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This study evaluated the abundance of fecal coliforms in oysters Crassostrea gigas, sea squirts Halocynthia ror-
etzi and sea cucumbers Apostichopus japonicus in fisheries along the coast of Korea in 2014, and investigated the
prevalence of antimicrobial resistance in Escherichia coli isolated from these fishery products. The ranges of fecal
coliforms found in oysters, sea squirts and sea cucumbers were <18-20, <18-330 and <18-3,300 MPN (most probable
number)/100 g, respectively. Sea squirts contained the greatest range of E. coli (<20-140 MPN/100 g), followed by
sea cucumbers (<20-130 MPN/100 g) and oysters (<20-20 MPN/100 g). A total of 26 strains of E. coli were isolated
from 34 sea squirt, 25 sea cucumber and 13 oyster samples. Strains thus isolated were tested for their susceptibil-
ity to 22 antimicrobial agents used in Korea for medical or veterinary therapy. E. coli isolates showed the greatest
resistance to ampicillin (84.6%), followed by trimethoprim (34.6%), nalidixic acid (34.6%), tetracycline (30.8%),
pipemidic acid (26.9%), streptomycin (23.1%), chloramphenicol (23.1%), trimethoprim/sulfamethoxazole (23.1%),
and gentamicin (15.4%). Resistance to at least one antimicrobial agent was present in 88.5% of E. coli isolates. Of
the 26 isolated, six strains (23.1%) were resistant to multiple antimicrobial agents.
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g 4 X0 A= YA (Halocynthia roretzi), 24| A= &
(Crassostrea gigas), "8A(H. roretziy 2 3|4 Apostichopus
Jjaponicus), EJ A= =(C. gigas), o5 A= HA(H. ro-
retzi) Y SJ4H(A. japonicus), w4 A= S4AH(A. japonicus) S
AyAraelol 4 A7) B elsto] Aol AHg ekl
adz & EHAUNER A

=, A B siakel S1A8sHA A ahet el ti et B 2
HA WA A8 S Recommended Procedure for the Exami-
nation of Sea Water and Shellfish (APHA, 1970)°] &=3}of 4
Aletgitt. F=g Al g of]+= lauryl tryptose broth (Difco, USA), tf
et 9 EHA A 2 Aol Z2H2 BRILA (Brilliant
Green Bile Lactose) broth (Merck, Germany) 2! EC broth
(Merck, Germany) & AF-5H3Ch chga W Eul A g2
P 7} SRR S KRS AESHE 23 (most
probable number, MPN) 2.2 =A3}al, 11 2 3}+= MPN/100
g0 2 A5}l

e Al & 22 58

A A2 ISO/TS 16649-3 (2005)2] o] wha} AA]
steich. 21259] 2, WA W a4 A= 0.1% peptone 51415
= H7lsto] aha$k 2 minerals modified glutamate medium
(Oxoid, UK)oll FFsto] vjofstaL, e o= Hek A
oS- tryptone bile glucuronoide agar (Oxoid, UK)o| &4 ulf
oFsto] A Z2k(Blue colony) F+= A=A F2H(Blue-green
colony) 4/ 75 &Rlel= HgpRio s it Hr5 &
ol3}ar, 71 AuE MPN/100 gO & FA|SHGITH M £ 4
=M zleko 24 B wljofel 3 VITEK system (BioMerieux
Vitek, France)Z ©]235}o] Escherichia coliz %575}l t}.

Table 1. Bacteriological examination results of fishery products collected in the coast of Korea

Total coliform

Fecal coliform Escherichia coli

Fishery products Location (MPN/100 g) (MPN/100 g) (MPN/100 g) No. of samples
Yeongdeok 230-3,300 <18-330 <20-20 6
Uljin <18-3,300 <18-20 <20-<20 11
Sea squirt Ulsan <18-1,300 <18-78 <20-140 9
Tongyoung <18-78 <18-<18 <20-<20 2
Yeosu 20-4,900 <18-230 <20-20 6
Ulsan 45-170 <18-45 <20-78 6
Sea cucumber Yeosu <18-23,000 <18-3,300 <20-130 11
Gunsan <18-130 <18-45 <20-20 8
Oyster Ulsan <18-230 <18-20 <20-20
Tongyoung <18-230 <18-<18 <20-<20 4

MPN, most probable number.
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cefotetan (30 pg; CTT), nalidixic acid (30 pg; NA), pipemidic
acid (20 pg; PIP), trimethoprim (5 pg; TMP), aztreonam (30
ng; ATM), ceftazidime (30 pg; CAZ), rifampin (5 pg; RA),
chloramphenicol (30 pg; C), tetracycline (30 pg; TE), cefoxi-
tin (30 pg; FOX), cefotaxime (30 pg; CTX), ciprofloxacin (5
ng; CIP), imipenem (10 pg; IPM), trimethoprim/sulfamethox-
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o= AAsHH

