun HS and Kim JH.
2010. Impact of rainfall events on the bacteriological wa-
ter quality of the shellfish growing area in Korea. Korean
J Fish Aquat Sci 43, 406-414. http://dx.doi.org/10.5657/
KFAS.2010.0406.

Lee YJ, Kim AR, Jung SC, Song SW and Kim JH. 2005. Antibi-
otic resistance pattern of E. coli and Salmonella spp. Isolated
from chicken feces. Korean J Vet Serv 45, 75-83.

MOF. 2013. Major statistics of oceans and fisheries. Oceans and
fisheries report, 1-395.

Oh EG, Son KT, Ha KS, Yoo HD, Yu HS, Shin SB, Lee HJ
and Kim JH. 2009. Antimicrobial resistance of Vibrio strains
from brackish water on the coast of Gyeongsangnamdo. J
Kor Fish Soc 42, 335-343.

Park K, Jo MR, Lee HJ, Kwon JY, Son KT and Lee TS. 2011.
Evaluation of the effect of the dischatged water from Bong
stream after events on the bacteriological water quality in
Gangjinman, korea. Korean J Fish Aquat Sci 44, 622-629.
http://dx.doi.org/10.5657/KFAS.2011.0622.

Park K, Jo MR, Kim YK, Lee HJ, Kwon JY, Son KT and Lee
TS. 2012. Evaluation of the effects of the inland pollution
sources after rainfall events on the bacteriological water
quality in Narodo area, korea. Korean J Fish Aquat Sci 45,
414-422. http://dx.doi.org/10.5657/KFAS.2012.0414.

Park K, Park JY, Jo MR, Yu HS, Lee HJ, Kim JH, Oh EG, Shin
SB Kim YK and Lee TS. 2013. Antimicrobial resistance in
Escherichia coli isolated from shellfish farms in the south-
ern coast of Korea. Korean J Fish Aquat Sci 46, 528-533.
http://dx.doi.org/10.5657/KFAS.2013.0528.

Son KT, Oh EG, Lee TS, Lee HJ, Kim PH and Kim JH. 2005.
Antimicrobial susceptibility of Vibrio parahaemolyticus and
Vibrio alginolyticus from fish farms on the southern coast of
Korea. J Kor Fish Soc 38, 365-371.

Son KT, Oh EG, Park K, Kwon JY, Lee HJ, Lee TS and Kim JH.



2009. Antimicrobial susceptibility of Escherichia coli iso-
lated from fish farms on the southern coast of Korea. Kore-
an J Fish Aquat Sci 42, 322-328. http://dx.doi.org/10.5657/
KFAS.2009.0322.

Tendencia EA and Pena LD. 2001. Antibiotic resistance of bac-
teria from shrimp ponds. Aquaculture 195, 193-204.

1

ook

£l

Al i3

19



