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Background: As pollutants caused by non-point sources flow into rivers, river water quality monitoring for Accepted March 27, 2024

fecal pollution is becoming increasingly important.

Objectives: This study was conducted to investigate the distribution of microbial communities in the
Yeongsangang River water system and sewage treatment plants in Gwangju and to evaluate their antibiotic

resistance.

Methods: In the experiment, samples were distributed to five selective media at each point and then cultured
for 18 to 24 hours. When bacteria were observed, they were sub-cultured by size and shape and identified
using MALDI-TOF MS equipment. When identification was completed, 17 types of antibiotic susceptibility Highlight

ighlights:

tests were performed using VITEK II equipment, focusing on gram-negative dominant species among the . .
- Water quality monitoring by non-

identified strains. . . L
point sources is becoming important.

Results: During the study period, a total of 266 strains were isolated from 39 samples. Gram-positive bacteria . Most of the isolated bacteria were

were 37 strains in four genera, or 13.9% of the total, and Gram-negative bacteria were 229 strains in 23 genera, — . .
identified as gram-negative bacteria.
- Of the 23 strains, 87.0% were multidrug

resistant.

or 86.1% of the total. Antibiotic susceptibility testing of 23 strains, the major dominant species, showed that
one strain (4.3%) was resistant to only one antibiotic, and two strains (8.7%) were 100% susceptible to the
17 antibiotics tested. The other 20 strains (87.0%) were multidrug resistant bacteria resistant to two or more

antibiotics. There were various types of multidrug resistance. Among them, penicillin and cephalosporin e

series showed the highest resistance. Health and Environment Research

Conclusions: Based on the results of this study, it was found that the bacterial community structure changed Institute of Gwangju, 584 Mujin-daero

according to regional and environmental factors, and it was judged that continuous research such as genetic Seo-gu, Gwangju 61954, Republic of

analysis of antibiotic-resistant bacteria present in natural rivers is necessary.
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St AP A g7sl7| Y5 FYAE Argsto] 25k et
E3 A= A =mShe FF olejok 7159 AERloly
AP =S A3l Akl F7she 5 FHESIsHA AREEAL Q)
k) ol et FAAE AR Ao B2 B3-S Fou 1
= YA BH 0RO &= ofolH FPA I +FE
S7H7IE dAaTE 26k, A A 50 =2
o] Az} oA W vt fruEtE 2ot Edeto] et F8
3t ol5r2 thFE 1 Qlek? QFel AH) Feto] WHH] Q&=
A 9] 5P FBAE ZIRE thet LAEEE0] A=
A W+ shd 1 7 Al A+ WidE
S 71g7t Aoz Lok A AAZ oz Aol FAA W
gol A =iz glom ol A= A WiAdE ol AlAIZ L
2 EFS ATRE 52 AH0oA, Wit wAle A4S 4
o 2 IHd 7Hs A& AU Yk

AR FHollA= sk A8 7102 S (Total
coliform)¥} E-QAA A (fecal coliform)o] E§H=]o] )t

ST E Y BT TS A A=, HYA

ME0) o FH5Ae 22 4 Qs HEAY FRolu
23 Mg AERA BReee] 9lo] FoielXE Fobhs

29 34 7]H(microbial source tracking, MST)°] F5&-& 1k

e - Pung ~ Yeongsangang river ——-_/ &,
K hiid g ongje: ~_
s angriver ) strea m .
v e -
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Gwangju stream

Fig. 1. Location of sampling site

Table 1. Information of sampling site in Gwangju region

3 9t} o] F A 71D B4 (next generation se-
quencing, NGS)& H|%5}0] DNA & 4 {42 24 &5
AP ETA 2 s Y 2 E HYEPstal AFEH T
2Rl TAE 85t Sl 12y of2fjt i AAE o
FAIZro] Aejn vlgo] wo] AHE= To] qlo] Al&sH]
FAUBE AES AT RS e waT B a7t Qlet?

