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This study investigated the seasonal dynamics of bacterial communities and antimicrobial resistance in the southern
coastal waters of Ganghwa Island, South Korea. Twelve samples were collected seasonally from three inland pol-
lution sources (sites 1-3) in2021. High concentrations of total and fecal coliforms were detected at all sites, with
site 1 showing the highest levels (5,400,000 and 2,300,000 MPN/100 mL, respectively). In total, 264 gram-negative
bacteria were isolated, including as the dominant genera Escherichia spp., Klebsiella spp., and Pseudomonas spp..
Antimicrobial resistance analysis revealed site- and season-specific variations. The lowest resistance rates were ob-
served in November (site 1), April (site 2), and August (site 3). Seasonal variations were evident in the resistance
profiles and multiple antimicrobial resistance (MAR) indices, with the lowest MAR rates recorded in November.
More than 50% of the isolates collected in February, April, and August showed resistance to five key antimicrobials,
including ampicillin and ceftiofur. These results suggest that inland pollution sources contribute to the dissemination
of antimicrobial-resistant bacteria in adjacent coastal environments and that seasonal environmental changes may
influence resistance patterns. These findings provide valuable baseline data inform the management of inland pollu-
tion, enhance seafood hygiene practices, and safeguard the health of marine ecosystems.

Keywords: Antimicrobial resistance, Bacterial groups, Gram-negative bacteria, Inland pollution source, Multi antimicrobial
resistance
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Table 1. Information about the inland pollution sources sample
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Fig. 1. Sampling station of inland pollution sources (®) in the
Southern Coastal Area of Ganghwa Island, South Korea.

22 29 95-11.4°C, 44 11.5-13.1°C, 8% 25.2-29.5°C, 11
2 16.6-18.3°C Wt Al 8= Hate ol 1 LoJAk J)
F|sked 10°C oJstz FAJshHA A2 Rlslo] 24471 o]
Well AeS AAISHCE AFe A= tj$t A H= Table 1
of] et it

At 2 2EHAHRIR A|S

AL SIS Thotsl] $I8 ik @ B
At A8 laboratory procedures for the examination
of sea water and shellfish (APHA, 1984) Bl of wjz} 4§ s}
Stt = AIE o= lauryl sulfate broth (Oxoid, Basingstoke,
UK)2 AR5}0] 3540.5°Coll 4 24 4842417F woFst T AF
3} 7hA% AR B FHOZ slol] Ao 451
t}. S AJg o] &= Brilliant green bile lactose broth 2% (Ox-
0id)%} EC broth (Oxoid)S AH8-51%.0.5) 717} 3540.5°Co| 4]
24-48+217F, 44.5+0,2°Coll A 24:2 X 7HE <L ksl iTh Al
HATE 2 SN SO APTS A8 Hek
(most probable number, MPN) 2.2 A+F=&316] MPN/100 mL
oz F7|sk9ch

Station Type of discharge Size and shape (cm) GPS

1 Domestic waste water 150%150 37°35'36"N 126°27'22"E
2 Domestic waste water ?100 37°35'41"N 126°26'33"E
3 Domestic waste water 150 37°35'44"N 126°26'35"E
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Germany)2 AWl 2 AT 5 T3S w25t
17 skl
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18-24A17F <=uljFgt & 3 mL 0.45% NaCl 8-2Hof 0.5 Mc-
Farland”} =5 g3t & VITEK 2 system (bioMerieux,
Marcy-1'Etoile, France)S o]-8-3F AJslst#] 7oz 2% 5
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] 49 A 5= ¥ (minimum inhibitory concentrations, MICs)
2 o] &3t YA A A2 Al E L oFERPA A o A Al-E-sk=
7} YA AR E WA U E[R(MFDS, 2020)0] <=sto] A
X5+ tHTable 2).

