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Antimicrobial Resistance Patterns of Escherichia coli and Vibrio para-
haemolyticus Isolated from Shellfish from the West Coast of Korea
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This study investigated the antimicrobial resistance patterns of Escherichia coli and Vibrio parahaemolyticus iso-
lated from oysters Crassostrea gigas, short-necked clams Ruditapes philippinarum and corb shells Cyclina sinensis
from the West Coast of Korea from June through November 2013. The antimicrobial susceptibility patterns of the
isolated strains of E. coli and V. parahaemolyticus to 12 antimicrobial agents used in Korea for clinical or veterinary
therapy were analyzed. Antimicrobial resistance to at least one antibiotic was seen in 52.0% of the E. coli isolates
(156 strains) and 44.3% of the V. parahaemolyticus isolates (194 strains). The resistance of the E. coli (34.0%) and V.
parahaemolyticus (41.8%) isolates to ampicillin was highest. Multiple antimicrobial resistance against at least three

antimicrobials was seen in 9.0% of the E. coli isolates and 1.

0% of the V. parahaemolyticus isolates.
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2 A7 7R AE QIrk SHe AT A0S 2 o 2at
T A AR @8 Al S 8.8 TH(Van den
Bogaard and Stobberingh, 2000; Tendencia and Pena, 2001).
HFPAS 0, ASARSA A SOl AT KAt QlgR
Aol f1x|skaL Qlom, sifi= o5/ ol A §laL, o7
A T3S B8l ol AAIsHe Ale] B4 uh el 2l a4
ol EAet= AltE2 Aol S2 1A =n, 29 ez
cho] §4 2 e o] T At 0.2 gAE T 5
o] N#3td Q9w 37 Z713H(Lee et al., 2010; Park et
al., 2011; Park et al., 2012). t&<t(Escherichia coliy2 A
oL} 7k Aol == AAlshe Altolw, 2, A&, A
ol X2 FtAl W+t 2@ WA siEl o] MekE olsish=t
T8k Alat oz deA qlo] siFarAlolA EelE it
O] ghtAl W EAel wet A7t A o' o] FofA itk
(Levin et al., 1997; Park et al., 2013).
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Alz+o] ™ (Su and Liu, 2007; Ceccarelli et al., 2013), &
ol 9 Yl o & A Qil(Zarei et al., 2012), o]
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al., 2009; Oh et al., 2011; Park et al., 2013). 3+, 3} 74|
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AH(E. coli) W v B8] @4( V. parahaemolyticus)
25 5to] 2013 6LFE 11E7HA] AlaliQtoflA] AFA4 b
5 AAto] HdSHA o] FA AL Q= AHFAA| et st
T GB Fdol A= F(Crassostrea gigas), WA 2H(Ruditapes
philippinarum) 2 7}5-2H(Cyclina sinensis), Q1 A3FSA] %1
o YA s oAl = = A BhAlEl S EE "ok ol
H s oAM= =, AetEE 2T TR s ol A= vEA=
= AFIske] o+t 9 A B et o) A WA 54 =
AFE Sla AlBA R A5,
izl 22

th Akt 0] £-2]= ISO/TS 16649-3 (2005)2] 1l o] whet A1A]
ST &, 37 A|2E0.1% peptone 3445 % 7}5}0] uha
St % minerals modified glutamate medium (Oxoid, UK)]| &
o] 371 1T oA 18-24417F 5 St v FS}aL, tryptone
bile glucuronoide agar (Oxoid, UK)ol| &A1 =slo] & 4]
Q1 vke-& WEb= A H2H(Blue colony) E= A=A F2t
(Blue-green colony)& w2|5t3lth. AN E= F=M S
£ k3t & VITEK system (BioMerieux Vitek, France)=
S sier wel #rm Ag el

dFH|Ee|eT ol Fa

AAH| B8] @ 2] H]+= Bacteriological Analytical Manual
of ol &=sto] AAISHATHElliot et al., 1995). ¥FAIRH o5