MALDI-TOF MS (Matrix-assisted laser desorption/ioniza-
tion-time of flight mass spectrometry)+= HA| & o]3}slo] 7
SO 719l =Lote At AR 4 249 AT
< S4shs Wiolt T18]al o] A= v oY e
T Uz 54T 5 AL, 71T Bl thE SAHHET TA
5] wom g2 APATE Sl Fedol ASE 2L 7HE
k= 7]&olok? @7)14olu wiko] A1 AR e i
HA AL 5 Ao, #iA {9 At AR A Aol
%) 7hsstthe HolA 115 583 W 2h}lo] W ast Al
ZUE Yol avbEo 2 deA ekl

olof we} o] AtolA= vdE &7 ¥l MALDI-TOF
MSE ©o]&5to] FFAq JiPt 272 T8 XX A sheA
g4 5 2 IRSolA ndE 2 o= ARG,
A U o R mhetshr| ffsl A A4 HARE AA
sto] §-2|A] 27 #e]9] 7| 2Am = E-8-5HalA st

Il M= 3

1. G3XE 2 A7
BEFAA A U GG RS 7 FRAH o

B 24 BES Yolis] 918 B 648 o= A
o o AHE FEA AN, GA EFoIu 4R A% B
A%, 34

SH §U4 CAHI RS DAY, FGHA E
PR, 1213 3 439 Ao R & 641

1= ofo]utio] ol WAL 4oC JEg fA5ko] A7
AR QIS 3 24412E o]ufef] A sheich

Name Type (no. of site)

Sampling site name (location of Fig. 1.)

Gwangju stream Tributary (1)

Yeongsan river Main stream (1)
Main stream (1)
Tributary (1)
Tributary (1)

WWTP [A,0]-2)

Pungyeongjeong stream
Hwanglyong river

Wastewater treatment plant (I)

Gwangun (Site A)

Gwangsin (Site B)

Gwangsan (Site G)

Pungyeongjeong (Site E)

Hwanglyong (Site F)

1st-Wastewater treatment plant influent (Site C)
1st-Wastewater treatment plant effluent (Site D)
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o] AFolA= Al BAA Aldtuigel = A
2%+ AHufX]Ql Bismuth Sulfite Agar, MacConkey agar,
Mannitol salt agar, SS agar, XLD agarg AH8-5t9.0H, 74249
AEHf|o]] Al 25 =3 & 35.0+£0.5°ColA] 18~24 A7t vi%F
SERCE. Ao A Ajet o2 P, 27, A So= HEhe
Aesto] ZwHiR]Q1 TSA (Tryptic soy agar, Difco, USA) BiA|
of Al & &welE SHtE ==Y 5= bacto-
bank vialof| goF -20°Co]| ¥ EashH A&,

MALDI-TOF MSE o]&ato] 545ttt &
7] A}H]:= MALDI Biotyper System (Bruker, Germany) 2.2 £
< target plate®] SFA T HIE T3 Matrix HCCA
(orcyano-4-hydroxy-c1nnam1c acid)]| Standard solvent (50%
acetonitrile, 47.5% water, 2.5% trifluoroacetic acid) 250 L&
do] 9HA5] =91 T A% target plate 1]
1 pL Eojm=g & ARLoj| A AZ35}e] MALDI-TOF MS ZH]o]|
“F2}5h Direct transfer (DT) ®H& AH&SIAH, S4€ ¢
o] ozl Zgk ABEHL MBT_autoX method 2 4513
H, 472 MALDI Biotyper version 3.12] library®?} H| 1 £
Ax]o] score valueZ =4 $X]7F FHE Q) Score value©] ©h
2t 27F41(2.0 o4} Species7HA] &7, 1.7 ©|4F 2.01]%F: Genus

7| BA)2 THsto] ke BRI

S} Matrix solutions

2.3, SHHF| ZtaM Al
MALDI-TOF MSol|lA 57o] gelgl &3
SAS Thotal] 918 e SHE B 78]
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Staphylococcus spp. [ 1
Plesiomonas spp. [ 1
Myroides spp. [ 1
Leclerciaspp. b 1
Exiguobacterium spp. |8 1
Enterococcus spp. o 1
Enterobacer spp. P 1
Cronobacter spp. | 1

[ No. of isolates (Gram Positive)

No. of isolates (Gram Negative)