VITEK2 System®= 54 % 25 2RI &2 +F5
mueller-hinton agar (Oxoid) *H o] streakingd}o] 37+1°Co|
A 18-204171 voFat 5 7<) 9] Meke B loop=
3 & SmL B% E5F00f dEsle] 0.5 McFarland 2 Ef =&
275kt B s 243 AENS cation adjusted mueller-
hinton broth (Sensititre, Lenexa, KS, USA) 11 mL tube®]] 10
ul BEsfo] o A3} E= S 53 vortexing 8 &, AL YA

71

495 - e - 224

7} well vlt} 5= H 2 coating®l KRNVSF panel (Sensititre,
East Grinstead, UK)ll 2z} 50 pLA] £33 354+0.5°Cof| A]
18-24A17F wjokslSict. o] wj A&-5l= MIC panel> MFDS
(2020)°fl wHet &L HAl T Al2kske] ARg-sESITh

Panelofl= 1659 A7} s=E = 23HE o] glom A
A FHE =2 2t} amoxicillin/clavulanic acid (AmC),
ampicillin (AMP), cefepime (FEP), cefoxitin (FOX), ceftazi-
dime (CAZ), ceftiofur (XNL), chloramphenicol (CHL), cipro-
floxacin (CIP), colistin (CL), gentamicin (GEN), meropenem
(MEM), nalidixic acid (NAL), streptomycin (STR), sulfisoxa-
zole (FIS), tetracycline (TET), trimethoprim/sulfamethoxa-
zole (SXT).

kol k=¥ MIC panel-s MIC AN 253 wHE7]
(OptiRead; Thermo Fisher Scientific, Basingstoke, UK)=Z
E35to] Alat S4] o] WA b2 7H WS FEE MICs=2
Aok B E MIC =5 A U1/ 7|E(breakpoints)
I vaste] WAR), SZHUED), H4(S) 2= st
Aake] T2 CLSI (2020)2 A = st et 5=2] A
A tFA] W4 (multiple antimicrobial resistance, MAR) % ==
MAR index2 YEFY S 21, MAR index+= 34 A YA A&
o AHEHE & A F72 ~(163)°0 Higt Uide Hehdi=
FAA 7 9 BlE (WS vehdls 384 F579 =/
ARl AR & A 70 )= Atsk e (Krumper-
man, 1983; Titilawo et al., 2015).

Table 2. Types of antimicrobials and breakpoints used for minimum inhibitory concentrations (MIC) test

Antimicrobial agents Range tested

MIC breakpoints (ug/mL)

(Abbreviation) (ug/mL) R I S Reference
Amoxicillin/clavulanic acid (AmC) 2/1-32/16 >32/16 16/8 <8/4 CLSI (2020)
Ampicillin (AMP) 2-64 232 16 <8 CLSI (2020)
Cefepime (FEP) 0.25-16 216 4-8 <2 CLSI (2020)
Cefoxitin (FOX) 1-32 232 16 <8 CLSI (2020)
Ceftazidime (CAZ) 1-16 216 8 <4 CLSI (2020)
Ceftiofur (XNL) 0.5-8 >8 4 <2 NARMS (2021)
Chloramphenicol (CHL) 2-64 232 16 <8 CLSI (2020)
Ciprofloxacin (CIP) 0.12-16 >4 2 <1 CLSI (2020)
Colistin (COL) 2-6 >4 - <2 EUCAST (2019)
Gentamicin (GEN) 1-64 216 8 <4 CLSI (2020)
Meropenem (MEM) 0.25-4 4 2 <1 CLSI (2020)
Nalidixic acid (NAL) 2-128 232 - <16 CLSI (2020)
Streptomycin (STR) 16-128 =32 - <16 NARMS (2021)
Sulfisoxazole (FIS) 16-256 2512 - <256 CLSI (2020)
Tetracycline (TET) 2-128 216 8 <4 CLSI (2020)
Trimethoprim/sulfamethoxazole (SXT) 0.12/2.38-4/76 24/76 - <2/38 CLSI (2020)
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Fig. 2. Level of total coliform and Fecal coliform of inland pol-
lution sources in the Southern Coastal Area of Ganghwa Island,
South Korea.
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Fig. 3. Number of total Gram-negative bacteria isolated from in-
land pollution sources in the Southern Coastal Area of Ganghwa
Island, South Korea.
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Fig. 4. Relative monthly percentage of bacteria isolated from in-
land pollution sources (station No. 1) in the Southern Coastal Area
of Ganghwa Island, South Korea.
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= Escherichia spp.
= Citrobacter spp.

20

St.3

100
;\? 80 = Serratia spp.
g ® Pseudomonas spp.
< 60 = Proteus spp.
§ = Kluyvera spp.
'gJ_ 40 = Klebsiella spp.
g Enterobacter spp.
E
o)
14

= Alcaligenes spp.

