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Comparison of Antimicrobial Resistance and Multi-Drug Resistance
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Antimicrobial resistance patterns of Escherichia coli were investigated. Strains were isolated from 310 shellfish,
36 crustaceans, and 12 fish collected off the West Coast of Korea from April 2019 to October 2020. Two hundred
and ninety-five E. coli strains were isolated from shellfish, 100 from crustaceans, and 54 from fish. Strains isolated
from shellfish showed the highest resistance to ampicillin (27.5%), whereas those from crustaceans were resistant to
sulfisoxazole (30.0%) and those from fish were resistant to ampicillin (59.3%) and sulfisoxazole (59.3%). Ceftazi-
dime resistance was observed in strains isolated from short neck and hard clams, whereas gentamicin resistance was
observed in strains from fish. Multi-drug resistance was observed in 56 strains (48.7%) isolated from shellfish, 11
(28.2%) from crustaceans and 27 (73.0%) from fish. Depending on the source of isolation, the strains showed specific
antimicrobial resistance tendency. Strains isolated from shellfish showed 12 different multi-drug resistance patterns,
whereas those from crustaceans showed high resistance (59%) to a single antimicrobial agent and those from fish
showed a broad trend of multi-drug resistance to more than eight antimicrobials.
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Fig. 1. Sampling stations of shellfish (e), crustacean (m) and fish
(A) of West coast of South Korea.
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of sea water and shellfish (APHA, 1970) ¥ International Or-
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AA]51$T). Blendingdt 2-2+9] A& 25 g& EC broth (Oxoid,
Basingstoke, UK) 225 mLo]| %&3}] 44.5+0.2°Col| 4] 18-24
AlIZE Ztell9F 2 tryptone bile X-glucuronide agar (Oxoid,
Basingstoke, UK) 3+ 5%kof| 712} streakingd}o] 44+1°Co| A
18-24A17t el fskQict. Eeluljf 5 oAl Z A (blue)
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A 18-24X7F <=<eufj kst & VITEK2 System (BioMerieux,
Marcy, France) 2.2 5435} ch
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WAEES 23tk

Table 1. Types of antimicrobials and breakpoints used in Escherichia coli's MIC test

Antimicrobial agents (Abbreviation) Range tested (ug/mL) Breakpoints (ug/mL) Reference
Amoxicillin/ clavulanic acid (AmC) 2/1-32/16 232/16" CLSI (2019)
Ampicillin (AMP) 2-64 232! CLSI (2019)
Cefepime (FEP) 0.25-16 216" CLSI (2019)
Cefoxitin (FOX) 1-32 232! CLSI (2019)
Ceftazidime (CAZ) 1-16 216" CLSI (2019)
Ceftiofur (XNL) 0.5-8 282 NARMS (2014)
Chloramphenicol (CHL) 2-64 232! CLSI (2019)
Ciprofloxacin (CIP) 0.12-16 21 CLSI (2019)
Colistin (COL) 2-16 243 EUCAST (2019)
Gentamicin (GEN) 1-64 216! CLSI (2019)
Meropenem (MEM) 0.25-4 24! CLSI (2019)
Nalidixic acid (NAL) 2-128 232! CLSI (2019)
Streptomycin (STR) 16-128 2322 NARMS (2014)
Sulfisoxazole (FIS) 16-256 512" CLSI (2019)
Tetracycline (TET) 2-128 216! CLSI (2019)
Trimethoprim/ Sulfamethoxazole (SXT) 0.12/2.38-4/76 24/76" CLSI (2019)

ICLSI (2019). 2NARMS (2014). *EUCAST (2019).
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WA Uhebith B st glef £ eleks xjol7t glgic.

Table 2. Number of Escherichia coli strains isolated from aquatic organisms of West Coast of South Korea

Samples No. of samples No. of isolates
Oyster Crassostrea gigas 206 125
) Short neck clam Venerupis philippinarum 96 1M
Shellfish L
Abalone Haliotis discus 6 34
Hard clam Meretrix lusoria 2 25
Crustacean Shrimp Litopenaeus vannamei 36 100
Fish Korean rockfish Sebastes schlegelii 8 19
Gray mullet Mugil cephalus 4 35

Table 3. Antimicrobial resistance of Escherichia coli isolated from aquatic organisms of West Coast of South Korea (16 types)

Resistant (%)
Shellfish Crustacean Fish Total (%)
Oyster  Short neck clam  Abalone Hard clam Shrimp Korean rockfish ~ Gray mullet