Comamonas spp. [ 1
Arcobacterspp. P 1
Rahnella spp. |2 2
Proteus spp. |3 2
Microvirgula spp. |5 2
Lelliottia spp. [ 2
Kluyvera spp. |21 2
Providencia spp. = 3
Pantoeaspp. [ 3
Serratia spp. == 5
Citrobacter spp. == 5
Acinetobacter spp. [———= 11
Enterobacter spp. |———1 16
Klebsiella spp. |——1 17
Raoultella spp. [——" 18
Pseudomonas spp. [——7118
Escherichia spp. |—————————my 1
Bacillus spp.  |E————— 3/
spp. 1 95
0 20 0 60 20 100

Fig. 2. Distribution of genus isolated by MALDI-TOF MS
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A W+ HAF & ]@‘%ﬁ % & A53771E ol
L35t 74 AAHO =2 .4 A'sE(Minimum Inhibitory
Concentration, MIC)E &% O]“ﬂ‘jr Aol AH&E 717=
BioMerieuxAHFrance)] VitekII°]™, 34 JA| 7| ELX bioMer-
ieux®] AST-N169E AH&-3HL, 20219 W FAAMNEE7|
(Clinical and Laboratory Standards Institute, CLSI) guidelines
of wjg} NA v A] 314 (microdilution broth method) 7]&0]
mEtk AEHEPH-S Triptic soy agar (Difco, USA)®l| &5
35.0+0.5°Coll A 24A)17F kst & oA =S bioMerieux
Atoll A Al&53t AST-N169 AH-&Holl Wt 3 mLe] salineo] <+
oS 5]4I5t0] 0.6 McF&E FHETL, o] FH 145 uLE s 3
mL salineol] $Yot1L & A2 & 7|Eo] FYsto] HAME A
A5t MICS] &% PenicillinZ] Ampicillin, Amoxicillin,
Amplcﬂlln/Sulbactam, Cephalosporinﬁ] Cefalotin, Cefazolin,

N

Cefotetan, Cefoxitin, Cefotaxime, Ceftriaxone, Carbapenem
Z Imipenem, AminoglycosideZ] Amikacin, Gentamicin,
Quinolone| Nalidixic acid, Ciprofloxacin, TetracyclineZ|
Tetracycline, Sulfonamide”| Trimethoprim/sulfamethoxazole,
~1 8] Chloramphenicol®] 17&2] FP=4S AHEsHo] A4
Age ANt

Il Z2} 2 D

1. MALDI-TOF MSE 0|8¢t DJ4= 59

FFAG Ul AT A MR 4 AHE vidE 5
JAT & 266702 TFE 2SI o] T I FAItol 4
& 37dF2 A9 13.9%0]1, TH-S/dwr2 23 & 22945
2 86.1%[tt. IHF/ It 5 Bacillus 0] 349571 574 &

9w Enterococcus 4, Exiguobacterium <5, Staphylococcus
&2 47 174 SHEAS. 18S9 Aeromonas %
o] 95FF2 415%S AAste] M e vlES el
11, Escherichia & 9.2%, Pseudomonas <5, Raoultella <& Z¥Z¢
7.9%, Klebsiella <5 7.4% <=0 2 ZAFEACHFig. 2). MALDI-
TOF MSZ £A3t A3} Biotyper score”} 1.7 o4} 2.0 B[Rk
]l BF= 73¢F(27.4%)°19, 2.0 o1 B¢+ 1934+

Z Z(species)’|& BHEOC] 72.6%S HEFHATH Table 2).

Table 2. MALDI-TOF MS scores of isolated strains

Identification Species Genus
Score value >2.0 >1.7&<2.0
No. of isolates (%) 193 (72.6) 73 (27.4)
Total 266 (100)
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Z(species) 7|22 5HH 1937F F Aeromonas 40| 2 93% (18%), Klebsiella < 7.8% (155), Raoultella < 7.8%

42.0% (813 A. veronii (3037} 7F4 Wolal, Escherichia (15%), Enterobacter <& 7.3% (14%), Bacillus <& 5.7% (11%),
Pseudomonas <5 4.7% (95) <=°|A 2 H(Fig. 3) 7|et Alwto 2
+ Citrobacter freundii, Serratia marcescens, Acinetobacter spp.

