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Abstract

This study investigated the contamination levels and antibiotic resistance characteristics of fecal-indicator
bacteria isolated from fish farms and adjacent inland pollution sources on the southern coast of Korea.
From July to November 2023, samples of seawater and fish (black rockfish and red sea bream), stream
water near the aquatic farms, and livestock manures (chicken and cattle) were collected. A total of 251
bacteria were isolated, of which 197 were Escherichia coli and 54 were Enterococcus spp. The highest
contamination levels were found in livestock manures and upstream. In antibiotic resistance tests, E. coli
isolated from chicken manures showed high resistance to ciprofloxacin, tetracycline, chloramphenicol,
ampicillin, and trimethoprim/sulfamethoxazole. Similar resistance patterns were observed in adjacent stream
water and aquatic fish farms. Multiple antimicrobial resistance bacteria (MARB) was significant, with
12.6% of E. coli isolated from livestock manures having a MAR index greater than 0.2. These results
highlight the potential of terrestrial sources of contamination to have a significant impact on the sanitary
conditions of marine aquaculture farms and the spread of antibiotic-resistant bacteria, and suggest the need
for effective management strategies to prevent the spread of antibiotic-resistant bacteria.
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[Fig. 1] Sampling locations of Fish farm (<
Seawater, 4p; Fish), Stream water ([J;
Upstream, K Downstream) and
Livestock manure (O; Chicken farm, @;
Cattle farm) in Dunduk-myeon, Geoje,
Gyeongsangnam-do, Korea.
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<Table 1> Medium and culture condition for microbiological analysis

Species Procedure

Medium and Temp.

Enrichment culture

EC medium broth (Difco, Detroit, MI, USA),

(44 £ 0.5) C, (24 £ 2) hr

Escherichia coli
Isolate culture

Tryptone bile X-glucuronide agar (Merck, Darmstadt, Germany),

(44+ 0.5) C, (24 £ 2) hr

Azide dextrose broth (Merck) containing 6.5% NaCl

Enrichment culture
Enterococcus

(37 £ 0.5) C, (48 £ 2) hr

aecalis/facium
s e Isolate culture

Enterococcosel agar (Difco)
(37 £ 0.5) C, 24 £ 2) hr
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E. coli ¥Fc 1659 847 sz
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<Table 2> Types of antimicrobials and breakpoints used in MIC test

E. coli Enterococcus spp.
Antimicrobial agents Range tested Breakpoints1 Range tested Breakpoints
(pg/ml) (pg/ml) (pg/ml) (pg/ml)

Amoxicillin/Clavulanic acid (AmC) 2/1-32/16 >32/16 - -
Ampicillin (AMP) 2-64 >3)! 1-16 >16'
Cefepime (FEP) 0.25-16 =16 - -
Cefoxitin (FOX) 1-32 >32! - -
Ceftazidime (CAZ) 1-16 >16! - -
Ceftiofur (XNL) 0.5-8 >82 - -
Chloramphenicol (CHL) 2-64 >3)! 2-32 >3)!
Ciprofloxacin (CIP) 0.12-16 >1! 0.25-16 >4!
Colistin (COL) 2-16 >4 - -
Daptomycin (DAP) - - 0.5-32 >g!
Erythromycin (ERY) - - 1-64 >g!
Florfenicol (FFN) - - 2-32 >16*
Gentamicin (GEN) 1-64 =16 128-2,048 >1,024°
Kanamycin (KAN) - - 128-2,048 >1,024
Linezolid (LNZ) - - 0.5-16 >g!
Meropenem (MEM) 0.25-4 >4! - -
Nalidixic acid (NAL) 2-128 >3)! - -
Quinupristin/Dalfopristin (SYN) - - 1-32 >4!
Salinomycin (SAL) - - 2-32 >g?
Streptomycin (STR) 16-128 =322 128-2,048 >1,024
Tetracycline (TET) 2-128 =>16' 2-128 >16'
Tigecycline (TGC) - - 0.12-2 >0.5*
Trimethorim/Sulfamethoxazole (SXT)  0.12/2.38-4/76 >4/76' - -
Tylosin (TYL) - - 1-64 >3)?
Vancomycin (VAN) - - 2-32 >3)!

'CLSI (2020). NARMS (2014). *EUCAST (2019). “DANMAP (2016).
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<Table 3> Number of bacteria isolated from Fish farm and Inland pollutions

Inland pollution

Soeci Fish farm Stream water Livestock manure Total
pecies . Cattle Chicken o
Seawater Fish Upstream  Downstream
manure manure

E. coli 0 30 50 39 39 39 197
E. faecalis 0 13 13 13 15 54
E. faecium 0 0 0 0 0 0

Total 0 43 63 52 39 54 251
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<Table 4> Antimicrobial resistance of E. coli isolates (n=197) collected from Fish farm and Inland
pollution along the Korean southern coast in 2023.