Zat o o
2, 97 L SNl M A
A Qichfolol N ATl ke 5 SR 71 2 3

O

g glol F= & 102 ol *éﬁﬁ}ﬂ e =, YA A sl
? & 9l5to] 20149 1457H 119714] gH,
=71, &4k 59, 01* S AT Abs ol A HH Em AR
A 347, shat 2570, & 1370 A2 e R il
At Bt ate] L =S ARSI v, 11 7S Table
1o WFER A

YA -] At 4 4= Al 7 A1 20-4,900 MPN/100
s0 4 B, S0 R FY, 24, 44§ w0z U
Elgon, EWA A 9E(<18-330 MPN/100 g), o
(<18-230 MPN/100 g), &4H<18-78 MPN/100 g), =%! (<18-
20 MPN/100 g) == 2@57} golg gl o), 2] A9
EU9| ufj 7+ AAksl o $14) 7] A S52(<230 MPN/100 g) 7]
Fo xilste] HAEE A= ¢ ME}(European Commission,
2004). sy ol Aol M g wtwt, A 9 A
o 59 W97t 24 <18-23,000 MPN/100 g, <18-3,300
MPN/100 g <20-130 MPN/100 g &2 t}2 2] H 9] g4t F

of i, ERAN T H i o Brke B A2

: ‘%L?_]-EH ‘ S

s

Foll A AQFRE Zoll M o] Rt = F-Eut
*—1'% A=0] A+ 713(<230 MPN/100 g) 2 EUSJ A
o 7|52 2R AR IdloH, A st E T 9
EAlE #4571 S A0 R ebge o] A, 2,
—sHAL,J A 2T = o9 ke J=Zo] A o 7 Flojx]
o, EUQ o5& AgAksl| e oA 723} vws) & uf AJAl&
Z317F 7he et A EE UER Sl
ghH, 37 (Bivalve molluscs), ]'d-F(Tunicates) 5= |3t
A4 (filter- feedlng) W& Tl Yolg Aflshe 4=l 4
%, S Foll Ffrste Alatsel Aol 4A S2skA =i
(Grimes, 1991; Feldhusen, 2000; Lee et al., 2010), 3|57 5-°]
MATH= dotal| S 739 dhAl & )9 o] 2l o] oF sl itk

n'ﬂo
2
e

){l‘j—IEMEL
%\V

o %@ X o off M %2

& e

Table 2. Distribution of antimicrobial resistance of Escherichia
coli isolates

Drug Diffusion No. of

Antimicrobial agents amount  zone break resistant
(Mg) /disk  point (mm) isolates (%)

Ampicillin (AM) 10 <13 22 (84.6)
Cephazolin (CZ) 30 <14 1(3.8)
Cephalothin (CF) 30 <14 1(3.8)
Gentamicin (GM) 10 <12 4 (15.4)
Streptomycin (S) 10 <M 6 (23.1)
Amikacin (AN) 30 <14 0(0.0)
e i (Amc) 20110 =13 0(00)
Cefepime (FEP) 30 <14 0(0.0)
Cefotetan (CTT) 30 <12 0(0.0)
Nalidixic acid (NA) 30 <13 9(34.6)
Pipemidic acid (PIP) 20 <17 7 (26.9)
Trimethoprim (TMP) 5 <10 9 (34.6)
Aztreonam (ATM) 30 <10 0(0.0)
Ceftazidime (CAZ) 30 <14 0(0.0)
Rifampin (RA) 5 <17 0(0.0)
Chloramphenicol (C) 30 <12 6 (23.1)
Tetracycline (TE) 30 <14 8 (30.8)
Cefoxitin (FOX) 30 <14 1(3.8)
Cefotaxime (CTX) 30 <14 0(0.0)
Ciprofloxacin (CIP) 5 <15 0(0.0)
Imipenem (IPM) 10 <13 2(7.7)
Lt e oxm) 1252375 <10 6@3.1)
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ofsl7] Sla = 137 Al®, WA 3470 A& % a4k 257) A=
o)A E. coli 263t75 225kl oH, 2% E. coli o] T}
22520 FtAol et WAde ARSI, 11 AV Table 2

ol YeRWH ATt F+tAlE % ampicillin (84.6%)A] 71 w2
YA el o™, trimethoprim (34.6%), nalidixic acid
(34.6%), tetracycline (30.8%), pipemidic acid (26.9%), strep-
tomycin (23.1%), chloramphenicol (23.1%), trimethoprim/
sulfamethoxazole (23.1%), gentamicin (15.4%) =02 ot
Al W7ol =8kt

A, imipenem, cephazolin, cephalothin, cefoxitin®]] tf af| 4]

Table 3. The antimicrobial resistance profiles of Escherichia coli isolates
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=10% ©]3+] WAL Vel ¢ © 1, amikacin, amoxicillin/
clavulanic acid, cefepime, cefotetan, aztreonam, ceftazidime,
rifampin, cefoxitin, cefotaxime, ciprofloxacin®] T3]+ &
= 22 E. coli ol A /391 A& hel=Sict.