Others, 155% 50| ZA=ck 2] #39] MALDI-TOF MS A= Table
Pseudomonas spp, 33 At

- \’ Aeromonas spp., 42.0% SAE 7= TS Bacillus & 5= 11]940]- i

29| FE0] F2 IHHROR AL, EF B 5 A

E.... o) 2AStE 29 A% BB 5 o] 2ARHE 2 5 A

/‘ Aol 9-Hste Ao 2 Ve thFig. 2). Chung 5(2013)”

Enterobacter spp, 7.3% o] Aet FU JARE 599] PyrosequencingS ©]-8-3t Al

/ +3d 8% 2AMOIA] phylum AlE2] 3 A} Firmicutes,

Raoultellaspp, 7.8% / Proteobacteria, Actinobacterial] X E E3] XA EA E

Klebsiella spp., 7.8% Escherichia spp., 9.3%

Al o], AI71AR1 891 & B34 8Rlo] wht Alat £ =
Fig. 3. Species distribution of isolated strains (score >2.0, n=193) 7F Qs Wshs A Uehdths 237} =t o] A

Table 3. Distribution of species isolated by MALDI-TOF MS

Score valve =2.0 organism No. of isolates (%) Score valve =2.0 organism No. of isolates (%)
Acinetobacter calcoaceticus 1(0.5) Klebsiella oxytoca 6(3.1)
Acinetobacter junii 1(0.5) Klebsiella pneumoniae 5(2.6)
Acinetobacter seifertii 1(0.5) Klebsiella variicola 3(1.6)
Aeromonas bestiarum 6(3.1) Kluyvera cryocrescens 1(0.5)
Aeromonas caviae 13 (6.7) Leclercia adecarboxylata 1(0.5)
Aeromonas eucrenophila 2(1.0) Lelliottia amnigena 2(1.0)
Aeromonas hydrophila 18 (9.3) Microvirgula aerodenitrificans 2(1.0)
Aeromonas jandaei 2(1.0) Myroides odoratimimus 1(0.5)
Aeromonas media 3(1.6) Pantoea agglomerans 1(0.5)
Aeromonas popoffii 1(0.5) Pantoea ananatis 1(0.5)
Aeromonas salmonicida 4(2.1) Plesiomonas shigelloides 1(0.5)
Aeromonas sobria 2(1.0) Proteus hauseri 1(0.5)
Aeromonas veronii 30 (15.5) Proteus mirabilis 1(0.5)
Arcobacter butzleri 1(0.5) Providencia alcalifaciens 1(0.5)
Bacillus altitudinis 1(0.5) Providencia rettgeri 1(0.5)
Bacillus licheniformis 1(0.5) Pseudomonas alcaligenes 3(1.6)
Bacillus marisflavi 2(1.0) Pseudomonas corrugata 1(0.5)
Bacillus pumilus 4(2.1) Pseudomonas extremorientalis 1(0.5)
Bacillus subtilis 3(1.6) Pseudomonas monteilii 1(0.5)
Citrobacter freundii 5(2.6) Pseudomonas putida 2(1.0)
Comamonas testosteroni 1(0.5) Pseudomonas synxantha 1(0.5)
Enterobacter asburiae 7 (3.6) Rahnella aquatilis 1(0.5)
Enterobacter cloacae 6(3.1) Raoultella omithinolytica 4(2.1)
Enterobacter kobei 1(0.5) Raoultella ornithinolytica 10 (5.2)
Escherichia coli 18 (9.3) Raoultella planticola 1(0.5)
Exiguobacterium sp 1(0.5) Serratia fonticola 1(0.5)
Klebsiella aerogenes 1(0.5) Serratia marcescens 3(1.6)

Total 193 (100)
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o g EAjst= v AFE B& 59 &9 EAste +
Sol BYH0 2 ZAstel Mg 2 Frol JFS Ry
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FQ QX149 EAS AHHY, Aeromonas &2 1FSA4
9871 AlatolH A9 B Al 24 @FE Eolv
EY, Aot 5 AdAl0l ] EARITE Aol Al el
ATkl AR A. hydrophila, A. sobria 52 Mat’d 415%2]
Ao 2 A AAL} B5 59 S5 FHIeithal <A 3l
th E5] & ALoA HEH A. hydrophila©l] it ZHE> B
5 ABTALE YA, EEA 71AERo] Qs Y A
St goAA HE, Hed, Y, HEFo R HAY|
-gﬂ_q_.ll)