Number (%) of isolates

Inland pollution

Fish farm '
Antibiotics (n=30) Stream water Livestock manure
(n=89) (n=78)
Fish Upstream Downstream Cattle manure Chicken manure

1 S R I S R I S R I S R I S
0 0 30 1 0 49 1 6 32 0 0 39 0 12 27

AmC (0.0) (0.0) (100.0) (2.0) (0.0) (98.0) (2.6) (154) (82.1) (0.0) (0.0) (100.0) (0.0) (30.8) (69.2)
AMP 5 302 10 2 38 0 0 3 3 2 34 23 5 11
(167 (10.0) (733) (20.0) (4.0) (76.0) (0.0) (0.0) (76.9) (1.7) (5.1) (87.2) (59.0) (12.8) (28.2)
FEP 0 0 30 1 0 49 0 0 39 0 0 39 0 0 39
(0.0)  (0.0) (100.0) (2.0) (0.0) (98.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)
FOX 0 0 30 1 0 49 0 0 38 0 0 39 3 8 28
(0.0)  (0.0) (100.0) (2.0) (0.0) (98.0) (0.0) (0.0) (974) (0.0) (0.0) (100.0) (7.7) (20.5) (71.8)
CAZ 0 0 3 3 0 47 0 0 38 1 0 38 0 0 39
(0.0)  (0.0) (100.0) (6.0) (0.0) (94.0) (0.0) (0.0) (97.4) (2.6) (0.0) (97.4) (0.0) (0.0) (100.0)
AL 0 0 30 0 0 50 0 0 39 0 0 39 0 0 39
(0.0)  (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)
1 2 2715 5 40 0 3 31 7 6 26 26 5 8
CHL (3.3) (6.7 (90.0) (10.0) (10.0) (80.0) (0.0) (20.5) (79.5) (17.9) (15.4) (66.7) (66.7) (12.8) (20.5)
p 6 0 24 8 0 42 0 0 31 3 4 32 28 9 2
(20.0) (0.0) (80.0) (16.0) (0.0) (84.0) (0.0) (0.0) (79.5) (7.7) (10.3) (82.1) (71.8) (23.1) (5.1)
0 29 1 1 49 0 0 39 0 1 37 1 8 31 0
coL (0.0) (96.7) (33) (2.0) (98.0) (0.0) (0.0) (100.0) (0.0) (2.6) (94.9) (2.6) (20.5) (79.5) (0.0)
0 0 30 0 0 50 0 0 39 0 0 39 0 0 39
GEN (0.0)  (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)
0 0 30 1 0 49 0 0 39 0 0 39 0 4 35
MEM (0.0)  (0.0) (100.0) (2.0) (0.0) (98.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (10.3) (89.7)
0 0 3 0 0 50 0 0 39 0 0 39 0 0 39
NAL (0.0)  (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)
0 0 30 0 0 50 0 0 39 0 0 39 0 0 39
STR (0.0)  (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0) (0.0) (0.0) (100.0)
6 0 24 10 2 38 0 0 37 4 0 35 27 0 12
TET (20.0) (0.0) (80.0) (20.0) (4.0) (76.0) (0.0) (0.0) (94.9) (103) (0.0) (89.7) (69.2) (0.0) (30.8)
oxT 6 0 24 6 0 4 0 0 39 2 0 37 2 0 17

(20.0) (0.0) (80.0) (12.0) (0.0) (88.0) (0.0) (0.0) (100.0) (5.1) (0.0) (94.9) (564) (0.0) (43.6)

AmC, Amoxicillin/Clavulanic acid; AMP, Ampicillin; FEP, Cefepime; FOX, Cefoxitin, CAZ, Ceftazidime; XNL, Ceftiofur; CHL,
Chlor\-amphenicol; CIP, Ciprofloxacin; COL, Colistin; GEN, Gentamicin, MEM, Meropenem; NAL, Nalidixic acid; STR,
Streptomycin; TET, Tetracycline; SXT, Trimethoprim/Sulfamethoxazole.
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<Table 5> Antimicrobial resistance of FE. faecalis isolates (n=54) collected from Fish farm and Inland

pollution along the Korean southern coast in 2023.