AmC 0(0.0) 7(15.3) 0(0.0) 0(0.0) 8(8.0) 3(15.8) 1(2.9) 29 (6.5)
AMP 0(8.0) 52(46.8) 9(26.5) 10(40.0) 13 (13.0) 7 (89.5) 15 (42.9) 126 (28.1)
FEP 0(0.0) ( 9) 0(0.0) 0 (40.0) 9(9.0) 7 (36.8) 0(0.0) 37(8.2)
FOX 0(0.0) 5(13.5) 0(0.0) 0 (40.0) 8(8.0) 3(15.8) 0(0.0) 36 (8.0)
CAZ 0(0.0) 6(5.4) 0(0.0) 0 (40.0) 0(0.0) 0(0.0) 0(0.0) 16 (3.6)
XNL 0(0.0) 7 (15.3) 0(0.0) 0 (40.0) 10 (10.0) 8 (42.1) 0(0.0) 45 (10.0)
CHL 1(0.8) 3(29.7) 0(0.0) 0(0.0) 6 (6.0) 9 (47.4) 0(0.0) 49 (10.9)
CIP 4(3.2) 18(16.2) 0(0.0) 0(0.0) 2(2.0) 12 (63.2) 10 (28.6) 46 (10.2)
CoL 1(0.8) 3(11.7) 0(0.0) 0(0.0) 14 (14.0) 5(26.3) 0(0.0) 33(7.3)
GEN 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 15 (78.9) 10 (28.6) 25 (5.6)
MEM 0(0.0) 7(6.3) 0(0.0) 0(0.0) 7(7.0) 3(15.8) 0(0.0) 17 (3.8)
NAL 4(3.2) 5 (22.5) 0(0.0) 0(0.0) 3(3.0) 2(63.2) 10 (28.6) 54 (12.0)
STR 1(0.8) 8(25.2) 1(2.9) 0(0.0) 6 (6.0) 7 (89.5) 10 (28.6) 63 (14.0)
FIS 8 (6.4) 8(25.2) 1(2.9) 0(0.0) 30 (30.0) 7 (89.5) 15 (42.9) 99 (22.0)
TET 16 (12.8) 1(45.9) 9 (26.5) 0(0.0) 6 (6.0) 7 (89.5) 10 (28.6) 109 (24.3)
SXT 0(0.0) 12(10.8) 0(0.0) 0(0.0) 1(1.0) 17 (89.5) 10 (28.6) 40 (8.9)

AmC, amoxicillin/clavulanic acid; AMP, ampicillin; FEP, cefepime; FOX, cefoxitin; CAZ, ceftazidime; XNL, ceftiofur; CHL, chloram-
phenicol; CIP, ciprofloxacin; COL, colistin; GEN, gentamicin; MEM, meropenem; NAL, nalidixic acid; STR, streptomycin; FIS, sulfisoxa-

zole; TET, tetracycline; SXT, trimethoprim/sulfamethoxazole.
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WA oFAF mhefo] H st Al o2 AR E L] o}F+= ampicillin

(59.3%) ¥ sulfisoxazole (59.3%)°ll 4 71 2 WA-S LeR
t}. Son (2009)2] X104+ tetracycline (74.1%), cephalo-
thin (69.9%), doxycycline (66.5%) =05 =2 HA| YA &
= Holar glo] & A5tek= Aol 7} AU, o 78] 75 AlFlell
AR Al RO 4= W EelH 5 7 ok A 97w ol B
F7HA Q1 A7t o]ol Aok & A o = kT
CeftazidimeQJ 749 5+ Foll A= R el wWol ARt WA
<= YEH AL, gentamicin®] 79~ ol Foll ARt /S YEt=

EAo] Q3drt. Ceftazidime ¥ gentamicine 715 9 Ao

L A Z g A Qlem(MFDS, 2019), 0|9} 2
A ES TRl e SAolp|Hte A RS
7 2 240 9 9)0] 2|7 EAo|| o]3) 2jo]a 7

AfsliRke] kol BelE kel Al Ul e
thA| WA (multiple antimicrobial resistance, MAR)S MAR
index?} $HA 9, @7—}-‘?—}, o]F 2 2 Table 4, Table 5, Table 6
ofl e, 4P 0] % Fhol whe a4 WAL o o o)
d< B]agk T Fig. 200 Yt Sl

Foll A Helgt bt S 56712 1#55(48.7%)= MAR
index7} 0.2 o], & 45 ol Aol s WS Hekd

Table 4. Multiple antimicrobial resistance (MAR) of Escherichia coli isolated from shellfish