FH| =] eato] Al WA 663

T} sfj o]l phosphate buffered saline (PBS: 140 mM NaCl, 5
mM anhydrous Na,HPO, and 1.5 mM KH,PO, pH 7.4)& 3
7kslo] NFA|RE FA3)slaL, alkaline peptone water (pH
8.5+0.2, 2% NaCl g-)ofl 53t & 35+0.5Col| A vljoFs}
ek

S vl - thiosulfate citrate bile salt agar (Difco, France)
ol 41 =il 35Tl 24417 W F, ABH2 uHS
S Uelf = +FE A CE VITEK system (Biomerieux,
France)® 574 5}7] 913t 2] o= AFE-5F3IT

&z { ¥gHEERuol 5

EH g 0.5% NaClo| Z7F tryptic soy agar (Mer-
ck, Germany)ol| 8] H 2] @ 2 2% NaClo| A7} tryptic
soy agar®]| Bj Rt £ 0.85% NaCl -§-2f ol it c =t 2 %+
Ju] B 2] @ -2 FESFo] McFarland No. 0.52 %43}, VI-
TEK 2 GN card (BioMerieux Vitek, France)ol| o &ELS
Q13+ 3 VITEK system (BioMerieux Vitek, France)E ©]-8-3}
of g L Al el 0 s FHstel BEA A4 Ad
2 g,

A Al A

2] 54 2471e) o 9 Al ool die Ak
A H71= Acar and Goldstein (1991)¢] tj23 SHAHH-S:
o] &-31tt. ZF w35 muller hinton broth (Merck, Germany)
oA 35C, 18-24 A1 7t vl 3t th5- ot v FH O] 5 %=5 McFar-
land No. 0.5= 3]4 243t & i+t H2 76 &
muller hinton agar (Merck, Germany) 3 #Hof] A& H] = 2] @ F
2 2% NaClo| 7}l muller hinton agar ol =83}l 5
B2 5 A T AZ(O 8 mm)E Fukol] aLzFAF T

A= ampicillin (10 pg; AM), gentamicin (10 pg; GM),
streptomycin (10 pg; S), amoxicillin/clavulanic acid (20 pg/10
pg; AMC), rifampin (5 pg; RA), chloramphenicol (30 pg;
C), tetracycline (30 pg; TE), trimethoprim (5 pg; TMP), tri-
methoprim/sulfamethoxazole (1.25 ng/23.75 pg; SXT), cefo-
taxime (30 pg; CTX), nalidixic acid (30 ug; NA), ciprofloxacin
(5 ug; CIPYS Ag3k5.0.u], |5 CLSI (2012)2] 4= 7] 5]
4-7125(Quality control range)oll F-3Hg-S &gt & =4 A]
B A,
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201399 6€5E 11E7HA] AfiQt sl 7AAls ol A A4
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V. parahaemolyticus 5-2]3}%1 .0, 1 E2] o &3-S Table
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Aot s FFA Aol A A3 907 Al moll A E. coli= 156
w5, V. paraheamolyticus 194457} £2] 54 % oH, =
AR s ® A HE ZFeke R e o] = 671, BEx|Er 671
9 7152 67 A=Al E. coli Y@ V. parahaemolyticus7} 2t
7} 279t A 354, YA E s o] = 1270 H v
3078 A=A E. coli 75458} V. parahaemolyticus 76w
£ Eosiginh o] i s} wantol A At = H vt
Aol Al E. coli = 27t 32wt B 23457 £2]=%laL, V.
parahaemolyticus®] 7~ Zol A= 5745, BEA[Eol A= 26
F7h BelE|gie). s, ulR2H48 ) A= E. coli 10745
9 V. parahaemolyticus 103455, = (36704 E. coli & V.
parahaecmolyticus= Z}Z+ 45 9 82715, 7}7-2H671)ol A= E.
colidd3 2 V. parahaemolyticus 957} B2 | glt}. 0] A4+
A, E. coli= = Rtz vhA 2ol A gho] Z2] = l=t uHA|