Number (%) of isolates

Inland pollution

o Fish farm Stream water Livestock manure
Antibiotics (0=13) (n=26) (n=15)
Fish Upstream Downstream Chicken manure
R I S R I S R I S R I S
AMP 0 0 13 0 0 13 0 0 13 0 0 15
(0.0 (0.0)  (100.0) (0.0 0.0) (100.0) (0.0 0.0) (100.0) (0.0 (0.0)  (100.0)
0 0 13 0 0 13 0 0 13 0 0 15
CHL 0.0 (0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 (0.0)  (100.0)
0 13 0 1 12 0 0 13 0 0 15 0
cp (0.0)  (100.0) (0.0) 7.7 (92.3) (0.0) 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0
0 0 13 0 0 13 0 0 13 0 0 15
DAP (0.0 (0.0)  (100.0) (0.0 0.0) (100.0) (0.0 0.0) (100.0) (0.0 (0.0)  (100.0)
3 0 10 4 9 0 1 12 0 11 4 0
ERY 23.1)  (0.0) (7690 (30.8) (69.2) (0.0) (7.7 (923)  (0.0) (73.3) (26.7) (0.0)
0 0 13 0 0 13 0 0 13 0 0 15
FEN 0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 (0.0)  (100.0)
0 0 13 0 0 13 0 0 13 0 0 15
GEN 0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 (0.0)  (100.0)
KAN 0 0 13 0 0 13 0 0 13 0 0 15
(0.0 (0.0)  (100.0) (0.0 0.0) (100.0) (0.0 0.0) (100.0) (0.0 (0.0)  (100.0)
0 0 13 1 3 9 0 0 13 0 14 1
LNz (0.0 0.0) (100.0) (7.7) (23.1) (69.2) (0.0 0.0) (100.0) (0.0) (93.3) (6.7)
0 0 13 0 1 12 1 10 2 2 13 0
SYN (0.0 (0.0)  (100.0) (0.0) 77 923) (17 (769 (154) (133) (86.7)  (0.0)
SAL 0 0 13 0 0 13 0 0 13 0 0 15
0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 (0.0)  (100.0)
STR 0 0 13 0 0 13 0 0 13 0 0 15
(0.0 (0.0)  (100.0) (0.0 0.0) (100.0) (0.0 0.0) (100.0) (0.0 (0.0)  (100.0)
TET 0 0 13 1 3 9 0 0 13 0 0 15
(0.0 0.0) (100.0) (7.7) (23.1) (69.2)  (0.0) 0.0)  (100.0) (0.0 (0.0)  (100.0)
TGC 0 0 13 0 0 13 0 0 13 0 0 15
0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 0.0)  (100.0) (0.0 (0.0)  (100.0)
TYL 0 0 13 0 0 13 0 0 13 0 0 15
0.0 0.0)  (100.0) (0.0 0.0) (100.0) (0.0 0.0)  (100.0) (0.0) (0.0)  (100.0)
0 0 13 1 2 10 0 0 13 0 0 15
VAN (0.0 0.0) (100.0) (7.7) (154) (76.9) (0.0 0.0)  (100.0)  (0.0) (0.0)  (100.0)

AMP, Ampicillin; CHL, Chloramphenicol; CIP, Ciprofloxacin; DAP, Daptomycin; ERY, Erythromycin; FFC, Florfenicol;
GEN, Gentamicin; KAN, Kanamycin; LNZ, Linezolid; SAL, Salinomycin; STR, Streptomycin; SYN, Quinupristin/dalfopristin;
TET, Tetracycline; TGC, Tigecycline; TYL, Tylosin (Tartrate/Base); VAN, Vancomycin.
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0™, tetracycline (69.2%), chloramphenicol (66.7%),

ampicillin

(59.0%),
(56.4%) MM = =2 U

trimethoprim/sulfamethoxazole

(e}
NES

Lrebsich ol lel

colistin (20.5%), cefoxitin (7.7%)7C. % WAL
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ERiglet. oo} &2 Avte o B - E coli
o] FAYA (95.2%),
ampicillin =~ (89.2%), trimethoprim/sulfamethoxazole
(53.7%), ciprofloxacin (57.1%)°1A =4 YERd
Lee et al.(2005)2] A7 AAAH AR A
Sl Aol A ekt Zlow gldn. &
WA st E colivt  chloramphenicol
(17.9%)°l1 4 713 Wde  dERgia
tetracycline (10.3%), ampicillin (7.7%), ciprofloxacin
(7.7%), (5.1%),
ceftazidime (2.6%), colistin (2.6%) *=2.Z WA=
UEF QI TH(<Table 4>). 2 ZRlolA A WA
w37t ddFer v AEd RS Nn2022d
=7 A AR B U EUE"E(EE, S
) ol WEH S5 A AA AR S
A EHATE 55%, ol 14%, AolA 9%E 2 AT
ANME & Al E. coli ol &AA WA
Ae BAA ALET
o WalA T AL

tetracycline

O
ST

trimethoprim/sulfamethoxazole

mE‘

st oA B3 E coli 897F FolA dHF
Hoh= 7k AN B3 el YRS Aol
< WAEES YeridlYh shrelA e E