Feb Apr Aug Nov

Fig. 6. Relative monthly percentage of bacteria isolated from in-
land pollution sources (station No. 3) in the Southern Coastal Area
of Ganghwa Island, South Korea.
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spp. (F 139-F) 0.2 B2 % 2™, Kluyvera spp., Proteus
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Table 3. Number of bacteria used in antimicrobial resistance tests
isolated from inland pollution source of west coast of Korea

Inland pollution source

Genus Total
St1 St2  St3
Citrobacter spp. 5 0 8 13
Escherichia spp. 12 19 15 46
Enterobacter spp. 4 2 5 1
Klebsiella spp. 19 2 8 29
Proteus spp. 3 0 2 5
Pseudomonas spp. 6 8 13 27
Raoultella spp. 8 4 0 12
Serratia spp. 0 2 5 7
Total 57 37 56 150

Table 4. Antimicrobial resistance of gram-negative bacteria iso-
lated from inland pollution sources (station No. 1) in the Southern
Coastal Area of Ganghwa Island, South Korea

Resistant (%)
- Total (%)
February  April August  November

AmC 5(71.4) 8(66.7) 17(85.0) 0(0.0) 30 (52.6)
AMP 6 (85.7) 10(83.3) 18(90.0) 4 (22.2) 38 (66.7)
FEP 5(71.4) 2(16.7) 13(65.0) 0(0.0) 20 (35.1)
FOX 6(857) 8(66.7) 17 (85.0) 4 (22.2) 35(61.4)
CAZ 2(286) 1(83) 4(200) 0.0 7(12.3)
XNL 7 (100.0) 9(75.0) 20 (100.0) 1 (5.6) 37 (64.9)
CHL 2(286) 3(250) 7(350) 0(0.0) 12(21.1)
CIP 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
COL 5(714) 1(83) 15(75.0) 3(16.7) 24 (42.1)
GEN  0(0.0) 0(0.0)0 0(0.0) 0(0.0) 0(0.0)
MEM 5 (714) 1(8.3) 13(65.0) 0(0.0) 19(33.3)
NAL 4 (571) 2(16.7) 13(65.0) 0(0.0) 19(33.3)
STR 3(429) 2(16.7) 3(15.0) 0(0.0) 8 (14.0)
FIS 7 (100.0) 8(66.7) 19(95.0) 3 (16.7) 37 (64.9)
TET 5(714) 1(83) 11(55.0) 2(11.1) 19 (33.3)
SXT 5(71.4) 2(16.7) 12(60.0) 0(0.0) 19 (33.3)

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Ce-
fepime; FOX, Cefoxitin, CAZ, Ceftazidime; XNL, Ceftiofur;
CHL, Chloramphenicol; CIP, Ciprofloxacin; COL, Colistin; GEN,
Gentamicin, MEM, Meropenem; NAL, Nalidixic acid; STR,
Streptomycin; FIS, Sulfisoxazole; TET, Tetracycline; SXT, Trim-
ethoprim/sulfamethoxazole.

spp., Providencia spp., Acinetobacter spp., Alcaligenes spp.,
Stenotrophomonas spp..= 52| = 1t}. o] 5 22170 w59 ge-
nus: Escherichia spp., Klebsiella spp., Serratia spp., Raoultella
spp., Enterobacter spp., Citrobacter spp., Kluyvera spp., Pro-



teus spp., Providencia spp.)= “ U Allat- K Enterobacteriaceae)
of 43841, 437 w+5(4 genus: Pseudomonas spp., Acineto-
bacter spp., Alcaligenes spp., Stenotrophomonas spp.)= 7| €}
3+ W A Eof &3t} Kim et al. (2024)0] wh=2H 33523
o F4= o] A& 4 ThFAl-S MALDI-TOF MS = £-4]
of| 2 A v}, 255 Mt Aeromonas spp., Escherichia spp.,
Pseudomonas spp., Raoultella spp., Klebsiella spp. <=2 2 &
2|7} ol ity ¥ skl Ql+=t|, Aeromonas spp.< A 2]
Sl e BAS Bok ngE 5 AT} 2 el ATt
FARFATE £ Atol A= E3| Escherichia spp., Klebsiella
spp., Pseudomonas spp. <22 £2]7} wol ¥ Ql=t||, Esch-
erichia spp.= W 3E 4 Q] AUAF o=, =4 U A& -r]"” |