Park et al. (2013)2 F3l|ot =, upx|2h & w] 2o 4] Ea]gt
E. coli®] amplicillin YAd£-0] 18.6%= YEFH ttal H i1k
At A7t Jo et al. (2016) A3liQt =, HEA|S W 7HEEto] A
)5 oA+2] amplicillin LH/H 0] 37.2%% ZAME A3+
R} =2 amplicillin WA E-0] 1% It} Lee et al. (2003)
= iR A A /\lJJrEl °1Tr, 57 W 2ol A &
2]t A9 tetracycline WAd-&-0] 37. S%E H o Lof|A] T

014 tetracycline WAd-&(30. 8%)4 H|S3 222 e %o
L}, streptomycin 2 nalidixic acid2] IH/}‘}%E 27V 11.2% 4
54%° 2 H AL A9 nalidixic acid (34.6%) ¥ streptomy-
cin (30.8%) W/d&ol A ekttt ot <Al W& 2
3} 2oz 4AHE AATa] 2 Wiolo] 91AI% el W 7}
FAHE A B, ohgolA] B 04l He of 2 5 4
el m golH 298 Fol TeHol Qi el
A WA Holol] 7]l Aoz A,

Kwon et al. (2016)% Al sl o] A Sl A (Mytilus gal-
loprovincialis) %217 W S-AF @ &G $lof| A Beat thAt2] &
YA WS AR 7&4, Ampicillin /&2 * 5 e 22
SAF L FAANA 42 76.4% H 81.5%, tetracycline YA &2
A s oliE 2| o s/ 2 d ol A 22t 83.6% R 96.7% 0= LE}
U o] 558l ol AFaliER| o 54744 AFsidAloA &

A A S s dYe] dFor deEra By

No. of antimicrobials Most frequent patterns' No. of resistant isolates Total (%)
0 3 1.5
AM 7
1 30.8
TE 1
AM, TE 1
AM, NA 1
2 26.9
AM, TMP 3
AM, IPM 2
AM, NA, PIP 1
3 7.7
AM, NA, C 1
8 AM, S, NA, PIP, TMP, C, TE, SXT 2 7.7
9 AM, GM, S, NA, PIP, TMP, C, TE, SXT 2 7.7
10 AM, CZ, CF, GM, S, NA, PIP, TMP, TE, SXT 1 77
AM, GM, S, NA, PIP, TMP, C, TE, FOX, SXT 1 '

'AM, ampicillin; CZ, Cephazolin; CF, Cephalothin; GM, Gentamicin; S, Streptomycin; NA, Nalidixic acid; PIP, Pipemidic acid; TMP, Tri-
methoprim; C, Chloramphenicol; TE, Tetracycline; FOX, Cefoxitin; IPM, Imipenem; SXT, Trimethoprim/sulfamethoxazole.
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o] 7119 =tAlel WdE 7HA= HHAIW/d <t (multiple an-
timicrobial resistance bacteria, MARB)-> Al A Al 0] 4| 2 tff
T2 9lti(Dennesen et al., 1998). & &I Lo 4] 4% o|AtQ]
Aol W& UEb = tHAl WA w2 69F55(23.1%) = 24l
SItH(Table 3). Jo et al. (2016)= A3fiot =, vFA|= W 7}
ol A EelE gt o] thAl W/t o] HlE-2 15.9% % Yk
thal B 18} a1, Park et al. (2013)2 Hafieh =, vlx|e & 1)
2ol A ZeIjt E. coli 5-0] THAIW 2] Hle-2 14.2%°] %1
thal 331 H, Lee et al. (2003)= =7 =ARA ol A] Al
= o, w2 AARelA 2% E. coliol A THAIW <t
o AEEL 6.1%0| ek Hiet 7 Anpwrks tha &
AU AEES UERI 2L, Kwon et al.(2016)2 2|5
SR W S/ Aol A wEgt E. coliol A THAIU w2 A
Z=50] 27+ 91.0% % 90.9%= X 115F AL A7+9} Son et al.
(2009)2 F 4], 29 &=, 2, Folol A 23t E. coliz2] Tt
AWt HEE0] 56.5%etaL Hargh A-A vk ohs Wkt
S, A Wt et A| ARGo] B Y, 7HEARA,
offF FAF Y viEolA 2 EeEARL A &4
Ho gl= oA = atA| WAetol 22l th(Mach et al.,
1982; Sandas et al., 1992).

ol o] AFATE T & o, AibEollA Al W+t
AW T AES A 8] flsliAl = ol Aol A 9
z4 st ﬂ-’,&xﬂ /\].Q_E_gu—_& H]—Z] EH;"(HE I Q 3ot H,]E]_

2, A 9 S AR 02 SR 2 @R Zof 3
of Q= A WAF Y AUEE 913 e W nke 9,
FAb, ol RPAE 124 Sl the AAE STt of
FolAo} & 202 ALY,

Al AL

o] o 2017WLE ZFYiAlulelY SeAbalehl ALY
(R2017057)2] A 0.2 2=3)el odto|n] oltn] x| Qo] ZHA}F
=Yyrct.
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