Bacillus -2 AFAAIA F8 73 dRlHo & 5 EY, &
7] Fol= F-fokar ArAAlof de] A5t IS/ 1+
02 HET} Qo] &5/d0] AUt o] # &2 ZAE P45
2o ZA1E 2ok 1 Foll @Al ol ArEEA] &
o B g ZEchs FAAE FE|dth EAR] AF = B
A1 B, cereus sensu stricto= QA 7T IE & A} LES
et A ok

Pseudomonas %2 AAACIA de| A5,
Pseudomonas aeruginosa”t HEZAQ] ¥yUtolr} &
oA HEH P alcaligenes Y P. putidarx= 713]7¢
4 5 = dO 2N, 473 AFAlE A9 flsl 84
UAg welzlo) okajE o] 2eiE-S WorlE F1slE 7t
AA Gk BeE #F F Klebsiella % EZ A 7]
3 HwO 2, E3] Klebsiella pneumoniae®] 735 439 H 9
A2 2 A E. coli, E. cloacae 52 ZHHY Ul4d A<t
(Cabapenem Resistance Enterobacteriaceae, CRE)C. 2 L&A
%q_.IS)

F 51T} A HO ZHE] 16srRNA F-HAF B4 B3 o
S 5AT oA AT AFElolA Go 5201572 = BFHOA
Aeromonas 4°] 31.7%=% 7P BEXE-&0] =9k11, Acidovorax
(28,1%), Elizabethkingia (8.2%), Pseudomonas (5%), Raoultella
(3.2%), Brevundimonas (3.2%), Pedobacter (2%) 42 <A2
Ueltor o] 9 Sphingobium, Sphingobacterium, Comamonas,
Chromobacterium, Pelomonas, Chryseobacterium 59| &0
=]l o] AF A= FAE vdE Foll IE Aol
URARE, £ Aet FARE ATHE YERSIch

of,
o = o

> o 2 i
LT
O o md el

2. KEd 0|4 28 54
Qg BRe} 34 AW 9 LAY 45 L 4R

o tigt A1FE v E EX 8-S AF(Site. A)OA )
F(Site. G) =22 Fig. 4°] Yetitt. 2aH +3F &
= AAHY HF, Aeromonas £9] H|Fo] 51.1%= XA}

Eo] o2 AR} vlwste] 7B HlSo] o, 11 o]eQ]d
Escherichia <, Raoultella £0] H|14 =4 HA&E T BA
Ho| A% Aeromonas 40| 7} =9k, 11 9] Bacillus &3+
Pseudomonas 9] =M= YEFH CAHE ot 4=
A5 YUFE st 52 AT & e S 2

QIgk A, oh2 A[&ol Hls #3529 47t 7 A il Test
A, E. coli®] Bl&°| 71 &A HE=]H B4 fA&
& o] &E& steA YA Rl DA E 7P Tt
0] 27} Balsloir) ThE XA} E2o0] 8]8] Enterobacter
Z0] 714 &=9ka1, 715 E. asburiae®| 4%, E. cloacae©| 3%
AZEUH E. coli= A Ct BHIsHA AEEULH, 11
9] Aeromonas <5, Bacillus 0] 8|04 =4 HZEUcE F
Hol| §-& olfEe} AdAlEe] YAstaL Q= EAFAA =
Aeromonas £9°] 7} =9kon st AoA HAEEH E
coli = HEHA| 9811, Pseudomonas 42] H]&o| A& 2.
2 o AJof Hls =A vepstth X391 PR} G4 St
2249 GAANAE 2 AT} H|$=514| Aeromonas <
9] H|Fo] 7P w8koH, & AX HF Raoultella (R4 F,
16.2%)3} Klebsiella <3(A78 G, 11.1%)9] 7|34 A+to] HEE