Frtol A B o] A2 ARGE TR T2 vy
JO| A, E. coli O157: H714L 7ro EX FHP o WS 1}

Elfj+= 7,&2& H1E]o] Qltk(Kaper et al., 2004). Klebsiella
spp-= WAl tol &8k Abdde] def #A e Ao g,
K. pneumoniae®} K. oxytoca 7+-2 B Q4 Alet-S 4 wlE 3t
NEdSE 2T 5 Qth(Zhong et al., 2013; Jung et al., 2016;

Table 5. Antimicrobial resistance of gram-negative bacteria iso-
lated from inland pollution sources (station No. 2) in the Southern
Coastal Area of Ganghwa Island, South Korea

AW LA WAE WA B4 521

Latifpour et al., 2016). ¥ Aol A= o]e} 22 B UdE 7}
A K. pneumoniae®} K. oxytoca. 2] = 1T}, Pseudomonas
spp.= A Ao | x5} Qa1 A 0.2 =5 Pseu-
domonas aeruginosa)©| . 0.H, UF Fo A= Uﬂo—ﬂ‘gﬂo] okt
AlholAlE flBlE dsl= 7180 9e dod = Sledles
A A JAcHKim et al., 2024).

Ao R S S d o] AR A Wt whE Al
HE-S gelaly] fato] Yls FelH genusE Fig. 4, Fig.
5, Fig. 69 YERHSIL) St 19|A4+= & 84+(11 genus)7}
E2 1AL, Klebsiella spp.7} 307-5(35.7%)2 71 Wk
o Escherichia spp. 14x3(16.7%), Raoultella spp. 94
(10.7%), Pseudomonas spp. 7++5+(8.3%) <22 He|=3
t}. 2¥ojl+= Klebsiella spp. (61.5%)7} -850 2 LFEFHAL,
490l = Klebsiella spp. (20.0%), Enterobacter spp. (20.0%)
7}, 8%, 1190l = Klebsiella spp. (32.4%, 36.4%)7} SH%
o2 Upeh St oA AR wske} Aprglo] Klebsiella
spp.7t ASte A o' UEETh St 204= & 83+t(7
genus)7} 22| %| 131, Escherichia spp.7} 5345(63.9%)=

rr 4

Table 6. Antimicrobial resistance of gram-negative bacteria iso-
lated from inland pollution sources (station No. 3) in the Southern
Coastal Area of Ganghwa Island, South Korea

Resistant (%)

Resistant (%)

- Total (%)
February April August November

AmC 6(66.7) 0(0.0) 6 (54.5) 4 (33.3) 16 (43.2)
AMP 9 (100.0) 0 (0.0) 6 (54.5) 7 (58.3) 22 (59.5)
FEP  3(33.3) 0(0.0) 3(27.3) 2(16.7) 8(21.6)
FOX 5(55.6) 0(0.0) 6 (54.5) 3 (25.0) 14 (37.8)
CAZ 4(444) 0(0.0) 2(18.2) 0(0.0) 6 (16.2)
XNL  9(100.0) 1(20.0) 11 (100.0) 2 (16.7) 23 (62.2)
CHL 6(66.7) 0(0.0) 6 (54.5) 0(0.0) 12(32.4)

CIP 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
COL 2(222) 0(0.0) 3(27.3) 2(16.7) 7(18.9)

GEN 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
MEM 3 (33.3) 0(0.0) 4(364) 2(16.7) 9 (24.3)
NAL 5(55.6) 5(100.0) 6(54.5) 1(8.3) 17 (45.9)
STR 3(33.3) 0(0.0) 6 (54.5) 2(16.7) 11(29.7)
FIS 9 (100.0) 3(60.0) 11 (100.0) 2 (16.7) 25 (67.6)
TET 6(66.7) 0(0.0) 6 (54.5) 3(25.0) 15 (40.5)
( )