-3 - g - A

S, V. parahaemolyticus= =3} HEA| ol A A 9 B]S=3t
Tl ZeHen, o= 645 E 11€7MA]= V. parahae-
molyticus®| 2§ 5317] et =20lH, sl Fof| EAsH= V.
parahaemolyticusS 1313 4](Filter-feeding) oA &
Aol V. parahaemolyticus7} &= 5| B2 3| 7ol A vk 4=
202 Bag A0 2} Yuetal. (2014)= 24Tk H}A]
eto| A V. parahaemolyticus®| & @S 24K A}, 74
FE 1097HA] Bs Al moflA A&l en, 110 = 87.5%
O] HEES YRt A H skl o n, Kirs et al. (2011)=
F 58709 2 AR 5 5570 A= of|A] V. parahaemolyticus”};
AEE o] 94.8%°] HEeS Yehl ok Hargh vl glon,
Haley et al. (2014)+= V. parahaemolyticus2- 5=2-2] Aol wh

Table 1. Distribution of Escherichia coli and Vibrio parahaecmolyticus isolated from shellfishes

Sampling area Shellfishes No. of samples No. of E. coliisolates  No. of V. parahaemolyticus isolates
Oyster 6 3 14
Ganghwado south Short-neck clam 6 20 12
Corb shell 6 4 9
. Oyster 12 1 1
Deokjeok-Jawol
Short-neck clam 30 64 65
Iwon-myeon Oyster 18 31 57
Gomso bay Short-neck clam 12 23 26
Total 90 156 194

Table 2. Antimicrobial resistance of Escherichia coli and Vibrio parahaemolyticus isolates from shellfishes

R
Ampicillin (AM) 10 <13 53(34.0) 81(41.8)
Gentamicin (GM) 10 <12 0(0.0) 0(0.0)
Streptomycin (S) 10 <M 7(4.5) 0(0.0)
Amayllin) AMO) 20110 <13 14(9.0) 21(10.8)
Rifampin (RA) 5 <1 4(2.6) 2(1.0)
Chloramphenicol (C) 30 < 9(5.8) 0(0.0)
Tetracycline (TE) 30 <14 8(5.1) 0(0.0)
Trimethoprim (TMP) 5 <10 18(11.5) 5(2.6)
e e ) 1.25/23.75 <10 9(5.8) 1(0.5)
Cefotaxime (CTX) 30 <14 2(1.3) 0(0.0)
Nalidixic acid (NA) 30 <1 8(5.1) .
Ciprofloxacin (CIP) 5 <1 2(1.3) 0(0.0)
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gt H ged

Aok =, 7t gl BEA ol A 213t E. coli (F 1563tF)
9 V. parahaemolyticus (% 194+-F)E A2 1259 I+t
Aol thste] A=/d A& AR, 21 A XS Table 20]
Yery ict 22l ¥ E. coli 15695 ampicillin (34.0%)°] T
g yAdgol 7H =7 Vel o H, trimethoprim (11.5%),
amoxicillin/clavulanic acid (9.0%), chloramphenicol (5.8%),
trimethoprim/sulfamethoxazole (5.8%), tetracycline (5.1%),

Table 3. Antimicrobial resistance profiles of Escherichia coli
isolates

No. of resistant  Total
isolates (%)

No. of Antimicrobial
antimicrobials resistance patterns'

0 75 48.0

AM 32
TMP
AMC
1 TE
RA
NA
S

353

AM/AMC

AM/TMP
AM/C
S/C
NA/CIP

7.7

AM/TMP/SXT
AM/C/TMP
AM/S/SXT
AM/S/NA
AMC/RA/TE
CTX/NA/CIP

5.8

AM/S/CITMP/SXT
C/TE/TMP/SXTICTX

7
6
3
3
3
1
6
AM/TE 2
1
1
1
1
3
2
1
1
1
1
1
1

1.3

AM/AMC/CITE/TMP/
SXT

AM/S/C/TE/TMP/SXT/
NA

1

2

'AM, ampicillin; AMC, amoxicillin/clavulanic acid ; TMP,
trimethoprim; TE, tetracycline; RA, rifampin; NA, nalidixic acid;
S, streptomycin; C, chloramphenicol; CIP, ciprofloxacin; SXT,
trimethoprim/sulfamethoxazole; CTX, cefotaxime.