o
ot

ol
¥R

B

AME #F BRI, F2 Id" 432 &, A8 EY
g 2 & JAA ] E-5t= wolUA
9k Aoy 5& 5 8ol S5k QI91EQl 2 9
2o & EAot= A0 E ZAEILE &
3] B, EY 9 Aoy 5&9] £5lol £ 5to] fotoflA &
A4 QE20] AolH#0 &2 A Al Enterobacter &9 E. cloacae
7} DARNA A A&t o] 2 7130 YE, L2749,
SE7IAY, 5 AA A9, HE8S FUE 5Y HQde g
T A o olel weld o A9 A At F &3
AAJot PSS IHAZIcHE A7t B E ]
s 24 BX2E AR 2 23, 4709 niEE2 Al

100%
m others
80% = Raoultella spp.
W Pseudomonas spp.
60% w Klebsiella spp.

= Escherichia spp.

40% Enterobacter spp.

= Bacillus spp.
20%

W Aeromonas spp.

W Acinetobacter spp.

Site. A Site. B Site. C Site. D Site. E Site. F Site. G

Fig. 4. Comparison of bacterial communities at the genus level by
sites
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2] 5l $42l 89, 0] B4 ol 83} HIH oAU 2L I
229l aQl5o] o8 Mskeith A2 & 4 9lon, £ o]
A7 4TS B9 SRV Buled AAE gt 2L
oF ol 28 4 912 0.2 Tekir

3. 2 FO| MM U5 A

o] AolA HelE A7el AR WA ong B4
7 ol 2o $AFL FHCR 233F0] de) FAA 7

A AEE AASTE A o= ST AR CA &
= Aeromonas & 65, Klebsiella & 45, Acinetobacter <,
Citrobacter <, Enterobacter <, Pseudomonas <& ZVZ+ 234,
18] 31 Bacillus <, Escherichia <, Providencia <%, Raoultella <,
Serratia 452 Z}Z} 154 42345} TH(Table 4).

5 23759 P 1750 T PAA B4 AY 2
T}+= Table 59 YEFHATE 15 penicillin A€ 2] ampicillin
T} cephalosporin A|89] cefalotin®l] W& YeFlE= #F7}
747} 185:(78.3%), 17:(73.9%) % 7V A Uehudt. E3t
ampicillin-sulbactam, cefazolin, amoxicillin-clavulanic acid,
nalidixic acidoll 2} 1645(69.6%), 137F(56.5%), O+
(39.1%), 995(39.1%)7F WA S HFt. o] 2o cefoxitin, tet-
racycline, imipenem, cefotetan 50 WAo] Q&= 5% &1

=190k o U4 S92 Tkl Urepdon, daA e

Table 4. Classification of species for antimicrobial susceptibility

712 5 5 207 7(87.0%)7F 24 o)/d2] Al A S
7 oA W dtoliet 84 WA 7t 4atF= M B
om, 34 WA, 44 W, oAl WA, 9Al W8 22t 3= o]
L, 24, 7A W = 27 297 ERIEI 1T 9 9
7HA] AN W 7R F e 19 E.3% %R 0H, YA
2¢FB.7%)= AR 1759 Al 100% A/de EA
TH(Table 6).

Go 5(2015)"0] A3t Fuf 3P0l B323}= ampicillin W
date] Tt 2AMIA 1452 A 5 65 o] TA|
o] Y& Hol= WEHE9 EX7F 66%E AAst3om, 1
% 759 A WS Hole Wiit=9 X7 19.7%=
M4 =7 JeREA, Jang 5(2015)02 2| o)A Eelg
24 Enterobacteriacaea®] S3A| THA] WA FAF 23} 8
2 Al WS Hol= UidwtE0] 30% Bl&= 7H &
dstgon, 75 ol FAAl WS Hol= WA+E9
£327} 78.3% 5 AAISHATH AL K AlsHI=T] o] AollA= 6
F ool Al W= Hole Bl&o] 52%= AN,
115 8A Al 7P =4 Uit Aiets tha AolE B
o =

o] Aol el A WFECl et g FHA
APz o oA A ZZARE o] A AHE B3l A< shxell
EAot= AldtE SollA oAl W Eole A WidE