SXT 6(66.7) 0(0.0) 1(83) 13(35.1

- Total(%)
February April August November

AmC 17 (100.0) 14 (87.5) 3 (20.0) 5 (62.5) 39 (69.6)
AMP 17 (100.0) 14 (87.5) 7 (46.7) 6 (75.0) 44 (78.6)
FEP 17 (100.0) 10 (62.5) 1 (6.7) 5 (62.5) 33 (58.9)
FOX 17 (100.0) 11 (68.8) 8 (53.3) 6 (75.0) 42 (75.0)
CAZz 1(5.9) 6 (37.5) 0(0.0) 0 (0.0) 7 (12.5)
XNL 17 (100.0) 15(93.8) 3 (20.0) 5(62.5) 40 (71.4)
CHL 9(529) 9(56.3) 2(13.3) 2(25.0) 22(39.3)
CIP 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
COL 17 (100.0) 11 (68.8) 0 (0.0) 6 (75.0) 34 (60.7)
GEN 0(0.0) 0 (0.0) 1(6.7) 1(125) 2(3.6)
MEM 17 (100.0) 14 (87.5) 0 (0.0) 4 (50.0) 35 (62.5)
NAL 3 (17.6) 9(56.3) 3(20.0) 1 (12.5) 16 (28.6)
STR 4(235) 5(31.3) 2(13.3) 1(125) 12(21.4)
FIS 17 (100.0) 10 (62.5) 2 (13.3) 6 (75.0) 35 (62.5)
TET 10(58.8) 6(37.5) 2(13.3) 3(37.5) 21(37.5)
SXT 4(235) 9(56.3) 2(13.3) 3(37.5) 18(32.1)

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Ce-
fepime; FOX, Cefoxitiny CAZ, Ceftazidime; XNL, Ceftiofur;
CHL, Chloramphenicol; CIP, Ciprofloxacin; COL, Colistin; GEN,
Gentamicin; MEM, Meropenem; NAL, Nalidixic acid; STR,
Streptomycin; FIS, Sulfisoxazole; TET, Tetracycline; SXT, Trim-
ethoprim/sulfamethoxazole.

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Ce-
fepime; FOX, Cefoxitiny CAZ, Ceftazidime; XNL, Ceftiofur;
CHL, Chloramphenicol; CIP, Ciprofloxacin; COL, Colistin; GEN,
Gentamicin; MEM, Meropenem; NAL, Nalidixic acid; STR,
Streptomycin; FIS, Sulfisoxazole; TET, Tetracycline; SXT, Trim-
ethoprim/sulfamethoxazole.
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Fig. 7. Number of antimicrobial resistance of Gram-Negative bac-
teria isolated from inland pollution sources in the southern coast of

Ganghwa Island.

Table 7. Multiple antimicrobial resistance (MAR) of gram-negative bacteria isolated from inland pollution sources in February

’a\jrcl)t.ir?i(crobials Resistance patterns is,\gl)ét?e fs IE/SI MAR index
2 XNL, FIS 1 3.0 0.13
6 AmC, AMP, FEP, XNL, MEM, FIS 1 3.0 0.38
7 AMP, FOX, XNL, CHL, NAL, FIS, SXT 1 3.0 0.44
AmC, AMP, FEP, FOX, XNL, MEM, FIS 1 3.0
AMP, CAZ, XNL, CHL, NAL, FIS, TET, SXT 3 9.1
8 AmC, AMP, FEP, FOX, XNL, COL, MEM, FIS 4 12.1 050
AmC, AMP, FOX, XNL, CHL, STR, FIS, TET, SXT 2 6.1
AmC, AMP, FEP, FOX, XNL, COL, MEM, NAL, FIS 2 6.1
S AmC, AMP, FEP, FOX, XNL, COL, MEM, STR, FIS 1 3.0 0.5
AmC, AMP, FEP, FOX, XNL, COL, MEM, FIS, TET 1 3.0
AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, FIS, TET 3 9.1
10 AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, FIS, TET 1 3.0 063
AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, NAL, FIS, TET 1 3.0
AmC, AMP, FEP, FOX, XNL, COL, MEM, STR, FIS, TET, SXT 1 3.0
1 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, STR, FIS, TET 2 6.1 0.69
AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, FIS, SXT 1 3.0
AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, FIS, TET, SXT 1 3.0
AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, NAL, FIS, TET, SXT 1 3.0
AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, FIS, TET, SXT 1 3.0
12 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, STR, FIS, TET, SXT 2 6.1 0.75
AmC, AMP, FEP, FOX, XNL, COL, MEM, NAL, STR, FIS, TET, SXT 1 3.0
AmC, AMP, FOX, CAZ, XNL, CHL, COL, NAL, STR, FIS, TET, SXT 1 3.0
Total 33 100 -

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Cefepime; FOX, Cefoxitin; CAZ, Ceftazidime; XNL, Ceftiofur; CHL, Chlor-
amphenicol; COL, Colistin, MEM, Meropenem; NAL, Nalidixic acid; STR, Streptomycin; FIS, Sulfisoxazole; TET, Tetracycline; SXT,