XE Mz UM e §d

coli= Amoxicillin/Clavulanic acid (2.6%)°1A% W
AL YERNATE AFelAl FEgt E coliolA
(20.0%), (20.0%),
ciprofloxacin (16.0%), trimethoprim/sulfamethoxazole
(12.0%), chloramphenicol (10.0%)=° 2 WS
Pl B BN vehd 8 A i
I Ak o g EQlEt(<Table 4>). ©]& 3k
A= 7V w7F AAY S shdelA %t
270 Enterobaceriacaea®) X ZAFE 3t Ay
135 A F 7% oldelA 783%7F WA
Yebd AAY 7S 57 A2 shdelA Al
WATro] 2 &R Asiths At fARsE
RO R e TH(Jang et al, 2015). At o=
Spuch AR A4 Wy B Bt ¥
A ORI AAT eI BAT A A5 o
 eddd WA w750l HRE olEsto] <

+  ampicillin tetracycline

4 A2 L F AR &
offF dAFelM EET E  coli 30€r$~
ciprofloxacin (20.0%), tetracycline (20.0%)),

trimethoprim/sulfamethoxazole (20.0%)°l4 7Fd =
2 UWAEES YERL,  ampicllin @ (16.7%),
chloramphenicol (3.3%)w2Z W& YU
(<Table 4>).

<Table 6> Patterns and indexes of multiantibiotic resistance (MAR) of E. coli isolates (n=197)
collected from Fish farm and Inland pollution along the Korean southern coast in 2023.

Number of Fish farm Stream water Livestock manure
antibiotics Number (%) of MAR Number (O/f)) of MAR Number (%) of MAR index
isolates resistant index isolates resistant index isolates resistant
0 24 (80.0) 0.00 64 (71.9) 0.00 35 (44.9) 0.00
1 0 (0.0) 5 (5.6) 0.06 10 (12.8) 0.06
2 0 (0.0) 11 (12.4) 0.13 4 (5.1 0.13
3 1 (3.3) 0.19 2 (22) 0.19 2 (2.3) 0.19
4 4 (13.3) 0.25 2 (2.2) 0.25 8 (10.3) 0.25
5 1 33) 0.31 4 (4.5) 0.31 2 (2.3) 0.31
6 0 (0.0) 0 (0.0) 0 (0.0)
7 0 (0.0) 0 (0.0) 0 (0.0)
8 0 (0.0) 1 (1.1) 0.50 0 (0.0)
Total 30 (100.0) 89 (100.0) 78 (100.0)
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<Table 7> Patterns and indexes of multiantibiotic resistance (MAR) of E. faecalis isolates (n=54) collected
from Fish farm and Inland pollution along the Korean southern coast in 2023.

Number of Fish farm Stream water Livestock manure
antibiotics Number (%) of MAR Number (O/f)) of MAR Number (%) of MAR index
isolates resistant index isolates resistant index isolates resistant
0 10 (76.9) 0.00 20 (76.9) 0.00 4 (26.7) 0.00

1 3 (23.1) 0.06 3 (11.5) 0.06 9 (60.0) 0.06
2 2 (7.7) 0.13 2 (13.3) 0.13
3 1 (3.8) 0.19

Total 13 (100.0) 26 (100.0) 15 (100.0)

A% Ea W RS e ¥ FAA WY 9N NS B i 779 AR E
Eo WERX kAL AR @A FFol faecalis T 7V ARSAE T QIFEE Aol A
A ude vepdigion f2022d =7 FAA Rlssd WA iEs deEhisith 5 2WAE 8
AR H A EYUER(FE, SAHE)) o S " AROA 28st E faecalis o TE
GAA o Folalm, WY, FD)olE  erythromycin (30.8%)°14 7FE =S WAHES U
ampicilline A28 th& FAA Q] A7} 4 BRI linozolid  (7.7%), tetracycline  (7.7%),

b Yd Ao Mok I ARE R

ST SFeAd] FAA A Aot
S we AR FHHEYy 183 ceftiofur,

gentamicin, streptomycin, nalidixic acid®ll OJ3l|A&=
BE 289 E coli #FolAN A UER
E. faecalisc AFes X3 7= AT Ul
RHEAoR WANE MTLOR E coli®} P}
A& shrel sh, ARb 5o FAA A
AxAFeZE &85 gt (Masateru al.,
2015). MA@ BWHAIRNN E2d E faecalis
157 erythromycin (73.3%)°14 7Fd =&
BE2 LR S L