FH| =] eato] Al WA 665

nalidixic acid (5.1%) <22 4] WA&o] =tk E3HE.
colix= streptomycin, rifampin, cefotaxime, ciprofloxacini] t
A= 5% ofste] Wi/ &2 Wb 2101, gentamicin®] Tl
AL RE BeH E. coli 2ol 2449l A0 el
ct.

St V. parahaemolyticus 194+ ampicillin (41.8%)°]
gt Yol 7 =4 Ve 9121, amoxicillin/clavulanic
acid ¥ trimethoprimo]] T34+ 242 10.8% 2 2.6%2] W43
& Bk 8% V. parahaemolyticus+= rifampin, trime-
thoprim/sulfamethoxazole, nalidixic acide]] tha+ A& 1%
olal= &91%| %111, gentamicin, streptomycin, chlorampheni-
col, tetracycline, cefotaxime, ciprofloxacin®| tjaljir= 2=
o) FFoIN 402 e

olape] Az, AJBIRk HFFAAANA HIE E. coli W V.
parahaemolyticus v-=+5-2] ampicillin, amoxicillin/clavulanic
acid WA-&2] Z}o|= ulH|s3] 21, trimethoprime] T $F WA
-2 tha ZJo|7} QIitt ESL streptomycin, chlorampheni-
col, tetracycline, cefotaxime, ciprofloxacin®]] thall A= E. coli
w0l ARt Aol &lE AL, 22l V. parahaemolyticus
FEEE BT 74 S efulo] Aol et b Aol
sRelg 4= et

38, Park et al. (2013)2 WaIot SH5OFAI ol A Helgh E,
coli®] tetracycline, streptomycin, ampicillino] T3t Uj4d-8-0]
Z+7F 29.9%, 25.5% 2 18.6% 0.2 ZAIE|QITtal HAIgE A
Ao} tha Hol7t gick. olelg A3k ol E. colit= A
golut =9 Aol =2 AAske Al slFFA%
W Ef ol TS, SRR A, 7 AR AL 59 Bl
%4 Fol| 2A31= E. coli®] G} E. colizt 7H aF-A| W

Table 4. Antimicrobial resistance profiles of Vibrio paraheamo-
Iyticus isolates

No. of Antimicrobial No. of resistant  Total
antimicrobials resistance patterns’ isolates (%)
0 108 55.7
AM 57
TMP 3
1 32.0
RA 1
NA 1
AM/AMC 20
2 AM/RA 1 11.3
AM/TMP 1
AM/AMC/NA 1
3 1.0
AM/TMP/SXT 1

'AM, ampicillin; TMP, trimethoprim; RA, rifampin; NA, nali-
dixic acid; AMC, amoxicillin/clavulanic acid; SXT, trimethoprim/
sulfamethoxazole.
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3 9|l Zpolo] ot A o= AlrEM, 44U e T
off Ao} gHAl ATl Rk Aol QR wlE 4 9)
= A0 &2 4 Hck(Kotlarska et al., 2015). Kwon et al. (2016)
L EENEREE P LR e

A ZE A (Mytilus galloprovincialis) %2170l A 1 FL]
A+t2] ampicillint| A8 2H2} 81.5% 2 76.4% o] 3L

, tetracycline®] 79-of= ﬂ“&@%ﬁﬂvﬂ%ﬂLﬁﬁ
}06.7% T 83.6%°.2 LJEI} o]EA o] 9l x| =aEx] 2
4 Baato s Bl AEagRolA ShelE A e
Aro ool ojsko 7 wlotE|th W 15} Th

Yu et al. (2014)= H3lIHAE = 9 AsfiQbal BEx| 2ol A &
2|3t V. parahaemolyticus< ampicilline]] o3l 2+2+ 79.1% 4
61.2%% & Aol SlElrhar Bk A Avpkth=
UlZdEo] LA, Oh etal. (2009)7} 7 & 1QE 715=4] S ol| A
=g v parahaemo]yticusoﬂ A19] ampicillin WAd-£(44.1%)
70 ATHE Uehfeir). 2I5e] 79 Baker
Austin et al. (2008)2 = 2Z|o} W P2 29 sjj<=e}
A=A B3t V. parahaemolyticus©l| 4 2] ampicillin W&
0] 46.6%0] T B 15T}