Trimethoprim/sulfamethoxazole.
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et o A7 370 A7 B vt £HES So) o]
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Bioht o] ¥H QI S e A siEpol A= Al 2
7 T nAEo] ohr WA R QtkaL B a1l ¢al, Wang et al.
(2024)0l| A= 27 SokF9] Aok A Eoll A oheget m| A&
& Metagenome 97|41 d 24 0.2 219k A, A e
1] 22 AR B8 ghof] Thol sl m A e B ARG
o}, o]& E Lol A AUA|aH(Enterobacteriaceae) ™ TFFSH
2H T mg o) AEE kel A S Bl
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S 37|20l A B
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Table 30f] YEF ITt. St. 10414 57+, St. 20]14] 37+, St.

304 56t & 1507) w5 A W3 Aol AHg-shal
t}. & 8 genus”| Al of| AF8-%| Q1 11, Escherichia spp., Klebsi-
ella spp., Pseudomonas spp., Citrobacter spp., Raoultella spp.,
Enterobacter spp., Serratia spp., Proteus spp. <~0.2 4] 4
= 27 mrobr},

St. 18] 577 wt=ofl it aH8A] T WS d= &
o] Table 40 LFER T 3H3A] W&ol 50% o<l &
A= 5% (amoxicillin/ clavulanic acid, ampicillin, cefoxitin,
ceftiofur, sulfisoxazole).2. 2 WE} 1, 25 (ciprofloxacin, gen-
tamicin) Aol Tl A= 7S UER i SITh 2¢¥oll= &
A /8801 50% o1 AAI7E 115019 aL, 492 5%, 8
L 11F O UeptoL), 1192 B gol 50% o4l 34
Al7F g1Siet. St. 29 3771 ol it A F7E WA
4 & Table Sof| LrER QAT @84 /8801 50% o172l &
AJA= 3% (amoxicillin/ clavulanic acid, ceftiofur, sulfisoxa-
zole) . 2 UFEFAL, 156(gentamicin) 3HAF Aol tsiAl= 74
3 HeERHSITE 2dofl= A3A W&ol 50% o]l o4

Table 8. Multiple antimicrobial resistance (MAR) of gram-negative bacteria isolated from inland pollution sources in April

No. of

No. of Total

antimicrobials Resistance patterns isolates (%) MAR index
CHL 1 3.0
1 0.06
NAL 2 6.1
NAL, FIS 2 6.1
2 0.13
XNL, FIS 1 3.0
AMP, XNL, FIS 2 6.1
AmC, AMP, FOX 2 6.1
3 0.19
XNL, NAL, FIS 1 3.0
COL, STR, TET 1 3.0
XNL, STR, FIS, TET 1 3.0
4 0.25
AmC, AMP, FOX, XNL 1 3.0
AmC, AMP, FOX, XNL, FIS 2 6.1 0.31
6 AmC, AMP, FEP, FOX, XNL, FIS 1 3.0 0.38
8 AmC, AMP, FOX, XNL, CHL, NAL, FIS, SXT 1 3.0 0.50
AmC, AMP, FEP, CAZ, XNL, COL, MEM, TET 3 9.1 )
9 AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, TET 1 3.0 0.56
AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, FIS, TET 1 3.0
10 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, SXT 1 3.0 0.63
AmC, AMP, FOX, XNL, CHL, MEM, NAL, STR, FIS, SXT 4 12.1
1 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, FIS, SXT 3 9.1 0.69
12 AmC, AMP, FEP, FOX, CAZ, XNL, CHL, COL, MEM, NAL, FIS, SXT 1 3.0 0.75
13 AmC, AMP, FEP, FOX, CAZ, XNL, CHL, COL, MEM, NAL, STR, FIS, SXT 1 3.0 0.81
Total 33 100 -

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Cefepime; FOX, Cefoxitin; CAZ, Ceftazidime; XNL, Ceftiofur; CHL, Chlor-
amphenicol; COL, Colistin, MEM, Meropenem; NAL, Nalidixic acid; STR, Streptomycin; FIS, Sulfisoxazole; TET, Tetracycline; SXT,

Trimethoprim/sulfamethoxazole.
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Table 9. Multiple antimicrobial resistance (MAR) of gram-negative bacteria isolated from inland pollution sources in August