et

dE= Quinupristin/dalfopristin
(133%) M= WS yIUERITH<Table 5>). &

3] erthromycin 7}257F AFSolA HEHOZ A}
5= FAAEM, @ ERlelA st E
faecalis7} tetracycline® ] 98.4%, erythromycin®l| 4]
73.0%2] = WSS YR Lee et al.(2005)2]
A7 A3}9 Yoshimura et al.(2000)7} &3k &
o FAAolA EEle E faecalis WIE FAR
A erythromycin 2 tetracycline®lX  Z+2F 90.0%,
94.0% W1 Aae} FrAbst BEertE

vancomycin (7.7%)=2. 2 UEFSETH<Table 5>).

ol FollA eIt E. faecalis 130F% T W,
3 ARelA 7P we A WAEES e
A erythromycin (23.1%)°14] iAoz =2 1
AE& YERAUTH<Table 5>).

olglgt AlgEo] Fvitt o SFAAKEZ
sk, 98T, FAEST, shrA e wiET, of
A= $HEFHY 29 ZheAolu freelA
Zpol7b e deel Eetal Ads] At
g &AW side] yekskt

gt @AY g Al
(multiple antimicrobial resistance bacteria, MARB)2]
T 99 F euE AW AEE o A e
TR, AAH R AAs gl Ha Jdtt
(WHO, 2014; Lee et al., 2019).

7bE WA ZEE E coli T B A

o FrAe UEE FFE 35T (449%)°]

Tl o=
©1, MAR index’} 02 o]0 & yehd #5
10355 (12.6%)= ©] = 4709 &AAe] A
7 @57 8EF (103%) 2 78 Bk, 5

& A1,

N FgAA WS 7H AR 29 (2.3%)

to rr ¥2
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ool OfF UAE 9 oIT SASEM Ealsh B XE AT BN Y S4

o]t} shdFellA FEl ¥ E. colit 897
M #F (6.7%)F MAR index”} 0.2 ©]4,
% ol Al disl WS YERIA o]lF |1
e 7P 22 ARl Wds veR
MAR index”} 0.50.% yepgtl 18] ofF <
2ol el E coli 5 3075 FollA 5¢
T (16.6%)7F 4F o7 Al sl WS
Efjo] thE AlmEel vl8l AT v&
o] F& Ao FRIFTH<Table 6>).

E. faecalis®| et ThAUAES st A}
WSS 715 BN E coliitt EA vheRs:
AT MAR index”’} 025 ZIst= A S
Uebd e FRlEA] gty st o
FAF AEE A oE e thAUA-S UE
WoH(<Table 7>). |9} #> ZAI+= Michael et al.
(2015)8] ml= ofolesolF A ARFAIAES H
A A A MARB HX %A A3} E coli
9} Enterococcus spp.2] THAU/d ol 247 22.3%
9k 36.6%= ¥HEE Aol gt Zlom el
=3

AN ol

&

o2

1>

:?L_"

ﬁ

rO

rl

_O|L

r}‘i—ll

I

i

N

N
o

e

E N

oowe Brome o

gLl w2 As
Enterococcus spp.)d S QEE FARSIA, °l&
Fo FAA WY ADE B

T 25109 #5F (B coli 1975 W
Enterococcus spp. 5407} AEHP oM F2H
FFEE hrd FAA dal WS e
o, 7k 2¥a R skl w2 344
UdEel #EEY. 53] W el Zed
E. colix= ciprofloxacin, tetracycline, chloramphenicol,

ampicillin, trimethoprim/sulfamethoxazole®l| 4] &

WeES Hehhom st shet g

2ol Al ket SEe] A iAol ERIE S
oh 3t 7hs ERlelA EElE E coliol Al MAR
Uehd #5109
(12.6%) = THAUA o] A Yebsth

olgldt dF A= 7bE EWy A st

FZL’

rr
ol
-
oy
o2
1>
o)
1o
do
o
o
=
o
o%
0%
2
=
oX,
=t
do Jot Ay

Abell JEks vXe= 8% eddo] F F 3
= gRlepglon A Wde ks T
et a¥AQl #eE WREE ARbsh= Wl Fosh
Sttt &5 AqelM = F
Aol tish 7] #Ql BB P thekt

-1 Z}(antibiotic resistant genes, ARG)S]
g Zo=w e}

Mo
1
o

ggl
ko
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