ool 23 ulmelodt 5 URE UHARES A B4
ol 7 g o 2R E g5 5 Qlrk= Eal(Neela et al
2007)%2 & | V. parahaecmolyticus®] 3F4A| WA & 2o =
A AR FF, A 54 9 8o 2 Aol ot 34\2
2 FYHEY o] 7Y Al e Uetll= d=& o
A WAl +H(Multiple antimicrobial resistance bacteria, MARB)
olgfal F=m, o]t thA| Ut o] S WA frdAke] &
42 AP RE o HA THEAL o] AlAIAQ A= s
1! Qth(Dennesen et al., 1998). & ¢17Lo]| 4] 35 o]A}L9] gkt
Aol Wi/d& vretdl= oAU dt2 E. coli 9 V. parahaemo-
Iyticus w2] FFE0lA Z42F 144F55(9.0%) 2 24-7(1.0%)
2 3RolE|o] V parahaemolyticus Eth= E. coli £-8] w-50f
A TR WA T-o] wol| AZ % Itk (Table 3 2 Table 4). Yu et
al. (2014)= Faligtit = 9 Asfihil BEx| 2ol A gt V.
parahaemolyticusol| A 35§ o1/42] Aol W/dE& 7= o
Al dato] 3.6%=2 HEH Akl Bt At stil= 2}
o]7} $1% A9k, Kim et al. (2016)- AaloF ZollA] Eelgt V,
parahaemolyticus©l| A 3% ©]4+9] iAo WAS 71 &= tf
AWA o] 50.9% = AEE ety Hist d - AdnpH = &
Aol & e o,

oA, EelE et o] thAlW d+t BlE&-2 Park et al. (2013)

ol it =, uiAlet B s z27fjol| A &3t E. coli 5 17.7%
7k 3% o9 FtAlol e 7P Bagtk 1k Autet
Jo et al. (2016)7F Aot s fFofAl ol A 2elet thd<t 59
27. 8%7} 3% o]AFY] Ao WAE 7R Ao &2 FHelE Q)

AT Hf it of2fet Avke| Aol= A HH

HH%—’F—E ol w7 Ao m flEE FetAl WAt

%
gt
s

o& N _E o rlo r{

[e]

-4

sl s

94

o - B4 -

rs;, of 71918k A2 =A%, Kwon et al. (2016)& 3413
T ool 2% S e A wiEeet IR AS
OH%}Z] (Mytilus galloprovincialis) %2170 A 2|3t )&+t
9] E‘rxﬂlﬂ"éﬁfﬂ HE e 2475 90.9% 9 91.0%= Lekyt
w stk
RHH, 7= sl 59 Alate Aol w55k §4d0] 9L
Fofleloll Al AlsRe SH0R G4 o018
7] wfZoll AbE AR S ol A o gt Al WAd
kg SRS W) ol & Tt 4 gl £& A5
Ao F 22918 7o & ALRERTL 2 5 IR SAMEL 7}
dzxe] 3y glo] & Aoz go] AFIsh7] wiwol FtAl WA
ol A 814 BAR giE 9 4 g o 24,
E3, Al WA IARE HA3 Ato] st oy nks o
£ B9 okalelom §olun sjokeol £Rlske ol E
= 5% Mlwt o2 plasmid, transposon, integron 51} -2 0]
373 Q1A (mobile element) 2] <~ A A o|(horizontal transfer)
= £33 WAt RS viAIe 4= ¢lck(Fiqueira et al., 2011;
Moura et al., 2012).
ufe}a], 4:4HE AlAFs ool Al o] A U o] ek X144
ol e o] L ast, Aiksl oA Wt it WA ek =
SECRE EEERE ERERERERE RTRLE
A3 2.9 Pl o)) 53 o Ro] oAl AL
© A0 -8 WAIE S8l AR ARl thet wsat ke

o

=19] 2|44 o] aHt.

A AL

o] =E2 20179% IPpaet palEtAARY
(R2017057)8] Aoz 3%l Atom] AtH] 2| Hof| ZhAL
=Yyrt
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