’a\lr?t.ig]icc robials Resistance patterns is,,\:>(l)ét?afs 1;?/28)" MAR index

0 3 6.5 0.00
NAL 2 4.3

1 AMP 1 2.2 0.06
FOX 2 4.3
XNL, FIS 7 15.2

2 AMP, FOX 2 4.3 0.13
FOX, STR 1 22

3 AMP, XNL, FIS 1 22 0.19
AmC, AMP, FOX 1 2.2

4 AmC, AMP, FOX, XNL 1 22 0.25
AmC, AMP, FOX, XNL, COL, FIS 1 22

6 AmC, AMP, FEP, FOX, XNL, MEM 1 2.2 0.38
AmC, AMP, FOX, CAZ, XNL, FIS 1 22
AmC, AMP, FOX, CAZ, XNL, COL, FIS 1 22 0.44

8 AMP, FEP, XNL, CHL, GEN, FIS, TET, SXT 1 22 0.50
AmC, AMP, FOX, XNL, CHL, COL, NAL, FIS, SXT 1 22 0.56
AmC, AMP, FEP, FOX, XNL ,COL, MEM, NAL, FIS, TET 1 22

10 AmC, AMP, FOX, XNL, CHL, NAL, STR, FIS, TET, SXT 2 4.3 063
AmC, AMP, FEP, FOX, XNL, COL, MEM, NAL, FIS, TET, SXT 3 6.5

1 AmC, AMP, FOX, XNL, CHL, COL, NAL, STR, FIS, TET, SXT 1 2.2 0.69
AmC, AMP, FOX, XNL, CHL, MEM, NAL, STR, FIS, TET, SXT 1 2.2
AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, FIS, TET, SXT 3 6.5

12 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, STR, FIS, SXT 1 2.2 0.75
AmC, AMP, FEP, FOX, CAZ, XNL, COL, MEM, NAL, FIS, TET, SXT 2 4.3
AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, NAL, STR, FIS, TET, SXT 3 6.5

13 AmC, AMP, FEP, FOX, CAZ, XNL, CHL, MEM, NAL, STR, FIS, TET, SXT 1 2.2 081

14 AmC, AMP, FEP, FOX, CAZ, XNL, CHL, COL, MEM, NAL, STR, FIS, TET, SXT 1 2.2 0.88

Total 46 100 -

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Cefepime; FOX, Cefoxitin; CAZ, Ceftazidime; XNL, Ceftiofur; CHL, Chlor-
amphenicol; COL, Colistin; GEN, Gentamicin; MEM, Meropenem; NAL, Nalidixic acid; STR, Streptomycin; FIS, Sulfisoxazole; TET,

Tetracycline; SXT, Trimethoprim/sulfamethoxazole.
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Table 10. Multiple antimicrobial resistance (MAR) of Gram-Negative bacteria isolated from Inland pollution sources in November

No. of

No. of Total

antimicrobials Resistance patterns isolates (%) MAR index
0 13 34.2 0.00
AMP 3 7.9
FIS 2 5.3
1 FOX 1 26 0.06
TET 1 2.6
XNL 1 2.6
AMP, COL 1 26
AMP, FIS 1 26
5 AMP, FOX 1 26 0.13
COL, FIS 1 2.6
FOX, COL 1 26
FOX, TET 1 2.6
3 AmC, AMP, FOX 2 5.3 0.19
6 AMP, NAL, STR, FIS, TET, SXT 1 2.6 0.38
AmC, AMP, FEP, FOX, XNL, COL, MEM, FIS 3 7.9
8 AmC, AMP, FEP, FOX, XNL, COL, MEM, TET 1 2.6 0.50
AmC, AMP, FEP, XNL, COL, MEM, STR, TET 1 2.6
9 AMP, FOX, COL, GEN, NAL, STR, FIS, TET, SXT 1 2.6 0.56
10 AmC, AMP, FEP, FOX, XNL, CHL, COL, FIS, TET, SXT 1 2.6 0.63
1 AmC, AMP, FEP, FOX, XNL, CHL, COL, MEM, FIS, TET, SXT 1 2.6 0.69
Total 38 100 -

AmC, Amoxicillin/clavulanic acid; AMP, Ampicillin; FEP, Cefepime; FOX, Cefoxitin; XNL, Ceftiofur; CHL, Chloramphenicol; COL,
Colistin; GEN, Gentamicin; MEM, Meropenem; NAL, Nalidixic acid; STR, Streptomycin; FIS, Sulfisoxazole; TET, Tetracycline; SXT,

Trimethoprim/sulfamethoxazole.
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