No. of antimicrobials Resistance patterns No. of isolates ~ Total (%)  MAR index
FIS 8 7.0
TET 9 7.8
1 0.06
NAL 4 3.5
STR 1 0.9
CHL, TET 7 6.1
AMP, TET 17 14.8
CIP, NAL 4 35
2 STR, TET 1 0.9 0.13
COL, FIS 1 0.9
AMP, TET 4 35
AMP, STR 1 0.9
3 AMP, COL, TET 1 0.9 0.19
AMP, NAL, TET 1 0.9
4 AMP, CIP, NAL, TET 3 44 0.95
AMP, FEP, COL, FIS 1 1.5
AMP, CHL, STR, FIS, TET 15 13.0
> AMP, FEP, FOX, CAZ, XNL 10 8.7 031
AmC, AMP, FEP, FOX, XNL, COL 1 1.5
° AmC, AMP, FEP, XNL, COL, FIS 2 29 038
7 AMP, CHL, CIP, NAL, STR, TET, SXT 10 14.7 0.44
AmC, AMP, FEP, FOX, XNL, COL, MEM, FIS 6 8.8
8 AmC, AMP, FOX, CAZ, XNL, CIP, NAL, TET 5 74 05
9 AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, FIS 1 1.5 0.56
10 AmC, AMP, FOX, XNL, CHL, NAL, STR, FIS, TET, SXT 1 1.5 0.63
11 AmC, AMP, FOX, XNL, CHL, COL, NAL, STR, FIS, TET, SXT 1 1.5 0.69
Total 115 100.0

AmC, amoxicillin/clavulanic acid; AMP, ampicillin; FEP, cefepime; FOX, cefoxitin; CAZ, ceftazidime; XNL, ceftiofur; CHL, chloram-
phenicol; CIP, ciprofloxacin; COL, colistin, MEM, meropenem; NAL, nalidixic acid; STR, streptomycin; FIS, sulfisoxazole; TET, tetracy-

cline; SXT, trimethoprim/sulfamethoxazole.
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Table 5. Multiple antimicrobial resistance (MAR) of Escherichia coli isolated from crustacean

No. of antimicrobials Resistance patterns No. of isolates ~ Total (%) MAR index
NAL 1 26
COL 3 7.7
1 0.06
FIS 18 46.2
STR 1 26
AMP, COL 2 5.1
2 0.13
XNL, FIS 1 26
STR, FIS, TET 1 26
3 0.19
AmC, AMP, MEM 1 26
4 AMP, FEP, XNL, COL 1 26 0.25
5 FEP, FOX, XNL, COL, FIS 1 26 0.31
7 AMP, CHL, CIP, NAL, STR, FIS, TET 1 26 0.44
AMP, CIP, NAL, STR, FIS, TET, SXT 1 26 '
9 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, FIS 4 10.3 0.56
AmC, AMP, FEP, FOX, XNL, COL, MEM, FIS, TET 1 26 '
10 AmC, AMP, FEP, FOX, XNL, CHL, COL, STR, FIS, TET 1 26 0.63
AmC, AMP, FEP, FOX, XNL, COL, MEM, STR, FIS, TET 1 26 '
Total 39 100.0

AmC, amoxicillin/clavulanic acid; AMP, ampicillin; FEP, cefepime; FOX, cefoxitin; XNL, ceftiofur; CHL, chloramphenicol; CIP, cipro-
floxacin; COL, colistin, MEM, meropenem; NAL, nalidixic acid; STR, streptomycin; FIS, sulfisoxazole; TET, tetracycline; SXT, trim-

ethoprim/sulfamethoxazole.

Table 6. Multiple antimicrobial resistance (MAR) of Escherichia. coli isolated from fish

entiricrobios Resistance patems costes T (%) indos

1 FIS 5 13.5 0.06
AMP 5 13.5

8 AMP, CIP, GEN, NAL, STR, FIS, TET, SXT 17 45.9 0.50
AMP, FEP, XNL, CHL, GEN, STR, FIS, TET, SXT 3 8.1

9 AMP, CHL, CIP, COL, NAL, STR, FIS, TET, SXT 1 27 0.56
AmC, AMP, CIP, GEN, NAL, STR, FIS, TET, SXT 1 27

10 AMP, FEP, XNL, CHL, COL, GEN, STR, FIS, TET, SXT 1 27 0.63

1 AMP, FEP, XNL, CHL, CIP, GEN, NAL, STR, FIS, TET, SXT 1 27 0.69
AmC, AMP, FOX, XNL, CHL, CIP, COL, MEM, NAL, STR, FIS, TET, SXT 1 27

13 AmC, AMP, FEP, FOX, XNL, CHL, COL, GEN, MEM, STR, FIS, TET, SXT 1 27 081

15 AmC, AMP, FEP, FOX, XNL, CHL, CIP, COL, GEN, MEM, NAL, STR, FIS, TET, SXT 1 2.7 0.94

Total 17 100.0

AmC, amoxicillin/clavulanic acid; AMP, ampicillin; FEP, cefepime; FOX, cefoxitin; XNL, ceftiofur; CHL, chloramphenicol; CIP, cipro-
floxacin; COL, colistin; GEN, gentamicin; MEM, meropenem; NAL, nalidixic acid; STR, streptomycin; FIS, sulfisoxazole; TET, tetracy-

cline; SXT, trimethoprim/sulfamethoxazole.
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Fig. 2. Comparison of antimicrobial and multi-drug resistance according to types of aquatic organisms.
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