Number of isolates
Strains Total
Site.A Site.B Site.C Site.D Site.E Site.G
Acinetobacter baylyi 1 1
Acinetobacter junii 1 1
Aeromonas caviae 1 1 2
Aeromonas hydrophila 1 1 2
Aeromonas jandaei 1 1
Aeromonas veronii 1 1
Bacillus pumilus 1 1
Citrobacter freundii 1 1 2
Enterobacter asburiae 1 1
Enterobacter cloacae 1 1
Escherichia coli 1 1
Klebsiella oxytoca 1 1
Klebsiella pneumoniae 1 1 2
Klebsiella variicola 1 1
Providencia rettgeri 1 1
Pseudomonas alcaligenes 1 1 2
Raoultella planticola 1 1
Serratia marcescens 1 1
Total 5 10 1 3 1 3 23
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Table 5. Antimicrobial susceptibility rates of isolated strains (n=23)

No. of isolates (%), n=23

Classification Names
Resistant, n (%) Intermediate, n (%) Susceptible, n (%)
B-lactams AMP 18 (78.3) 2(8.7) 3(13.0)
AMC 9(39.1) 5(21.7) 9(39.1)
SAM 16 (69.6) 3(13.0) 4(17.4)
Cephalosporins CF 17 (73.9) 1(4.3) 5(21.7)
cz 13 (56.5) 1(4.3) 9(39.1)
CTT 4(17.4) 4(17.4) 15 (65.2)
FOX 8(34.8) 2(8.7) 13 (56.5)
CTX 4(17.4) 3(13.0) 16 (69.6)
CRO 3(13.0) 4(17.4) 16 (69.6)
Carbapenems IPM 5(21.7) 3(13.0) 15 (65.2)
Aminoglycosides AN 0(0.0) 0(0.0) 23 (100.0)
GM 0(0.0) 0(0.0) 23 (100.0)
Quinolones NA 9(39.1) 0(0.0) 14 (60.9)
CIP 1(4.3) 1(4.3) 21 (91.3)
Tetracyclines TE 5(21.7) 0(0.0) 18 (78.3)
Phenicol C 1(4.3) 3(13.0) 19 (82.6)
Sulfa-drug STX 4(17.4) 0(0.0) 19 (82.6)

AMP: ampicillin, AMC: amoxicillin-clavulanic acid, SAM: ampicillin-sulbactam, CF: cefalotin, CZ: cefazolin, CTT: cefotetan, FOX: cefoxitin,
CTX: cefotaxime, CRO: ceftriaxone, IPM: imipenem, AN: amikacin, GM: gentamicin, NA: nalidixic acid, CIP: ciprofloxacin, TE: tetracycline, C:
chloramphenicol, STX: trimethoprim-sulfamethoxazole.

Table 6. Antimicrobial resistance patterns of isolated strains

No. of antimicrobials Resistance patterns No. strains (%)
0 All susceptible 2(8.7)
1 AMP 1(4.3)
2 CF-CZ 1(4.3)

CTX-NA 1(4.3)
3 AMP-AMC-SAM 1(4.3)
AMP-SAM-CF 1(4.3)
AMP-SAM-NA 1(4.3)
4 AMC-SAM-CF-TE 1(4.3)
AMP-SAM-CF-CZ 2(8.7)
6 AMP-CF-NA-CIP-TE-C 1(4.3)
AMP-SAM-CF-CZ-FOX-NA 1(4.3)
AMP-SAM-CF-CZ-NZ-STX 1(4.3)
7 AMP-AMC-SAM-CE-CTT-NA-TE 1(4.3)
AMP-AMC-SAM-CF-CZ-CTT-FOX 1(4.3)
8 AMP-AMC-CF-CZ-CTT-FOX-IPM-STX 1(4.3)
AMP-AMC-SAM-CE-CZ-CTT-FOX-NA 1(4.3)
AMP-SAM-CE-CZ-FOX-IPM-NA-STX 14.3)
AMP-SAM-CF-CZ-FOX-NA-TE-STX 1(4.3)
9 AMP-AMC-SAM-CF-CZ-CTX-CRO-IPM-TE 1(4.3)
AMP-AMC-SAM-CE-CZ-FOX-CTX-CRO-IPM 2(8.7)
Total 23 (100.0)
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